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|. Introduction

In the last five years, there have been many

changes in the institutional arrangements

d monetary control. Understanding these

arrangements is an important factor in gaug-

ing the short-term effectsd monetary policy.
Participants in the money market monitor

information about short-run changes in the

| tools of monetary policy, becausecorrectly pre

dicting Federal Reserve behavior isa major
factor in correctly predicting changes in the
cost of very short-term funds. People outside

an attempt to predict shiftsin the longer- run’
stance of monetary policy.

This Econom ¢ Review article describes the
changes that have taken place both in the
process generating the federal funds rate and
in the procedures used by the Federal Reserve
to guide policy on aday*to-day basis. The
authorsshow how institutional changesaffect
the market for bank reservesand explain how
weekly money stock announcements have
been used by reserve market participantsto
predict future eventsin the reserve market.

‘The authors conclude that the two most
fecent changes by the Federal Reserve— the
switch to.a borrowed reserve operating pro-
cedure in October 1982, and the switch to
contemporaneous reserve accounting rules
in February 1984 —have led to reductionsin
the information about the reserve market
that one can extract from money stock
announcements.

The money stock announcements have
become relatively unimportant for predicting
events in the contemporaneous reserve mar-
ket