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Markets provide consumers and producers
with information-the prices at which they can
buy and sell-which they need to make rational
economic decisions. Economists judge market
performance both by the reliability of the infor
mation conveyed and by the efficiency with
which market participants utilize that informa
tion. The four articles in this issue examine ques
tions of the quality of information and the
efficiency of its use in various specific markets 
Treasury bills, GNMA futures, commodity mar
kets and the stock market.

William Poole applies such an analysis to the
market for Treasury-bill futures which began
trading in early 1976. The evidence suggests that
the T-bill futures market is closely linked to the
spot market in bills, at least for the nearest fu
tures maturity. Unexploited arbitrage opportuni
ties between the two markets rarely exist.

In Poole's view, the existence of the explicit in
terest-rate forecasts provided by the futures mar
ket emphasizes the need for policymakers to
understand why discrepancies arise between
market forecasts and their own interest-rate
forecasts. "If, at some point in time, rates in the
bill futures market are based on forecasts of a
strong 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 also may reflect
forecasts of policies that are different from those
that policymakers are actually planning. Conse
quently, policymakers should make their plans
known and ensure that announced policy plans
are realized. However, this raises the question of
how adjustments may be made in response to
changing economic conditions. Poole sees no easy
solution to this dilemma, except perhaps by in-
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eluding in the concept of a policy plan an under
standing of the policy adjustments required by
certain contingencies.

Poole notes that today's futures rate is not an
especially accurate forecast of "tomorrow's" spot
rate, so that its policy significance ought not to
be exaggerated. However, 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 forecasts, they cannot afford to ignore
the T-bill futures market."

Kenneth Froewiss analyzes another new type
of market the futures market in the financial
instruments of the Government National Mort
gage Association (GNMA). This market was in
augurated in late 1975 by the Chicago Board of
Trade, but it is the result of several earlier devel
opments dating back to the late 1960's. The first
was the mortgage industry's attempt to devise a
hedging mechanism to protect itself from unfore
seen interest-rate fluctuations. The second was
GNMA's introduction of a new - the
pass-through certificate - to attract more inves
tors to the housing market.

Froewiss' empirical results suggest that the
GNMA spot market has its
mance in the period since futures began
in those securities. "The spot market has become
more efficient in processing new information; it
has shown less purely random variability;
and it has become more closely integrated with
the rest of the bond market. Futures trading is
not necessarily responsible for any of those bene-
ficial developments, but it has not had a
destabilizing effect on prices of
GNMA certificates.

Froewiss argues that these conclusions have a
wider reference than to the GNMA market
alone. Financial futures markets are still in their



infancy, so that more and more of them are likely
to be established. "The results of this study of
GNMA futures suggest that we have nothing to
fear and potentially much to gain from the fur
ther development of these markets."

Michael Gorham, in a third paper, discusses
the development of information in commodity
markets. Most market participants rely upon
some source or sources of information to enhance
their decision-making abilities, obtaining this in
formation from both the public and private sec
tors. Gorham explores the relationship between
public- and private-market information, with
particular emphasis on a specific market with a
large component of public-sector information 
the market for agricultural commodities.

Gorham shows how public information both
destroys and creates opportunities for providers
of private-sector information. He then measures
the private sector's response to these new oppor
tunities in the case of three major agricultural
commodities with highly-developed spot and fu
tures markets. His analysis indicates that pri
vate-information sources correctly forecast
public-sector announcements for soybeans, but
not for corn and wheat.

For technical reasons, the quality of both types
of information generally improves during each
individual crop year. However, over longer per
iods, public-sector information has improved in
quality, whereas the private sector's forecasting
ability has lagged behind. Gorham does not find
this surprising. "The public sector, unlike the pri
vate sector, is not constrained by considerations
of profitability when adopting improved methods
of forecasting or expanding its survey activities

although of course it is subject to certain bud
get constraints." The U.S. Department of Agri
culture thus has been better situated than the
private sector to improve its forecasting ability.

Kurt Dew, in a final paper, considers the infor
mation provided by the stock market as a means
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of analyzing changes in monetary-policy behav
ior. He poses the question - "Are changes in
policy procedures only differences in style or
does monetary policy now affect the economy in
a substantially different way than it did in the
1960's?" Utilizing the theory of efficient mar
kets, he answers by saying that the Federal Re
serve's response to money growth has changed,
and as a result, the economic impact of a tempo
rary deviation of money growth from trend has
actually been reversed.

Dew makes the case that the Fed today raises
interest rates in response to undesirably rapid
money growth, whereas it did not do so in the
1960's. This change in response is revealed indi
rectly, through an analysis of the stock market's
response to the money supply. He points to evi
dence that the stock market today (unlike the
1960's) responds negatively to an increase in the
money supply. He then bolsters his conclusion
with the proposition that the stock market is an
efficient forecaster of the future economic im
pact of a change in the money supply, which im
pact in turn depends on the Federal Reserve's
policy reaction.

Dew argues that the new emphasis on the mon
etary aggregates has in fact altered the structure
of the economy, and that most econometric mod
els of the monetary-transmission process are mis
specified as a result. He questions the naive inter
pretation of the portfolio-adjustment theory
namely, that an excess demand or supply of mon
ey precedes changes in long-term interest rates
and equity values, which changes in turn influ
ence levels of real economic activity. Dew's em
pirical work instead indicates that stock prices
and interest rates primarily reflect anticipated
trend rates of money growth. "Thus, according to
a more accurate interpretation of portfolio the
ory, past rates of money growth affect current
real economic activity only if they affect fore
casts of future money growth."



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

14



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
Futures-Opportunities and Pitfalls," Federal Reserve Bank of
Dallas Review, July, 1977; Paul L. Kasriel, "Hedging Interest
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).
6. Treasury bills, of course, do not mature every day. The firm
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
each end of the sample.
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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Kenneth C. Froewiss'

On any list of the most controversial sectors of
the U.S. economy, surely futures markets, finan
cial markets, and the housing market would ap
pear near the top. The housing sector has been
the intended beneficiary of a wide variety of pub
lic programs. Financial markets have long been
subjected to a myriad of government regulations.
And futures markets have had to fight repeated
attempts to legislate them out of existence.

The Chicago Board of Trade established a
unique link among these three sectors in October
1975 when it inaugurated a futures market in the
financial instruments of the Government Na
tional Mortgage Association (GNMA). This
agency had designed its "pass-through" certifi
cates-mortgage-backed bonds guaranteed by
GNMA-in order to help the housing industry
by attracting more investors to the mortgage
market. Most economists would argue that the
institution of futures trading in G N MA certifi
cates should further that goal. Economic theory
suggests that futures trading arises in markets
characterized by large price variability and that
it helps to reduce that variability.1 By contrast,
many non-economists believe that futures trad
ing is a cause of greater price variability rather
than a response to that variability. Business
Week referred recently to " ... the charge that
futures markets themselves increase the volatil
ity of commodity prices and that speculators are
the chief culprits behind wild swings, often push
ing prices in directions that are unwarranted by
underlying economic conditions."2

If the establishment of a GNMA futures mar
ket increases the variability of GNMA spot
prices, a number of investors might find GNMA
certificates less attractive. Futures trading in
GNMA's would then be at odds with the goal of
increasing the liquidity of the mortgage mar
'Economist, Federal Reserve Bank of San Francisco. The au
thor wishes to thank Ladan Amir-Aslani for her assistance
with this study. Data were kindly provided by the Chicago
Board of Trade and the First Boston Corporation, neither of
which necessarily concurs with the views presented here.
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ket-a market in which GNMA securities are
playing an increasingly important role. At the
end of 1977, G N MA-back securities accounted
for almost $44 billion of the $650 billion out
standing debt on one-to-four-family homes.3

There have already been charges that the "ex
plosive growth" of the G N MA market has led to
speculative excesses.4 Presumably, the growth of
a futures market will encourage even more spec
ulative activity in this market. The purpose of
this article is to determine whether futures trad
ing in GNMA certificates has stabilized or de
stabilized GNMA spot prices. This question is
important to policymakers charged with aiding
the housing market as well as to those responsible
for regulating futures trading. Furthermore, the
question has implications for the other financial
futures markets now in existence: Treasury bills,
Treasury bonds, and commercial paper. The
Wall Street Journal has noted government offi
cials' concern that speculative activity in finan
cial futures could disrupt the bond market.5
Consequently, should the development of these
futures markets be encouraged or discouraged?
As in the case of the GNMA's, the answer partly
depends on the extent to which futures trading
affects spot prices.

A related and equally important policy issue is
whether banks and thrift institutions should hold
financial futures only for use in hedging activi
ties. However, this article will not attempt to ad
dress that question.

Section I discusses the motivations which led to
the development of the GNMA futures market.
Section II examines the theoretical basis for the
belief that speculation will tend to stabilize rath
er than destabilize prices. Section III presents
the results of alternative empirical tests of the ef
fect of G N MA futures on the spot market. Sec
tion IV summarizes the principal findings, which
support the position that futures trading has had,
if anything, a stabilizing influence on the spot
prices of GNMA certificates.



I. Development of the GNMA Futures Market

The G N MA futures market is the result of two
separate developments, both dating back to the
late 1960's. The first was the mortgage industry's
attempt to devise a hedging mechanism to pro
tect itself from unforeseen interest-rate fluctu
ations. The second was GNMA's introduction of
a new security to attract more investors to the
housing market.

Mortgage hedging6

The possibility of unforeseen price changes
makes holding inventories of any good a risky
business. Since many people are willing to pay a
price to exchange risk for certainty, organized
futures markets exist so that holders of inven
tories can hedge against the risks of price
changes.! For example, when a warehouse pur
chases grain, it may simultaneously enter into a
futures contract to lock in the price at which it
can sell that grain at a later date.

Until the 1960's, futures trading in the United
States was concentrated in grains and the soy
bean complex. But during the next decade, fu
tures contracts were added in a number of other
"commodities," ranging from plywood to pork
bellies. And just when the exchanges began look
ing for new markets to enter, real-estate investors
began discussing the feasibility of a futures mar
ket to hedge against interest-rate risk.

Actually, economists at a much earlier time
had used the analogy between the markets for fi
nancial instruments of varying maturities and
the commodity futures markets to explain the
term structure of interest rates.S But now people
were beginning to discuss the practical problems
of setting up an interest-rate futures market.
They were motivated to do so by the sharp rise in
interest rates in 1969, and by the resulting losses
incurred by fixed-income security holders in gen
eral and by mortgage lenders in particular.

Mortgage bankers and mortgage-originating
savings-and-Ioan associations stand to lose mon
ey if interest rates rise between the time at which
they commit their funds and the time at which
they sell the mortgages. Their situation is exactly
analogous to that of the grain elevator which
temporarily holds wheat bought from farmers
before selling it to millers. The biggest difference
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between the two groups is that the latter deals in
a homogeneous commodity for which it is easy to
set standards, while the former deals in a "com
modity" (i.e., mortgages) which varies tremen
dously in quality and in exact specifications. This
lack of homogeneity among mortgages was one
of the greatest obstacles to the establishment of a
mortgage-futures market.9

GNMA certificates
At the same time that the real-estate commu

nity was attempting to find a way to hedge mort
gage-interest risks, the Government National
Mortgage Association-created by the Housing
Act of 1968 as part of the Department of Hous
ing and Urban Development-was attempting to
help the housing market by making mortgages
more attractive to all types of investors. lO Both
groups faced the same key problem: the lack of
homogeneity across mortgages. Many investors,
lacking the necessary ability to gauge the quality
of particular mortgages, tended to avoid the sec
ondary mortgage market. Individual investors
were further dissuaded by the large volume of
funds which would be '1eeded to purchase a rea
sonably well-diversified portfolio of mortgages.
As a result, the secondary mortgage market
lacked the depth of, say, the secondary govern
ment-bond market. During periods of high inter
est rates, whenever thrift institutions tried to sell
mortgages out of their portfolios to offset deposit
outflows, they were forced to accept unfavorable
terms because of the thinness of the secondary
market. In view of this problem of raising funds,
they found it difficult to continue making new
mortgage loans during tight-money periods.

The GNMA modified pass-through certifi
cates represented a means of easing this difficul
ty.11 Introduced in early 1970, these certificates
enable an individual investor to purchase a share
in a pool of FHA/VA insured mortgages, with
payment of the interest and principal guaranteed
by GNMA. The originator of the mortgages
typically a mortgage banker or savings and loan
packages them into a pool of at least $1 million
and turns them over to a custodial bank. All of
the mortgages must bear the same face rate of
interest and have roughly the same maturity



date. GNMA may then issue secunties In

amounts as small as $25,000 on the pool.
The coupon rate on the securities is 50 basis

points less than that on the underlying mort
gages. (Yield quotations on the securities are
based on the assumption of prepayment in the
12th year.) The issuer of the securities receives
44 basis points as a management fee-for col
lecting the monthly mortgage payments, "pass
ing-through" the payments to the security
holders, and for dealing with any delinquent
loans or foreclosures. Even if the issuer does not
receive all of the monthly payments due him, he
remains responsible for seeing that the security
holders get their full payments on time. (It is this
feature that gives rise to the name "modified"
pass-through security.) GNMA itself guarantees
timely payment to the security owners in the
event of a default by the issuer, for which service
it receives 6 basis points.

GNMA securities therefore have three levels
of guarantees. The underlying mortgages are all
FHA- or VA-insured. The issuer of the securities
guarantees payment of principal and interest
whether or not he receives his payments on time.
And GNMA stands behind his guarantee with
the full faith and credit of the U.S. Government.
Thus, GNMA securities allow an investor with
no specialized knowledge of mortgages to par
ticipate in the secondary mortgage market with
virtually no fear of default risk.

Forwards and futures
The introduction of GNMA certificates not

only helped to broaden the secondary mortgage
market; it also suggested a solution to the prob
lem faced by those attempting to create a mort
gage futures market. Rather than deal directly in
mortgages, market participants might trade
GN MA securities of some designated denomina
tion. Indeed, several years before the approval of
organized futures trading, the market developed
informal forward trading in GNMA securities. 12

Forward trading and futures trading are not
the same thing, despite a number of similarities.
Whenever two people agree now to the terms of a
transaction which will take place sometime later,
forward trading can be said to exist. For exam
ple, when a mortgage banker begins the months
long process of assembling a pool of mortgages
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for conversion into a GNMA certificate, he
might negotiate with, say a life insurance com
pany regarding the price at which he will sell that
security at some specified future date. Such for
ward contracts became increasingly common as
mortgage lenders attempted to hedge against in
terest-rate risk-but they did not constitute a fu
tures market.

A forward contract is an agreement between
two individuals, tailored to their particular
needs. A futures contract is a standardized
agreement, traded on an organized exchange, in
which the exchange itself is the opposite party in
every contract. Telser and Higinbotham express
the difference as follows:

"In a forward contract, the actual identity
of the buyer and seller is important. Nei
ther has recourse in case of dispute to a
third party other than a court of law. The
validity of the forward contract depends on
the good faith of the two parties them
selves. A futures contract has a third party,
the organized exchange or its designated
representative, that guarantees the validity
of the contract and will enforce the
terms."13

With contracts standardized and with the en
tire exchange standing behind each agreement,
futures contracts are much more liquid instru
ments than forward contracts. As a result, the
transactions costs involved in divesting oneself of
a futures contract are generally less than for a
forward contract. The greater expense of finding
a buyer for an individually-tailored forward con
tract tends to limit the sale of such contracts to
individuals who actually plan to take physical
possession of the underlying commodity. But fu
tures-market participants also include a large
number of speculators who are willing to incur
the price risks of buying and selling futures con
tracts but who never want to take or to make de
livery. Because of the presence of these
speculators, futures markets have a greater
breadth than forward markets, with consequent
expanded possibilities for hedging.

Nonetheless, futures markets often evolve out
of forward markets. In the case of GNMA secu
rities, this evolutionary process was aided by the
passage of the Commodity Futures Trading



Commission Act of 1975, which provided the le
gal basis for the establishment of a formal inter
est-rate futures market. In October of that year,
trading in GNMA futures contracts began on
the Chicago Board of Trade.

Each contract confers the right to buy or sell a
GNMA certificate with $100,000 in principal
balance and an 8-percent coupon at some speci
fied future date. (Actual delivery may be made
using certificates with another coupon rate, in
which case the principal balance is adjusted ac
cordingly.) It is currently possible to enter into
contracts up to almost three years into the future.

Trading in GN MA futures has grown very rap
idly. In 1977, over 422,000 contracts changed
hands, compared to less than 129,000 during
1976, the first full year of trading. Open interest
in GNMA futures (the number of contracts out
standing) rose to almost 21,000 by the end of

1977, over four times the level of a year earlier. 14

But the futures market, not surprisingly, has by
no means replaced the forward market. The two
markets typically coexist during the early stages
of development of a futures market, and they
may coexist indefinitely.

A number of recent articles have described
how the GNMA futures contract may be used
for hedging. 15 The question here, however, is not
the usefulness of GNMA futures to individual
hedgers, but rather the impact-if any-of fu
tures trading on the spot market. Has the futures
market been "too successful" in attracting specu
lators, so that they, rather than hedgers, domi
nate the setting of futures prices? To determine
how much truth there is in that popular fear, let
us take a look, first, at the economic theory of
speculation, and second, at the empirical evi
dence in the case of GNMA futures.

II. The Economics of Speculation

Basically, although speculation usually occurs
in markets characterized by a relatively large
amount of price variability, it is the result not the
cause of that variability. This view was succinct
ly expressed by John Stuart Mill over a century
ago:

"These dealers [speculators] naturally
buying things when they are cheapest, and
storing them up to be brought again into
the market when the price has become un
usually high; the tendency of this operation
is to equalize price, or at least to moderate
its inequalities... Speculators, therefore,
have a highly useful office in the economy
of society; and (contrary to common opin
ion) the most useful portion of the class are
those who speculate in commodities affect
ed by the vissicitudes of the seasons."16

Speculation, of course, can occur apart from
the existence of futures markets. In the above
quote, Mill described the behavior of speculators
who deal only in the spot market. But as we noted
earlier, organized futures trading tends to en
courage speculation. Speculation in futures mar
kets can be carried out without any need to
handle the commodities involved. Moreover,
transactions costs in futures markets are very
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low, and capital requirements are small-at least
compared with the costs of actually purchasing
goods on the spot market and holding them in in
ventory.

Consequently, if speculation is socially benefi
cial, and if futures markets lead to more specula
tion than would otherwise occur, we may
conclude that futures markets are useful to soci
ety as a whole, over and above their benefits to
individual hedgers. Furthermore, their existence
may help to reduce price fluctuations in ways
other than those described by Mill. They may do
so by improving inventory and production deci
sions-specifically, by providing information on
the likely course of prices in months to come. 17

Holbrook Working has gone so far as to say that,
"Today, the fact that futures trading provides
central market prices established in open com
petitive bargaining may deserve to be regarded
as the chief merit of futures markets from the

standpoint." 18

what if speculators forecast badly? Might
they not then affect prices perversely, increasing
their variability and reducing their usefulness as
a source of information to direct the allocation of
resources? Milton Friedman, in an often-quoted
passage dealing with foreign-exchange specula-



tion but applicable to any commodity, argued
that any such tendencies could not persist for
long:

"People who argue that speculation is gen
erally destabilizing seldom realize that this
is largely equivalent to saying that specula
tors lose money, since speculation can be
destabilizing in general only if speculators
on the average sell when the currency is low
and buy when it is high."19

Presumably, such speculators would be speedily
eliminated from the market, leaving only those
with superior foresight.

However, Friedman was careful to add a quali
fication, which is less often quoted: "A warning is
perhaps in order that this is a simplified general
ization on a complex problem."20 Friedman him
self conceded the possibility, earlier suggested by
Kaldor, that destabilizing speculation might per
sist if a small body of professional speculators
made money while a continually changing group
of amateurs regularly lost larger sums. The suc
cessful speculators would still be the ones with
superior foresight, but they would use their fore
casting skills to predict the psychology of other
speculators. As Kaldor argued:

"In such circumstances, even if speculation
as a whole is attended by a net loss, rather
than a net gain, this will not prove, even in
the long run, self-corrective. For the losses
of a floating population of unsuccessful
speculators will be sufficient to maintain

permanently a small body of successful
speculators; and the existence of this body
of successful speculators will be a sufficient
attraction to secure a permanent supply of
this floating population."21

In Kaldor's scenario, it is profitable for profes
sional speculators to act in a destabilizing man
ner-buying even when they consider prices to
be too high in terms of non-speculative underly
ing trends-as long as they believe that they will
be able to sell at even higher prices to other spec
ulators. When the psychology of the market
changes, the hapless amateurs are left with the
goods, which they must sell at a loss. These un
successful speculators are then eliminated from
the market, but a fresh group is always available
to support the next speculative boom.

Other economists have also attempted to argue
that destabilizing speculation can be profitable.22

But the possibility described by Kaldor, in which
speculators devote their efforts to outwitting
each other, probably best accords with the popu
lar suspicions about futures markets. These sus
picions are buttressed by what Abba Lerner
refers to as "... the hostility which people who
have to work hard for their living often develop
against the mysterious gains that speculators
make in offices while dealing in goods which they
would not even recognize. "23 Let us consider
whether, in the specific case of GNMA futures,
there is any factual basis for this anti-speculative
attitude.

III. Empirical Evidence

Statistical tests for the effects of GNMA fu
tures trading on GNMA spot prices face a fun
damental limitation. We may be able to
determine whether the behavior of spot prices
has been different (in some suitably-defined
way) since the start of futures trading, but we
may never be able to ascribe such differences
definitely to the existence of a futures mar
They may merely reflect any of a numbe
changes which have occurred in the economy
since futures trading began.

This problem is, of course, common to many
economic studies, but it is particularly trouble-
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some in the present context. Since October 20,
1975-the beginning of GNMA futures trad
ing-the course of the U.S. economy in general
and of financial markets in particular has
changed considerably from what went before.
But in addition, the GNMA pass-through is it
self a relatively new financial instrument, so that
the development of the GNMA futures market
has coincided with the maturation of the GNMA
spot market. As a result, any claims that changes
in the spot market were caused by the establish
ment of a futures market would have to be ac
companied by even more than the usual
qualifications.



Graphic analysis
With those warnings in mind, let us analyze the

actual behavior of spot GNMA prices during the
periods before and after futures trading began.
(Chart I. Incidentally, the months immediately
surrounding the start of futures trading have
been omitted to remove any transitory distur
bances associated with the opening of the new
market.) Clearly, the average level of GNM.A.
prices has been higher, and the variability about
that average has been lower, since futures trad
ing began. But it would surely be wrong to attri
bute those spot-market changes primarily to the
futures market.

The broad movements in the level of spot prices
are more reasonably explained as the normal
market response to changes in the prices of long
term debt instruments which substitute for
GNMA's in investor portfolios. Indeed, recent
prices of GNMA's have roughly paralleled the
prices of long-term government bonds. However,
while it would be wrong to attribute the reduced
variability in the level of GNMA spot prices to
futures trading, it would similarly be unfair to

blame futures trading for the wider swings in
spot prices which would undoubtedly accompany
another period of widespread greater variability
in bond prices. The effects of futures trading
for good or ill-must be sought elsewhere.

One likely place to look would be the behavior
of the changes in spot prices. Thus, while the
overall trend in spot GNMA prices will be domi-
nated by the overall movements in bond prices,
futures trading might reduce the short-run vari
ability in spot prices about that trend. It could do
this by providing market participants with more
information, in the form of instantly available
price quotations on futures contracts, deter
mined through competitive bidding in a central
ized market. Armed with this additional
information, investors in the spot market should
be able to move prices more rapidly to their equi
librium values, thereby reducing the purely ran
dom movement in those prices.

An examination of the first differences in the
weekly GNMA price series appears to bear out
this hypothesis (Chart 2). The variability of the
differences has declined markedly since the com-
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mencementof futures trading, especially when
the sharp price movements of January 1977 are
excluded. The graphical evidence, then, suggests
that futures trading inGNMA's may have re
duced the random variability in spot prices. But

before drawing this conclusion, we should test
statistically to determine whether the reduction
in·. the week-to-week movements inGNMA
prices again merely parallels a more <general
market trend.

Table 1
Responsiveness of GNMA Prices to Changes

in Bond-Market Prices

Sample Period

May 30, 1973

December 28, 1977

May 30, 1973

October 15, 1975

October 22,1975

December 28, 1977

Percentage Change in

Government Bond Prices

0.646

(15.1 )

0.637

(8.97)

0.658

(16.7)

Standard

Error

0.00541

0.00709

0.00302

Durbin

Watson

1.65

2.37

(Numbers in parentheses are t-statistics. None of the constant terms were significant, and were therefore not reported.)

Regression results
Our test involves regressing the weekly per

centage changes in spot GNMA prices on the
weekly percentage changes in the prices of ten
year U.S. Government bonds, which serve as a

proxy for "the bond market." (The ten-year ma
turity was chosen because it approximates that of
GNMA certificates, which are usually assumed
to have an average life of 12 years.)24 The coeffi-
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cient of the latter variable provides a measure of
the variability of GNMA prices relative to the
variability of bond prices generally. If the coeffi
cient rises significantly after the beginning of fu
tures trading, one could argue that futures
trading tends to destabilize spot prices, increas
ing their relative variability and hence making
GNMA's a riskier asset.25

The coefficient on the market index appears
roughly constant in both the period before and
the period after the beginning of futures trading.
The standard F-test for the equality of coefi
cients confirms this impression (at the five-per
cent level of significance).26 Therefore, the
evidence in Table I suggests that futures trading
has not made GNMA's more risky.

The standard error of the regression was much
smaller in the second sub-period than in the first.
Again, this impression is supported by the appro
priate F-test, which indicates that (at the one
percent level) the standard error is significantly
less in the later period.27 Since a greater propor
tion of the week-to-week variance in GNMA
prices can be explained by the movement of other
bond-market prices following the start of futures
trading, it appears that the GNMA market has
become more integrated over time with the rest
of the capital market.

of the random movements around the systematic
trend. The time-series approach seeks to explain
the systematic component of GNMA prices sole
ly in terms of the past history of those prices.

An analysis of the autocorrelation structure of
GNMA spot prices suggests that the series could
be adequately represented as a second-order au
toregressive process, i.e., current prices can be
explained by the prices of last week-GNMA
(-I)-and the week before-GNMA (-2)
plus a constant term (Table 2).

As in Table I, F-tests indicate no statistically
significant difference (at the five-percent level)
between the coefficients in the two sub-periods,
but they indicate a sigificantly smaller standard
error of the regression in the second period (at
the one-percent level).29 We can thus infer that
the systematic movements ofGNMA prices have
followed the same pattern in the period after as
in the period before futures trading-as evi
denced by the unchanged coefficients-but that
the random fluctuations in spot prices have been
reduced significantly.

In a final test, we regress the percentage week
ly change in spot prices on the previous week's
percentage change (Table 3). In this case, the co
efficient on the lagged percentage price change is
significant on the first sub-period but not in the
second. In other words, a knowledge of how
GNMA prices moved last week no longer con-

Time-series analysis tains useful information as to how they will move
As a check on these regression results, a Box- this week. All new information affecting GNMA

Jenkins analysis was utilized to measure the im- prices is rapidly incorporated into the current
pact of GNMA futures trading.28 As above, it is market price rather than absorbed by the market
assumed that futures trading has a negligible im- slowly over several weeks. In the language of
pact on the level of GNMA prices-broad mar- capital-market theory, the GNMA market has
ket forces cause the systematic movements in the become more "efficient" since futures trading
spot price, but futures trading can affect the size began. 30

Table 2
Time Series Analysis of Spot GNMA Prices

Sample Period

May 30, 1973

December 28, 1977

May 30, 1973

October 15, 1975

October 22, 1975

December 28, 1977

(Numbers in parentheses are t-statistics.)

Constant

3.48

(2.44)

4.06

( 1.98)

6.26

(2.24)

GNMA

1.20

(18.5)

1.22

(13.1 )

1.07

(11.6)

27

GNMA(-2)

-0.238

(-3.70)

-0.261

(-2.84)

-0.139

(-1.54)

Standard

Error

0.707

0.844

0.526

Durbin

Watson

2.05

2.05

2.06



Table 3
Time Series Analysis of

Percentage Weekly Change in GNMA Prices

Sample Period

May 30, 1973

December 28, 1977

May 30, 1973

October! 5, ! 975

October 22, 1975

December 28, 1977

(Numbers in parentheses are t-statistics.)

lagged Percentage Standard

Constant Change in Price Error

-0.00016 0.224 0.0075

(-0.32) (3.46)

-0.00053 0.246 0.0091

(-0.61) (2.66)

0.00024 0.153 0.0056

(0.47) ( 1.66)

Durbin

Watson

2.04

2.03

2.04

IV. Summary and Conclusions

The empirical results presented in this paper
all suggest that the GNMA spot market has im
proved its performance in the period since fu
tures trading began in those securities. The spot
market has become more efficient in processing
new information; it has shown less purely ran
dom price variability; and it has become more
closely integrated with the rest of the bond mar
ket. It is impossible to say with certainty how re
sponsible futures trading has been for any of
these beneficial deveiopments. But it seems clear

that futures trading in GNMA certificates has
not had a destabilizing effect on spot market
prices.

The significance of this conclusion extends be
yond the GNMA market. Financial futures mar
kets are still in their infancy. Proposals for still
more of them are constantly being made. The re
sults of this study of GNMA futures suggests
that we have nothing to fear and potentiaiiy
much to gain from the further development of
these markets.
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Michael Gorham'

When we examine the decision-making of par
ticipants in any market, we see that most partici
pants rely upon some source or sources of
information to enhance the value of their deci
sions. We also notice that relevant information in
many markets is available from both the public
and the private sector. The public/private infor
mation mix varies widely over markets. In some,
such as the markets for air conditioners, shoes,
calculators and pre-EPA automobiles, there is
virtually no public-sector information. In others,
such as the markets for labor, financial instru
ments and agricultural commodities, the public
sector plays a very large role.

The purpose of this paper is to explore the rela-

tionship between public- and private-market in
formation, with particular emphasis on a specific
market with a large component of public-sector
information-the market for agricultural com
modities. First, we show how public information
both destroys and creates opportunities for pro
viders of private-sector information. We then
measure the private sector's response to these
new opportunites in the case of three major agri
cultural commodities with highly-developed spot
and futures markets. Our analysis indicates that
private-information sources correctly forecast
public-sector announcements for soybeans, but
do not do so for corn and wheat.

I. Relationship Between Public and Private Sector Information

In order to discuss the interaction of public and
private information, it is useful to construct a
model of an information sector. In doing so, how
ever, it is not necessary that all the real-world cir
cumstances be exactly duplicated. Basically, the
model involves the development of a commodity
market, the emergence of private firms supplying
information to market participants, and the en
try of public-sector information providers-due
to the public sector's belief that an inadequate
supply of information is available from the pri
vate sector. Finally, the model includes a read
justment by private firms to the new presence of
the public sector.

Private-sector entry
A market for a particular commodity or com

modity group emerges at some point in time. In
developing countries, this may happen when a

*Economist, Federal Reserve Bank of San Francisco. The au
thor gratefully acknowledges the research assistance of Pat
Weber.
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commodity emerges from the traditional world
of subsistence agriculture and is bought and sold
in the market. In developed economies, this may
happen when a new commodity or service is cre
ated, such as microwave ovens, calculators, stock
options or kiwi fruit.

As a market emerges, so too do information
providers. In some cases, market participants
may conduct their own information search
through discussions with other market partici
pants; thus the information providers and the in
formation users become one and the same. This
would tend to be true of very small markets. In
other cases, a distinct set of private-sector infor
mation providers may arise. Some may simply be
existing firms which expand to cover a new mar
ket, while others may be new firms. In either
case, resources are organized to provide informa
tion to a new market when it is profitable to do
so. Private-sector information expands until the
cost of providing the last unit of information is
just equal to its price-or value, when market
participants generate their own information.



mation through surveys, the value of the infor
mation would have to exceed any inconvenience
costs before market participants would have any
incentive to request it.

Public-sector entry
This equilibrium amount of private informa

tion is provided until the public sector makes its
entry. If the public sector is assumed to aim at
maximizing social welfare, specifically with re
gard to the use of information as a public good,
then it would be likely to consider available infor
mation inadequate whenever the private sector is
left to do the job on its own. The public sector
thus would "decide" to undertake the task of cre
ating the appropriate information. 1

However, public servants may be just as inter
ested in their own survival as in social welfare. In
a democracy, high-level public servants are ei
ther elected by the populace or serve at the plea
sure of those who are so elected. If a large voting
bloc wants the public sector to provide informa
tion to some particular market, public officials
would be likely to pay attention because of their
own interest in re-election. Their willingness to
grant such requests would depend upon the vo
ting strength (or campaign support) of the inter
ests affected, but also upon their own ability to
justify to others the social subsidy involved in the
public provision of the information in question.
In the case of agriculture, the farm sector's po
litical power could be expected to generate de
mands for publicly-provided information on
commodity markets, with this situation being
justified to the rest of society on the grounds of
its contribution to a stable supply of food at sta
ble prices.

One caveat is in order. Not all participants in
all markets would benefit from the public provi
sion of market information. Some participants
who benefit from a less-than-competitive market
might suffer if broadly available information
made that market more competitive. Where free
ly-supplied market information provides a posi
tive value to market participants, those par
ticipants would have an incentive to ask for it.
But where the government obtains market infor-

Private-sector response
When government provides market informa

tion, it disrupts the equilibrium in the production
of private information. To the extent that the
free (or low-cost) government information sub
stitutes for existing private-sector information,
private providers may be forced to change their
product or to leave the business entirely. But at
the same time, new opportunities can arise from
these private firms. They can provide analysis
and prescription-in other words, translate gov
ernment statistics into specific market advice in
the form of market letters. They can also sell in
formation predicting what the next package of
government information will say. Good predic
tions are valuable to people who want to profit by
taking positions in advance of any price change
induced by the next release of government infor
mation.

This last stage could be characterized as a mar
ket with a mature information sector-one
which has reached a second stage of equilibrium
incorporating both private- and public-sector in
formation flows. With the completion of the ex
ternal shock from the public sector, any new
adjustments will probably be relatively minor.
There will always be commodity-market changes
which induce further changes in its associated in
formation sector. There will also be technologi
cal changes in the information industry itself.
These may arise from developments in theoreti
calor applied statistics, such as those which led
agricultural officials to adopt new sampling tech
niques during the early 1960's or from innova
tions in engineering, such as the remote sensing
devices which allow satellites to "photograph"
the midwestern corn crop or the Brazilian coffee
crop.

II. Information in the Market for Agricultural Commodities
The public sector probably accounts for a providing information .to these markets over a

greater share of total market information in agri- century ago: and t~e prIvate secto: has generally
culture than in any other market except finance. completed Its adjustment to thIS goverm-r:ent
And despite continuing minor changes, the infor- role. At this point, it would be usefUl. to consI~er

mation sector in agriculture can appropriately be the institutional background to the ~nformatlOn

characterized as mature. The public sector began sector associated with these commodIty markets.
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Public-sector information
The U.S. Department of Agriculture (USDA)

provides virtually all the public-sector informa
tion relevant to the nation's agricultural markets.
(However, the Department of Commerce and
the Federal Reserve provide information on re
lated economic conditions, and farm officials in
individual states generate data on local agricul
tural markets). The USDA publishes produc
tion, price and other data for all major (and
many minor) crop and livestock products. Most
of this information is available free of charge,
and it is widely used by farmers, merchants, and
other market participants.

One of the most useful USDA series is the
monthly Crop Production Report, which con
tains harvest forecasts for a number of major
crops. Early in the year, farmers are asked how
much acreage they intend to plant to each crop,
and those planting intentions are compiled for
each major crop by state. After the planting sea
son, Department representatives count the plants
growing in a systematic sample of all U.S. farms.
Because of the comprehensiveness and predictive
accuracy of these surveys, USDA announce
ments of expected crop production are generally
taken as scripture by market participants.

Private-sector information
The private sector tends to complement rather

than substitute for the public sector, reflecting
the fact that the latter already provides a vast
amount of free and high-quality information. In
the private sector, it is useful to distinguish be
tween the information that market participants
generate for sale to others in the market. Some
firms generate information in the form of market
letters and market-information services, but oth-

ers- such as large grain companies, food-pro
cessing firms, and food-brokerage firms
generate substantial amounts of internal infor
mation as a means of identifying emerging mar
ket opportunities as quickly as possible. Because
of the difficulty of measuring this type of market
information, the tests performed in the next sec
tion of this article must be indirect rather than
direct.

Private-sector firms, again, may complement
the USDA both in the collection and the analysis
of raw data. There might appear to be little op
portunity for private firms in the area of data col
lection since the USDA collects data on
practically every variable of interest to market
participants, but these firms still play an impor
tant role by filling a time gap. USDA informa
tion is published at regular intervals-weekly,
monthly, quarterly, or annually-but important
developments often occur between reporting
dates and thereby affect the profit prospects of
market participants. Some firms develop interim
estimates by conducting limited field surveys,
but most develop these estimates by evaluating
the effects of weather, disease or pest develop
ments on the most recent USDA estimates of
crop production.

Private firms similarly play an important role
by filling an analysis gap. While the USDA pro
vides some useful analysis in its Situation Re
ports, it does not usually predict price
movements, nor does it provide market partici
pants with advice on the positions they should
take in the market. This type of analysis gap is
filled by a number of market letters and services,
each of which is generally aimed at a different
audience of farmers, merchants, or speculators.

III. Measuring the Performance of the Private Information Sector
The agricultural-information sector is mature inspecting private-firms' actual predictions. This

in the sense that it has already incorporated both is doubly fortunate because private-sector sub-
a public-sector entry and a private-sector re- scriber information is often difficult or costly to
sponse. But how successful has the private sector acquire-and frequently difficult to evaluate be-
been in filling the analysis gap and the time gap cause of being presented in qualitative rather
that remain after the public sector has done its than quantitative terms-while much other pri-
job? We cannot answer in the case of the analysis vate forecast information is simply impossible to
gap, which is not amenable to quantitative test- acquire because of being prepared only for confi-
ing, but we can make an estimate in the case of dential internal documents.
the time gap. Fortunately, we can do so without
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USDA production
estimate

Nature of test
The test consists of examining the effects of

USDA output forecasts on specific commodity
prices. If USDA announcements are fully antici
pated by market participants, they should not af
fect market prices, but if they are surprises, they
should cause prices to jump one way or the other.
Thus, from observing the movement of market
prices in response to USDA announcements, we
can infer how well the private-information sector
forecasts those announcements. (Chart 1).

The USDA typically makes monthly forecasts
of the coming harvest of wheat, corn and soy
beans from midsummer through November each
year. County surveys of crop conditions are con
ducted around the first of the month, and are
then sent to Washington and kept in a double
locked box until the compilation of the official
estimates around the tenth of the month. On that
day, compilers work behind locked and guarded
doors until the state and national totals are tabu
lated and inspected by a representative of the
Secretary of Agriculture. That individual takes
the approved report directly to the USDA press
room, where it is released immediately. In other
words, utmost secrecy surrounds the preparation
of production estimates for crops which are trad
ed heavily in commodity markets.

If the USDA were the only source of informa
tion, a unique price could be associated with any
given crop-production forecast, and prices would
change only after a monthly announcement
changed the previous forecast. In other words,
the world might look something like Chart 1. But
when other reliable information is available the

Chart 1

USDA AS SOLE SOURCE OF CROP INFORMATION

Market price

~ Announcement affect

A SON

Time (months)
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market-price path will appear more jagged dur
ing the month and the announcement effect on
prices will be more moderate. In the extreme
case, private-sector information may become so
well developed that the USDA will never offer
any surprises and the announcement effect on
prices will be zero.

In order to estimate this announcement effect,
we examine the monthly production forecasts
and associated market prices for three commod
ities (corn, wheat and soybeans) for the 1970-77
period. The announcement effect is represented
by the coefficient "b" in the following basic equa
tion:

%LlP = a + b%LlQ (I )
where %LlQ is the percentage change between
the current month and the previous month in the
USDA harvest forecast, and %LlP is the percent
age change in the market place between the day
of and the day following the announcement.
(Price is measured by the closing futures' price of
the post-harvest contract, which is December for
wheat and corn and January for soybeans.) Since
the USDA announcement is always made at 3
p.m. EST, after the close of all spot and futures
markets, this information should be fully cap
tured by the change in the price between the
close of the market on the announcement day
and the same time on the following day. Also, to
take account of the ceilings imposed on daily fu
tures' price movements, the terminal price used
in the %LlP figure is the closing price on the first
post-announcement day on which the limit was
not reached.

Some asymmetry is involved in using daily
price changes on one side of the equation and
monthly quantity changes on the other. Howev
er, an example will demonstrate the appropriate
ness of our test. Assume that a wheat-crop
forecast is made on the 10th of July, and that the
market accepts this as the best available at that
time. As the month progresses and rainfall be
comes lighter than expected, private-information
providers will adjust the July USDA forecast
downward. To the extent that this downward ad
justment is off the mark and the market is sur
prised by the new USDA forecast of August 10,
the surprise will show up only in the August 11
price change. Thus, since we are simply trying to
estimate the degree to which the market is sur-



prised by the USDA forecast adjustment, this
test is appropriate. If, on the other hand, we were
trying to estimate an elasticity of demand, we
would need to use the same time period for both
price and quantity, and the test used here would
not be appropriate.

A recent unpublished paper by Pearson and
Houck2 uses a non-parametric chi-square test to
examine the hypothesis of an inverse relationship
between USDA forecast adjustments and associ
ated market-price changes. For the 1963-75 peri
od, they found that forecast changes and market
prices moved in opposite directions for corn, soy
beans, and spring wheat, but not for winter
wheat. The current paper extends the Pearson
and Houck tests by 1) using regression analysis
for estimating the magnitude of the announce
ment effect, 2) expanding the sample period
from 12 to 28 years, and 3) testing for changes in
the announcement effect through the crop season
and over time.

Announcement effect?
We obtain the following results from estimat

ing Equation 1 (t values in parenthesis):

%LlPs = -.632 -.004% Soybeans R2 = .000
(2.43) (0.05) DW = 1.97

SER = 2.36
n = 84

changes in the corn harvest. Note that while the
magnitude of the announcement effect is roughly
the same for wheat and corn, the effect for corn is
much more statistically significant.3

Much of this difference can· be explained by
technical differences among crops. Soybeans are
a very hardy crop, so that month-to-month
changes in temperature and rainfall affect yields
to a relativeiy minor extent. Corn and, to a lesser
extent, wheat yields are much more affected by
environmental changes. In fact, the variability of
soybean yields is roughly only half that of corn or
wheat (Table 1). The ranking of the crops by
variability of yield parallels their ranking by the
private sector's output-forecasting performance,
which suggests that the technical difficulty of the
task is the primary factor determining the pri
vate sector's ability to forecast changes in USDA
estimates.

Table 1
Per-Acre Crop Yields, 1966-76a)

(Bushels per Acre)

Coefficient
Standard of

Mean Deviation Variation

Soybeans 25.52 1.83 .072

Wheat 27.94 3.36 120

Corn 75.12 12.71 .169

While the explanatory value of the equations is
quite low, all of the coefficients carry the expect
ed sign, which implies that price moves in the op
posite direction from quantity. However, the
relationship is highly significant only for corn,
while it is weakly significant for wheat and essen
tially zero for soybeans. This suggests that the
private market does a very good job anticipating
changes in the soybean forecast, a somewhat
poorer job anticipating changes in the wheat har
vest and a considerably poorer job in anticipating

%LlPw = .028 -.202% Wheat
(0.10) (1.56)

%LlPc = .078 -.236% Corn
(0.31) (3.01)

R2 = .029
DW = 2.07

SER = 2.48
n = 84

R2 = .079
DW = 1.68

SER = 2.60
n = 107
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a) Yield data taken from USDA. Agricultural Statistics
1977

Variation over crop season
As the crop season progresses, the uncertainty

associated with crop estimates decreases. Crop
production estimates are based upon: 1) an esti
mate of planted acreage, and 2) an estimate of
yield per acre. While good acreage estimates can
be obtained early in the season, initial yield esti
mates are subject to change during the course of
the season. As the season progresses, yield esti
mates involve fewer assumptions and therefore
become less uncertain. Consequently, both the
public and private sectors should do a better fore
casting job as the season progresses. Indeed,
throughout the past 28 years, the accuracy of the
USDA forecast improved and the variation in
the forecast error fell as the season advanced.
(Table 2).



Forecast/post-harvest estimate

July August Sept. Oct. NOli.

Table 2
Accuracy of and Variation in

USDA Forecast, 1950-77

Soybeans .990 .996 .997 .997

Wheat .993 .996 .999 .999 .999

Corn 1.031 1.032 1.035 1.040

Variation in Forecast Errora

Soybeans .080 .043 .034 .027

Wheat .044 .023 .010 .016 .016

Corn .084 .077 .076 .077

While summary statistics similar to those in
Table 2 cannot be constructed for private-sector
forecasts (for reasons explained above), the pri
vate sector's improvement through the crop sea
son can be measured in an indirect fashion. If
this sector improves its forecast at roughly the
same rate as the public sector we would expect to
find no systemetic change in the announcement
effect over the crop season. If, on the other hand,
it lags behind the public sector's performance, we
would expect to find an increasingly significant
announcement effect over the crop season.

To test this hypothesis, we estimated Equation
I separately for each monthly change. For exam
ple, the announcement effect for the July/ Au
gust change in the corn forecast, estimated with

1950·56 1957-63 1964-70 1971-77

Soybeans .076 .037 .033 .042

Wheat .037 .025 .024 .022

Corn .137 .075 .054 .043

Table 4
Variation in the USDA Forecast Error

Through Time, 1950-77a

the 28 annual observations, can be seen in the up
per right hand corner of Table 3. Altogether, no
consistent increase or decrease in the announce
ment effect is apparent over the crop season. This
suggests that the private sector does indeed im
prove its forecasts at roughly the same rate as the
private sector. However, since forecast improve
ments over the crop season are due almost exclu
sively to an easier forecasting environment, it
might be expected that all forecasters would find
themselves improving at about the same rate.

Vari.ation over ti.me
The USDA has taken a number of steps to im

prove the accuracy of its forecasts, and these
measures have led to a gradually improved fore
cast ever since 1929.4 Even within the shorter
1950 to 1977 period under consideration in this
paper, the accuracy of USDA forecasts has im
proved considerably, as is evident from the
shrinking variation in the forecast error dis
played in Table 4. The only exception is a decline
in the forecasting accuracy for soybeans as we
move from the late 1960's into the commodity
turbulent early 1970's.

~ ~ (forecasti-final )2
m i = I final

a) Measure of variation =

Table 3
Announcement Effect As

Crop Season Progressesa
Month of
Change Soybeans Wheat Corn

July/Aug. c -.218 (I.I -.061 (0.99)

Aug./Sept. -.011 (0.12) 186 (0.78) -.443 (2.16)

Sept./Oct. -.051 (0.25) -.935 (0.77) +.028 (0.18)

Oct./Nov. -.008 (0.03) d - .550 (2.85)

a) Announcement effects are estimates of "b" in Equation I.
calculated for each crop and for each monthly change.
Each estimate is based upon 28 observations for the 28
years of the sample.

b) t·values in parentheses
c) No soybean-crop estimate prepared for July.
d) October/November changes were too small to use for es

timation.

a) Measure of variation used here is the same as that in
Table 2.

But has the private sector kept pace with these
public-sector improvements? In a test similar to
the one above, Equation I was estimated for each
of four 7-year periods, with the results reported
in Table 5. With only a single exception, the an
nouncement effect grew increasingly larger and
more significant over time-that is, market par
ticipants became increasingly surprised over
time. This suggests that the private sector lagged
behind the public sector in improving its forecast.

This might have been expected. Unlike the
forecast improvement over the crop season,
which is attributable to environmental changes,
improvements over time are generally attribut-
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able to actions taken by the forecasting agent it
self. Because some improvements may be too
costly to be adopted by private firms (since they
may not stimulate a commensurate rise in rev
enues), the public sector adoption of such im
provements would tend to enhance its forecast
accuracy relative to the private sector. Examples
might be a move to larger sampling frames or
more intensive physical counts within each
frame. Thus, due to the profitability constraint in
the private sector, a well-endowed public sector
agency like the USDA might be expected to im
prove its forcastsat a more rapid rate than the
private sector, thus generating larger announce
ment effects over time. (A more formal and tech
nical presentation of this interpretation can be
found in the Appendix.)

Table 5
Announcement Effect Over Timea

Period Soybeans Wheat Corn

1950-56 .021 (0.45) .003 (0.08)b -.017 (0.31)

1957-63 -.134 (1.34) -.016 (0.31) -.147 (1.45)

1964-70 -.315 (2.31) -.198 (1.27) -.229 (2.14)

1971-77 .214 (0.63) -.972 (1.63) - .918 (2.60)

a) Announcement effects are estinlates of "b" in Equation i
for each crop, for each of four time periods. Corn equa
tions are based upon 35 observations (5 months x 7 years);
wheat and soybean equations are based upon 28 observa
tions (4 months x 7 years).

b) t-values in parenthesis

IV. Conclusion

This paper was designed to explore the rela
tionship between the provision of public and pri
vate information to participants in commodity
markets. We emphasized particularly the market
for agricultural commodities, since this is a mar
ket with a large component of public-sector in
formation.

Whenever public information is considered re
liable, its release would be expected to have a sig
nificant impact on the market. However, market
participants have an obvious incentive to predict
such public announcements, since this is equiv
alent to predicting a movement in prices. In a
mature information sector, private information
providers would become fairly adept at making
such predictions, so that we would expect to find
a fairly weak public-announcement effect. In our
test, however, we found that the private informa
tion sector did a good job of prediction only for

soybeans. Corn and, to a lesser extent, wheat still
have significant announcement effects.

For technical reasons, public-sector informa
tion generally improves in quality over the crop
season-and the same appears to be true for pri
vate-sector performance. However, over time,
public-sector information has improved in qual
ity, whereas the private sector's forecasting abili
ty has lagged behind.

This should not be too surprising. The public
sector, unlike the private sector, is not con
strained by considerations of profitability when
adopting improved methods of forecasting or ex
panding its survey activities-although of course
it is subject to certain budget constraints. Thus,
in response to constituents and other pressures,
the USDA has been able to improve its forecast
ing ability more rapidly than has the private
sector.

APPENDIX
The notion that an increasing announcement

effect suggests that the private sector lags the
public sector in increasing its forecast accuracy
has some intuitive appeal. However, a more for
mal demonstration of the conditions under which
diverging forecast accuracy leads to increased
announcement effects would make such a notion
more plausible.

Let G and P represent the forecast error of the
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government and private sector respectively. Fur
thermore, let the government error be written as
a function of both the private sector error (to the
extent that both sectors make the same types of
mistakes) and its own unique source of error, E,
such that:

1) G = aP + E

where a > 0 to reflect the fact that both private



and public tend to make errors in the same direc
tion, and both E and P have zero mean and some
positive variance, a~ and a~ respectively. As
sume further that the covariance between P and
E is zero and that a is independent of both a~ and
a~. Now, the variance of the government error
can be written as a function of the variance of the
private error and the independent government

eHor 2) a2 = a2a2 + a2
G P E

Let us take the case where the errors initially
have the same variance and then the variance of
the government error falls, while the variance of
the private error remains unchanged. There are
two ways in which the variance of the govern
ment error can decline according to equation 2.
Either "a" could fall which would mean that the
government began to rely less on the methods or
data it shared with the private sector, or a~ could
fall because of increased public sector reliance on
better techniques or data not available to the pri
vate sector.

The announcement effect could either increase
or decrease depending upon which of these two
factors, a or <T~, was responsible for the accuracy
of the government forecast. Since the size of the
announcement effect depends upon the expected
difference between the two errors, let us write the
square of that expected difference as

3) E(P-G)2 = (a-I)2<T2 + a2
P E

Clearly, if the government increases its accuracy
by reducing the variance of the error unique to
the government, i.e., a~, then the expected dif
ference expressed in equation 3 will also fall and
the announcement effect will decrease. If, on the
other hand, government accuracy increases be
cause it improves on a technique used by both
sectors (while the private sector does not make
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the improvement), then "a" falls. Note that 0 <
a < 1 since we assumed (1) that government and
private errors were positively correlated which
implies a > 0 and (2) that initially a~ = ab,
which from equation 2 implies that a < 1. Now,
as a positive "a" approaches zero, the expected
difference in equation 3 grows and, thus, the an
nouncement effect grows larger.

So, it is only an increase in government accura
cy via a fall in "a" that is consistent with our in
terpretation in this paper. The question then
becomes whether the actual source of increased
USDA accuracy has been a fall in <T~ or a. For
one thing, private forecasters can sell their fore
casts partly on the basis that they are good fore
casts of yet-to-be-announced USDA forecasts,
thus allowing subscribers to take advantageous
market positions. This creates an incentive for
private forecasters to behave in a manner .that
keeps "a" as close to I and E as close to zero as
possible (in equation I). To the extent that they
are successful in this and that there is little E and
a lot of "a" for the public sector to reduce, most
of the reduction in the variance of the public sec
tor forecast would likely come from reductions in
a. Futhermore, the government forecasts are
based upon surveys of farms, while the private
sector forecasts are based both upon farm sur
veys and the integration of secondary informa
tion on weather conditions, random media
coverage of the farm sector and so on. To the ex
tent that USDA expands the size or quality of its
farm surveys beyond that allowed by profitabil
ity considerations in the private sector, this re
presents a fall in "a" and an increased
announcement effect. This is probably more
typical of what has taken place over the past sev
eral decades. (Note: This treatment was suggest
ed by Patrick Weber.)



1.• Apub'ic gOod is one. whose cost of production isun<lffect
edbythe number ofpeople who consume it. This is to be distin
guished from a collective good, which (once produced) is
automatically consumed bY ali. (Public safety is. a collective
good.) Information, per se, is a pure public good, since the cost
of creating it is the s"mewhelheritis uSl>d by one or by "million
people. (Nolethat Whill> the me"sage is a public good,the medi
um-book, pamphlet or magazine__isa private good.) The
problem with a public good is th<lt the private sector will not
price it at the m<lrginal cost of production-which is zero since
adding a new consumer costs nothing-but will r"ther charge
sOl11e price ""hiGh will Gover fiXl>dGostsand allo\Na pr()fil,ll is
gener<llly recognized that this is not'optimal, because (once pro
ducl>d) the information can be provided to. additional people 
i.e. social welf<lre can be incre<lsed-at no additional GOst.
While this suggests that government intervention may make so·
cietybetter off, it is by no means clear that it would.

The private sector can come fairly close to providing the opti
mal amount of information if it C<ln charge each consumer a price
equal to the value of the information to him or, more realistically,
if the cosf of creating the information becomes very small rela
tive to the cost of disseminating it. In the latter case, the portion
of the price attributable to the public good (the message) ap
proaches the optimal level of zero, while the bulk of the price
charged to the consumer is the price at the private good (the
medium). In the case of paperback books, information costs are
low relative to dissemination costs, and thus the private sector
may be pr()viding close to the optimal amount of information; in
the case of the National Income Accounts, production costs are
so great that the private sector would probably provide consid·
erably less than an optimal amount. Information on agricultural
markets probably lies somewhere between these two extremes,
but closer to the latter.

The classic article on the optimal level of a public good is Paul
Samuelson, "The Pure Theory of Public Expenditure", Review of
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Economic Studies (November 1954). A recent merging of the
public·goods and economics-of-information literature can be
found in Bruce Owen, Jack Beebe and Willard Manning, Televi
sion Economics (Lexington, Mass: Lexington Books, 1974).

2. Daniel Pearson and James P. Houck, "Price Impacts of
SRS Crop Production Reports: Corn, Soybeans, and Wheat," un
published manuscript, Department of Agriculture and Applied
Economics, University of Minnesota, April 1977.

3. The price effect of a change in the harvest forecast should
be rather sensitive to the amount of the commodity currently in
storage. The new harvest does not usually make up the total
supply, but simply adds to that supply-and price is determined
by the intersection of demand and total supply. Since stock lev
els changed considerably over the sample period, it seemed ap
propriate to control for these changes. Thus Equation 1 was
modified such that %.!.Q refers to the change in total supply,
where total supply equals July 1 stocks plus the harvest fore
cast. As might be expected, the size and significance of the co
efficients and the fit of the equations improve modestly, though
the announced effect for soybeans remains essentially zero.
The new estimated equations are:

%.lPs = .629 -.013 %.lTotal Soy R' = .003
(2.42) (0.15)

%.lPw = .020 -.356 %.lTotal Wheat R2 = .040
(0.07 (1.84)

%.lPc = .059 - .357 %.lTotal Corn R2 = .086
(0.24) (3.16)

4. A moderate improvement in USDA forecast accuracy over
the 1929-1970 period was discovered using different tech
niques than those in Table 4 by G. Gunnelson, W.D. Dobson, and
S. Pamperin, "Analysis of the Accuracy of USDA Forecasts,"
American Journal of Agricultural Economics (November
1972).



Section III argues that the new emphasis on
the monetary aggregates has in fact altered the
structure of the economy, and that most econo
metric models of the monetary-transmission pro
cess are mis-specified as a result. This section
raises questions about a naive interpretation of
the portfolio-adjustment theory of the transmis
sion of monetary policy-namely, that an excess
demand or supply of money precedes changes in

In Section II, the case is made that the Fed to
day raises interest rates in response to undesir
ably rapid money growth, whereas it did not do
so in the 1960's. This change in response is re
vealed indirectly, through an analysis of the
stock market's response to the money supply.
The conclusion is based on the evidence that the
stock market today (unlike the 1960's) responds
negatively to an increase in the money supply
and the proposition that the stock market is an
efficient forecaster of the future economic im
pact of a change in the money supply, which im
pact in turn depends on the Federal Reserve's
policy reaction.

If the Fed does respond differently, has the
change altered the structure of the national
economy in any significant way?

This article will utilize the developing theory of
efficient markets to show that the Fed's response
to growth in M I has changed, and as a result, the
economic impact of a temporary deviation of M I
from trend has actually been reversed. Section I
shows that the public record is inconclusive
about the Fed's attempts to control money. Pub
lic pronouncements of Federal Reserve officials
suggest that the monetary aggregates are more
important in the policy process now than before,
but there is no explicit evidence that the behavior
of the monetary aggregates changes policy deci
sions. Furthermore, there is no shortage of criti
cism of the Federal Reserve on the grounds that
the Fed continues to pay insufficient attention to
money.

*Economist. Federal Reserve Bank of San Francisco

Kurt Dew'
Is today's monetary policy more effective than 2.

the monetary policy of earlier decades? Since the
1960's, dramatic changes have occurred in both
monetary policy procedures and the amount of
information provided by the Federal Reserve to
Congress and the public. Still, the language of
both Fed critics and advocates is sometimes
reminiscent of an earlier time. The new proce
dures, coupled with the not-so-new debate over
policy options, raise a question: are the procedur
al changes only differences in style, or does mon
etary policy now affect the economy in a
substantially different way than it did in the
1960's?

The changes that led to the present policymak
ing approach began in 1966, when the Fed began
"paying attention to the monetary aggregates."
These procedures developed gradually between
1966 and 1975, and the interested reader may
find detailed accounts of the development in sev
eral sources [d. (2), (8), (I I)]. Finally, in
March of 1975 Congress required the Federal
Reserve to "... consult with Congress ... about the
Board of Governors' and the Federal Open Mar
ket Committee's objectives about the rate of
growth or diminution of monetary and credit ag
gregates in the upcoming twelve months." (9)
This Congressional Resolution solidified the
Fed's commitment to an approach that assigned
great importance to the behavior of various mea
sures of the quantity of money. The Federal Re
serve's new procedures have come to be called
"Practical Monetarism" by the financial press.

Was the monetary policy of the early '60's,
when the Fed did not pay explicit attention to
money, really different in economic impact from
the practical monetarism of post-I 975, or were
the changes primarily cosmetic? This question
may be subdivided:

I. Does the Fed actually respond to the behav
ior of the money stock in a way it did not in
the 1960's?
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long-term interest rates and equity values, which
changes in turn influence levels of real economic
activity. The empirical work presented here indi
cates that stock prices and interest rates primar
ily reflect anticipated trend rates of money

growth. Thus, according to a more accurate in
terpretation of portfolio theory, past rates of
money growth affect current real economic ac
tivity only if they affect forecasts of future mon
ey growth.

I. Recent History of Monetary Policy

By all accounts, the most important and most
controversial change in monetary policymaking
in the last several decades has been the increas
ing importance attributed to various measures of
money-in particular, the narrowly-defined Ml
measure (currency and demand deposits) and
the broader M2 measure (currency plus all bank
deposits except large negotiable CD's). Accord
ing to the minutes of the Federal Open Market
Committee (FOMC), that key policymaking
committee clearly has paid greater attention to
the behavior of M lover time. The first such ex
pression of interest occurred in 1966, when a
"proviso" clause was first included in the Direc
tive, the document containing the monthly
instructions from the FOMe to its operating
arm, the System Open Market Account
(SOMA). An example of a Directive with a pro
viso clause was the December 1967 Directive (4):

" ... , System open market operations until the
next meeting of the Committee shall be con
ducted with a view to moving slightly beyond
the firmer conditions that have developed in
money markets ... provided, however, that op
erations shall be modified as needed to moder
ate any apparently significant deviations of
bank credit from current expectations or any
unusual liquidity pressures. (emphasis added)"

The proviso clause was the first explicit FOMC
recognition of the need to pay attention to unan
ticipated behavior of the money and credit aggre
gates during the periods between meetings. But
even with that clause, it remained unclear exact
ly how the information on money included in the
Directive would feed into actions of the SOMA
and its Trading Desk. For several years, various
Directives mentioned growth in money and cred
it, but did not give the Desk instructions about
what to do should the aggregates go off course.

As a result of historical experience, such as the
undesirably rapid growth of money supply in the
last half of 1968, the FOMC came to place more
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emphasis on the aggregates. The February 1970
Directive, for example, put the financial commu
nity on notice that moderate growth in M 1 and
the other aggregates was an important FOMC
objective. However, the role of money in the new
procedure remained ambiguous. Thus, in his tes
timony before the Congressional Joint Economic
Committee on July 23, 1970, Chairman Burns
emphasized that changes in money growth some
times would have little effect on subsequent
FOMC decisions.

"An impression seems to have prevailed in
some quarters that the Federal Reserve had de
cided to pursue fixed target rates of growth in
the monetary aggregates on a more or less con
tinuous basis. This is a misreading of our in
tent. We believe that the nation would be ill
served by a mechanical application of mone
tary rules. We know that large, erratic, and un
predictable short-run changes often occur in
demands for money and credit. One of the im
portant functions of a central bank is to prevent
such short-run shifts from interfering with the
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smooth functioning of money and capital mar
kets. We have no intention of abandoning our
responsibilities in this area (3)."

By 1975, however, the Federal Reserve had
come to focus its stated policy intentions on the
monetary aggregates. The FOMC's quarterly
choice of growth rates for M I and M2 became an
index of FOMC policy intentions in the six to
twelve months following their selection.

The present FOMC Directive provides operat
ing instructions to the SOMA in terms of "short
term tolerance ranges," one for the M 1 and M2
monetary aggregates, and one for the Federal
funds rate. For example, in its July 19, 1977
meeting, the FOMC voted the following Direc
tive:

"Specifically at present, it [the FOMe] ex
pects the annual growth rates over the July
August period to be within the ranges of 3V2 to
7'12 percent for Ml and 6V2 to 101;2 percent for
M2. In the judgment of the Committee such
growth rates are likely to be associated with a
weekly-average Federal funds rate of about 5%
percent. If, giving approximately equal weight
to M 1 and M2, it appears that growth rates
over the two month period will deviate signifi
cantly from the midpoints of the indicated
ranges, the operational objective for the Fedral
funds rate shall be modified in an orderly fash
ion within a range of 5V2 to 53)\ percent (5)."

The SOMA's basic task is to achieve, on a
weekly average basis, the "midpoint" of the
short-term tolerance range for the Federal-funds
rate. However, the appropriate SOMA response
to unanticipated growth in the monetary aggre
gates is still not spelled out explicitly in the Di
rective, although the desirability of some
response is certainly suggested.

The lack of an explicit link in the Directive be
tween the aggregates target and the funds-rate
target, as well as occasional statements by Fed
officials, raises the question of whether the Fed
eral Reserve actually responds more than before
to unintended growth in the monetary aggre-
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gates. Former Federal Reserve insiders some
times suggest that the monetary aggregates are
not given much attention in practice. James
Pierce, former associate economist for the
FOMC, is quoted to this effect in the March 27,
1978, issue of Fortune magazine:

"...The Fed still conducts its business virtually
the same way it always has. When Congress
passed its 1975 resolution, it intended the Fed
to pay more attention to the growth of the mon
etary aggregates-Ml, M2, etc.-and less at
tention to stabilizing interest rates. Since 1975
the Fed has paid more and more lip service to
the monetary aggregates... (l0)"



II. Has the Fed's Behavior Changed?

In the economics textbooks, the Fed is de
scribed as having two options when implement
ing policy: I) control interest rates, or 2) control
the money stock. In reality, however, the second
option is not a simple one under the current insti
tutional framework. The amount of money (M 1)
is jointly determined by the Fed, the commercial
banks and the public at large. Moreover, it is
partly estimated, rather than measured, by the
Fed, so the word "control" is not quite applicable.
A better description would be to say that the Fed
has the choice either of changing interest rates,
or of not changing them, in response to unantici
pated behavior of the money stock. In this section
we argue that the Fed has recently "controlled"
the money stock to some degree-that is, the Fed
has changed its interest-rate plans in response to

unanticipated changes in M I-in ways that it
did not during the 1960's.

This argument is based upon the changes that
have occurred over time in money-stock market
relationships. Most economists agree that. the
stock-market response to M 1 is important evi
dence of M 1's impact on economic activity in
general, because the stock market is an efficient
market. That is, stock-market behavior reflects
accurate forecasts (rational expectations) of fu
ture economic activity. In the words of William
Poole, "The validity of the rational-expectations
(efficient market) hypothesis as applied to prices
in active auction markets has been extensively
tested. Numerous investigators have analyzed an
enormous amount of data using many different
statistical techniques, and no serious departure
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from the predictions of the hypothesis has been
found (12)."

According to the efficient-market hypothesis,
all relevant available information affecting a
firm's future net revenues is accurately reflected
in its current stock value. With an efficient stock
market, the market's response to a change in the
money supply occurs as soon as market partici
pants compute the economic inlpact of a change
in MI. In particular, an efficient stock market
would adjust for any change in Federal Reserve
response to M I growth.

We attempt to show here that the Federal Re
serve, under certain circumstances, is the deci
sive factor in determining the economic effects of
a given change in M I. Next, we present evidence
of a reversal, since 1970, of the stock market's
response to M 1 changes. Since that turning
point, increases in the money supply have tended
to nave negative rather than positive impacts on
stock prices. This suggests a shift over time in

both the Fed's response and the economy's re
sponse to changes in MI.

Consider the standard IS- lM model of income
determination (Chart 1). Income (Y) and inter
est rates (r) are determined by joint equilibrium
of the markets for goods and services (IS) and for
money (lM). The IS curve represents various
equilibrium combinations of interest rates and
income in the market for goods and services. The
curve is negatively sloped to indicate that house
holds and firms will purchase relatively mOre
goods and services if interest rates decline, other
things equal. The lM curve represents various
combinations of interest rates and income that
lead to equilibrium in the money market. It is
sometimes constructed with an upward slope and
sometimes horizontally, depending on the Fed's
behavior. In this case the lM curve is horizontal,
because the Fed controls interest rates over the
very short-run.

The short-run structure of the money market

Chart 4
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may be summarized by: 1) a standard money
demand function, where money demand is di
rectly proportional to nominal income and in
versely related to interest rates; and 2) a
horizontal short-term money-supply function,
where the Federal Reserve implements policy by
choosing a particular level of the Federal-funds
rate and supplying the cash necessary to main
tain this level. Chart 2 summarizes the money
market under these conditions, with equilibrium
interest rate ro and income Yo.

Consider first a policy where the Fed does not
respond to changes in the money supply. If there
were an unanticipated increase in the money sup
ply, would income be permanently higher as a re
sult? The answer depends on the source of the
increased money.

One possible source would be an upward shift
in the demand for money at old levels of income
(Chart 3). Such a change in money demand
would mean more money, an increase from Mo

to M1, but the IS-LM relationship would be un
affected and income and interest rates would be
unchanged.

A second possible source would be an increase
in money demanded due to an outward shift in
the IS curve (Chart 4). An unanticipated in
crease in money of this sort would tend to be as
sociated with higher future income. Except in
those cases where the increased quantity of mon
ey is due to an upward shift in money demand,
there is a positive probability of greater future
income with a surprise increase in money. In Ap
pendix I this proposition is demonstrated analyti
cally.

Now suppose the Fed becomes sensitive to the
behavior of money under a policy of practical
monetarism. In this situation, an unanticipated
increase in the money supply would lead the Fed
to increase its funds-rate target. But if the source
of the increased money was a shift in the IS
curve, the increase in the funds-rate target would

Chart 5
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growth will be an increase in the firm's net earn
ings. Thus, if the Fed does not respond to in
creased M I, the resulting higher income and
unchanged interest rates would lead to an in
crease in stock prices.

Next, consider the case where the Fed raises its
interest-rate targets in response to money growth
(Chart 7). Income and expected earnings would
not increase. Instead, the stock market would an
ticipate a rise in interest rates, which would tend
to raise the discount applied to future earnings
and to lower the value of stock. Thus, efficient
market-determined stock values, like economic
developments, depend in the last analysis upon
the Fed's response to money growth. If the mar
ket expects the Fed to offset a given increase in
M I growth, the result would be lower stock val
ues.

(present) (forecast) (present)

_______YA~
MsA P(stock)A

------ r (short)- /

(forecast)

tend to offset the otherwise higher level of future
income (Chart 5). The chart shows (1) the initial
equilibrium, (2) the equilibrium after the sur
prise increase in the supply of money due to the
shift in the IS curve, and (3) the equilibrium at
old levels of income and higher interest rates
after the Fed responds to the unanticipated
change in money by raising the funds-rate target.

As our analysis suggests, the IS-LM: model
does not by itself lead to any single conclusion
about the future of interest rates and income fol
lowing an unanticipated change in money, inde
pendently of Federal Reserve policy. The effect
of an increase in M I depends on whether or not
the Fed intends to offset this increase by return
ing to former money-growth rates. If the Fed
does not raise interest rates in this situation an,
increase in money will tend to result in more rap
id income growth and unchanged interest rates.
If the Fed does respond to increased M I growth,
future income will remain unchanged and future
interest rates will tend to rise.

The effect of an increase in M I upon an effi
cient stock market depends upon the policy
choice made by the Federal Reserve. The effi
cient stock market equates the value of stock to
the discounted value of future net earnings of the
firm

Vt = Eo + E I + E2 +
I + r (1 + r)2

where
Vt = value of a share of stock at time t

Ei = earnings per share of stock at time (t + i)

r = rate of interest

Consider the case where the Fed sets its inter
est-rate targets independently of money growth
(Chart 6). In the short run, earnings depend on
demand-induced changes in aggregate spending.
Although policy-induced increases in aggregate
demand will eventually affect costs as well, the
initial effect of an increased rate of income

Chart 6
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Most empirical studies of the subject, based en
tirely or predominantly upon 1960's data, have
found a positive correlation between changes in
the money supply and changes in stock prices.
Most of these studies have utilized monthly or
quarterly average behavior of the two variables,
but similar results have been obtained with week
ly-cha.nge data for second-half 1968-specifical
ly, the Federal Reserve's money data released
each Thursday after the stock-market close, and
the closing stock-price data released the follow
ing Friday (Chart 8). However, a completely dif
ferent picture emerges when we compare the
same two variables in a more recent period, the
first half of 1977 (Chart 9). In this period, we
observe a negative rather than a positive relation
ship between money and stock prices.

To capture the entire effect of the monetary
impact on the stock market, we may have to take
account of microeconomic as well as macroecon
omic effects. According to a micro approach, an
unexpected increase in current money balances
in an individual portfolio leads to an undesirably
high ratio of money to other assets. As a result,
savers attempt to reduce their holdings of other
types of assets so as to restore their money-earn
ing assets ratios to preferred levels.

Changes in the money supply could have both
kinds of effects. Microeconomic effects, which
can occur at any time, involve market partici
pants as they make portfolio decisions that di
rectly affect stock prices and perhaps ultimately
the economy as a whole. Macroeconomic effects,
which occur only at one specific time, involve
market participants as they adjust their econom
ic forecasts in response to new money data. The
microeconomic effects of money growth are al
ways positive, while the macroeconomic effects
may be either positive or negative.

If the micro effects are dominant, then the be
havior shown in the charts would represent only
irrelevant "announcement effects" and would be

Chart 9

M1 and STOCK PRICES
January 6 - June 30, 1977

Percent
Change
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dominated by the "actual effects" of the money
stock price relationship. But a separate statistical
analysis (Appendix II) supports the thesis sug
gested by the charts -- namely, that the inverse
macro relationship dominates the positive micro
relationship. This inverse relationship is evident
in the 1973-77 period, and especially in 1975-77.
The statistical evidence also suggests that, be
cause of changing Federal Reserve behavior, the
market has reversed the macroeconomic effects
expected from unanticipated changes in MI.

III. Transmission of Money Growth to the Economy
What is the mechanism that transforms casts of future income and interest rates.

changes in money into changes in the level of eco- If holders and prospective holders of long-term
nomic activity? Chart 10 indicates that changes bonds decide that short-term rates will rise more
in money immediately affect stock prices and than originally anticipated, they will bid up long-
long-term interest rates, because these changes term rates as a means of arbitraging the higher
cause market participants to revise their fore- expected short-term yield. This change in short-
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term rate forecasts also would increase the dis
count on future corporate revenues and reduce
stock values.

Consider the 1960's-style response to a surprise
increase in MI (Chart II). Since market partici
pants would expect the Federal Reserve to ac
commodate such unanticipated increases, the
result would be higher forecasts of income and
unchanged forecasts of interest rates. These fore
casts would tend to push stock valuation upward,
and leave long term rates unchanged. The boom
ing stock market stimulates consumer spending,
which leads to higher levels of income.

Next, consider the 1970's-style response to a
surprise increase in MI (Chart 12). Since mar
ket participants would expect the Fed to offset
such unanticipated increases, they would revise
their short-rate forecasts upward but leave in
come forecasts unchanged. The initial effects
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would be higher long rates and lower stock
prices, which in time would tend to reduce con
sumption and investment and therefore reduce
income.

The stock market's recent behavior casts doubt
on the idea that the portfolio-adjustment process
is primarily a response to a disequilibrium
amount of money in current portfolios. The evi
dence suggests that a change in the anticipated
rate of money growth is more important than
current monetary changes in explaining portfolio
adjustment. In the 1960's, an unexpected in
crease in money had a positive impact on the
stock values, because it suggested accelerated fu
ture money growth (due to accelerated future
GNP growth). In the 1970's, however, a similar
increase in money was contractionary, because it
meant slower future money growth (due to the
Fed's raising of interest rates at current GNP
growth rates).

If changes in anticipated future rates of money
growth are more important than current
changes, the emphasis should be on anticipated
future excess supplies. Then the substitution of
equities for money that would drive the system
into equilibrium would be a substitution of future
claims to money for current holdings of equity -
in other words individuals would tend to buy eq
uity on credit. Replacing a current excess supply
of money with a future excess supply would make
the inverse money-stock price relationship con
sistent with the portfolio-adjustment model.

IV. Summary and Conclusions
The apparent reversal in the stock market's re- ciated decline in income, and thus they would act

sponse to a change in money should ease the to push equity values upward and to reduce long-
Fed's attempt to reduce fluctuations in income. term interest rates. Rising stock values would in-
In the case of an unanticipated decline in M 1, crease net wealth and therefore increase con-
market participants would expect the Fed to low- sumption spending out of net wealth, thus
er interest rates as a means of offsetting the asso- bringing about the beneficial effect on income
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growth desired by the Fed. Similarly, long-term
rates would tend to fall in anticipation of the
Fed's intention to reduce future short-term rates.
This decline in long-term rates would increase in
vestment expenditures, again moving the econo
my in the direction desired by the Fed.

However, the effect of efficient auction mar
kets upon the economy can be a two-edged
sword. Suppose the Fed made an error the stock
market was aware of -- for example, by choosing
a "wrong" money growth target that led to a
higher growth in income than the Fed desired.
Market participants then would re-evaluate
firms' expected revenues, and stocks would ap
preciate in value. Likewise, traders would reduce
the levels of expected short-term interest rates,
bringing long-term rates down. Both results
would exacerbate the initial policy mistake and
lead to excessive growth in income.

The stock market thus can be a useful indicator
of the impact of monetary policy. If the actions
of policymakers are consistent with their desires,
the stock market should reflect this fact. In con
trast, if their policy is more restrictive than de
sired, the results would be seen in an undesirably

weak stock market.
Most past studies of relationships between the

stock market and other economic variables have
focused upon past events that have affected pre
sent stock values. But if the stock market is effi
cient, this is not the right order of influence.
With an efficient market, the key influenceis the
future behavior of key economic variables -- or at
least the best available estimate of their behav
Ior.

As a consequence, the stock market can help
judge the future course of monetary policy.Ac
cording to the evidence developed here, the Fed's
response to unanticipated behavior of MI has
changed substantially-so substantially, in fact,
as to reverse the earlier implication of how
changes in money growth would affect the aver
age firm's future net income.

In addition, the market's response to M I has
an economic impact all its own. This helps the
Fed in achieving its goals when the Fed's esti
mate of future economic activity coincides with
the market's estimates. However, the market will
thwart the Fed's intentions when it thinks the
Fed's forecasts are mistaken.

APPENDIX I

In this appendix we derive the economic im
pact of unanticipated changes in the money sup
ply under two different monetary-policy
procedures, using the IS-LM model:

yt = ao + a I rt + PlYt- I + et

mt = bo + blYt +blt + P2mt-1 + Ut

= nominal income in period t
= amount of money in period t
= interest rate in period t
= independent normally distributed ran

dom variables with mean zero and
variances (J~ and (Ja respectively.

First we consider a monetary policy which is
formulated independently of changes in M, so
that the course of future interest rates will not be
influenced by an unanticipated increase in the
money supply. Stock-market participants, know
ing this, will assume future interest rates un
changed. In forming estimates of the un
anticipated increase in current income associated
with the surprise increase in money, traders may
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base their initial income forecast, Yo, upon an IS
curve relationship and upon an LM curve rela
tionship:

IS ~Yo = 0
- -ILM ~Yo = bl ~mo

in order to minimize the variance, the two fore
casts would be weighted according to the size of
the associated forecast errors:

Yo = q (0) + C2 (bI I ~mo)

where
(bI I )2(Ja

q=---'-----=--
(bI I )2 (Ja + (J~

(J2
c2 = e

(bI l )2 (Ja + (J~

After this inital period, the increased income as
sociated with the unanticipated increase in mon
ey will result from the auto-correlation in income
implicit in the IS curve:



ture income by raising interest rates. This in
crease in interest rates is:

Llfj = -a;;-I pi ,iYo

The resulting equations for changes in interest
rates and income associated with the unantici
pated change in the money supply is:

1) ,iYo = C2bil Llmo

2) ,iYi = ° i = 1,2, ...

) - -1-1
3 Llfj = -a1 c2bILlmo

c2' bi l > 0, ail < 0

LlYi = PILlYi-I

So thatLlYi = p\ c2bli Llmo'

Since PI, c2, bi l > 0,

LlYi Mi
-- >0 --=0
Llmo ' i1mo .

Next, we consider a monetary policy where in
terest rates respond to unanticipated changes in
the money supply. The first-round effect of this
surprise change is the same as before. However,
the Fed is now using the minimum variance esti
mate of the current increase in income derived
above, and attempting to offset its effect on fu-

4) ,iri = ° i = 2, .. ,

APPENDIX II

This appendix contains a time-series analysis
of the impact of a given percentage change in the
money supply upon stock prices.

A convenient way of expressing the value of a
share of stock, Vt, at any point in time is:

Vt =L(Ri - Ci) 1 ( .)
i (I + r) t-I

i = t, t + I, ...

where Ri = anticipated revenues in period i
Ci = anticipated costs in period i

r = the interest rate.

This in turn provides us with a formula for the
change in the price of a share of stock in a given
time period:

1
LlVt=LLl(Ri-Ci)( t'

i 1 + r) - 1

-Dt

where Dt = dividends paid during period t.

That is, the change in share prices in any peri
od t-I Llt is the change in the present value of
anticipated net revenues less the dividends paid
during the period.

Adding dividends to both sides:
Et = Dt + LlVt

I=LLl (R' - C") ----;
ill (I + r) t -

= f (t-I Xd + E
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where
Et = earnings due to holding a share of

stock during the period from time
t-I to time t.

E = anticipated earnings due to holding a
share of stock at time t-I.

t-I Xt = vector describing the information
important to stockholders that is
learned between time t-I and time
t.

Given an efficient stock market, money-supply
changes also affect stock values to the extent that
they affect the "best" forecasts of real economic
variables. This means that money-supply behav
ior that does not change the economic forecast
also has no impact on the value of stock. While
money changes might affect real economic activ
ity with a time lag, they would affectjorecasts of
future economic activity immediately, and so the
effect on the stock market would also be immedi
ate. Similarly, the part of a change in the money
supply that was expected to occur would already
be included in current economic forecasts, and
hence would already be reflected in stock values
at the time it occurs. So only unanticipated mon
ey changes have any impact upon stock values.
Therefore, in an efficient stock market, changes
in stock values between, say, time t-I and time t
would not be related to:

1) money-supply changes that occur prior to
time t-I, and

2) money-supply changes that occur after time
t-I but are anticipated at time t-I.



Table 1
Structure of Autocorrelation (up to 20 lags)

ofM1 Percentage Change (monthly)
in Different Time Periods

Test statistic N·1 /2 = .091 .109 .145
Sample period: Jan. 1960· Jan. 1970· Jan. 1973 .

Dec. 1969 Dec. 1976 Dec. 1976
2 I 1
3 4 4

7
8

II
15
17

7
6
4

11
17
18
19

8
11
12
14
15
17
19

Based on these results, we constructed the fol
lowing equations (see Table 2) for the purpose of
estimating anticipated money. Q statistics indi
cate that an x-square test will permit acceptance
of the hypothesis that the residuals of the antici
pated money series are uncorrelated. Thus, we
may reject the hypothesis that there is more in
formation about the current change in M 1 con
tained in past behavior of M 1after the adjustment.

After forming monthly forecasts of M 1 change
based upon the information contained in past
money behavior, we subtract the forecasts from
the actual change to get some measure of the sur
prise change in MI. We can then compare the
unanticipated change to the change in stock
valuation to determine if there is a relationship
between the two variables. Most recent studies of
this relationship have been based upon data from
the 1960's and early 1970's. The evidence they
present is not conclusive, but they generally sup
port the proposition that the market for stock is
efficient, according to the criterion that "old"
M 1 data has no identifiable effect on the stock
market. (See for example Rogalski and Vinso,
Journal of Finance. September 1977 for an ex
amination of the efficiency with which the stock
market uses monetary data.) Our evidence on the
subject is also not conclusive, at least for the
1960-69 period. In that period, surprise changes
in the money supply apparently had some pre
dictable relationship to changes in stock values in
future periods. However, later data show no such
relationship, and therefore support the efficiency
hypothesis (Table 3).

Significant
autocorrelations
at k =

In short, the only changes in the money supply
that potentially affect stock values are those that
are unexpected and occur during the same time
period as the change in stock values.

To develop an appropriate measure of the
change in stock values, we used an updated ver
sion of the Standard and Poor Index of the end
of-the-month return to stock. (Ibbotson and Sin
quefield, "Stocks, Bonds, Bills, and Inflation:
Year by Year Historical Returns (1926-1974),"
Journal ofBusiness, Vol. 4a). It was then neces
sary to develop an appropriate measure of the
new information provided by M 1 during the
month in which stock values were affected-that
is, M 1 data available to financial-market partici
pants at the time, rather than later revisions. For
this reason, M 1 data were based on last-Wednes
day-of-the-month releases from the Federal Re
serve Statistical Release H-6, Table 1.

In order to find the unanticipated change in the
money supply over a given time period, we first
had to develop some sort of estimate of the an
ticipated change in M]. If stock-market partici
pants are rational, they would at least use all the
information provided by the past behavior of the
money supply itself. In other words, to the extent
that money growth follows predictable patterns,
past values are useful in forecasting the future
money supply. We use the standard Box-Jenkins
analysis to develop the information from past
money-supply behavior efficiently.

Since the basic hypothesis was that monetary
policy techniques had shifted between the 1960's
and the 1970's (particularly after 1975), it
seemed logical to form different estimates of an
ticipated money for the different periods consid
ered. Initially, three time periods were examined:
January 1960 - December 1969, January 1970 
December 1976, and January 1973 - December
1976 (Table I). The table describes lags at which
significant autocorrelation existed between the
M 1 change in a given month and M 1 changes k
months in the past. (Significance was based on
one standard deviation of the asymptotic distri
bution of the autocorrelation term, under the null
hypothesis that inter-period changes in M 1 are
independent. With independence, autocorrela
tion terms are asymptotically normal with zero
mean and variance 1IN where N is the size of
the sample.)
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Table 2
Filter for M1 Change (percent) for 1960 - 1969

Equation Lag
Coefficient

2.
-0.10181

3.
-0.27571

4.
0.09436

6.
-0.26240

9.
-0.12015

II.
-0.11795

Autocorrelations of Residuals
I - 10 0.06 0.02 -0.02 0.00 0.05 0.03 0.01 -0.02 0.03

II - 20 -0.00 -0.05 001 -007 0.06 om 0.13 0.03 -0.08

Summary Statistics
Variance of Residuals = .1257x I0-4, degrees of freedom = 113

Durbin-Watson Statistic = 2.097
R2=.155

Q
Statistics

0.00 0.999
0.10 7.091

Equation Lag
Coefficient

I.
0.16914

Filter for M1 Change (percent) 1970 - 1976

4. 7. 8.
0.04699 0.19062 0.06291

9.
-0.26921

11.
-0.24289

Autocorrelations of Residuals
I - 10 -0.02 -0.07

II - 20 0.03 -0.13
0.01

-0.06
-0.01

0.10
-0.02
-0.15

-0.03
0.08

0.02
0.18

0.08
-0.00

-0.03
0.03

Q
Statistics

-0.04 1.417
-0.05 9.466

Summary Statistics
Variance of Residuals = 0.0422x 10-4, degrees of freedom = 77
Durbin-Watson Statistic = 1.920
R2=.125

Equation Lag
Coefficient

I.
0.29351

Filter for M1 Change (percent) 1973· 1976

2. 4. 5.
0.31124 0.53073 -0.37976

7.
0.04356

8.
-0.00996

Autocorrelations of Residuals
I - 10 -0.04 -0.0 I 0.09

II - 20 0.09 -0.10 0.05
0.03
0.03

-0.02
-0.25

-0.09
-0.03

-0.00
0.20

007
-0.07

0.09
-0.05

Q
Statistics

-0.01 1.466
-0.11 8.207

Summary Statistics
Variance of Residuals = 0.2729x I0-4, degrees of freedom = 41
Durbin- Watson Statistic = 1.964
R2 = 0.269

Other studies have found a significant relation
ship between changes in the stock values in a giv
en week and unanticipated M I changes in
following weeks a sort of reverse causality
running from the stock market to the money sup
ply. One reasonable explanation for this behavior
is that stock-market participants can find avail
able other (non-money) information useful in
forecasting future M I changes prior to the publi
cation of M I data. In this case, changes in stock
values will tend to precede unanticipated
changes in the money supply, because market
participants are partly able to anticipate them.
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In all three periods, we found some indication of
a relationship between present stock prices and
future changes in the money supply, but the rela
tionship was stronger after 1970. In the case of
the 1975 to 1976 residuals, significant relation
ships appear to exist between changes in the val
ue of stock and unanticipated money and next
week's unanticipated money. This result is con
sistent with the hypothesis of an efficient stock
market that believes unanticipated increases in
the money stock have an adverse effect upon the
discounted net earnings of the average firm.



Table<3
Correlations of Unanticipated/Monthly Percentage

Change inM1 with Monthly Percentage Change
in Stock Values at Various

Leads and Lags

I. January \960 - December 1969
a) contemporaneous correlation p = 0.117*
b) correlation between stock and M 1 i periods in the past

7 8 9 10 x2

0.005 0.077 -0.069 -0.121 11.67

7 8 9 10 x2

-0.037 -0.366* 0.072 -0.042 19.02

x2

9.39

x2
1.958

x2
7.648

x2
13.18

6
0.012

6
0.188

9 10
0.058 -0.195*

5
0.163

5
0.003

7 8 9 10
0.095 0.092 -0.195* -0.050

7 8
0.054 -0.146*

4
-0.135

Residuals from January 1975 - December 1976 based on anticipated money series constructed using
January 1973 - December 1976 M I data.
a) contemporaneous correlation p = -.368*
b) correlation between stock and M I i periods in the past

i= I 2 3 4
P = -0.115 -0.169 -0.059 0.135

c) correlation between stock and M I i periods in the future
i= I 2 3
p = -0.461 * -0.086 -0.232

* significant with critical value I/.JN = .209

i= 2 3 4 5 6
P = 0.11 1* 0.217* 0.034 0.090 -0.044 -0.053

c) correlation between stock and M I i periods in the future
i= 1 2 3 4 5 6
P = 0.061 0.025 -0.1 12*-0.003 0.014 0.017

*significant with critical value I/.JN = .096
II. January 1973 December 1976

a) contemporaneous correlation p = -0.107
b) correlation between stock and M I i periods in the past
i= I 2 3 4 5 6

P = -0.091 -0.060 -0.192 * 0.215 * 0.159* 0.190*
c) correlation between stock and M I i periods in the future
i= I 2 3 4 5 6
P = -0.417* -0.061 -0.124 -0.049 -0.132 -0.095

* significant with critical value I/.JN = .144

I I 1.
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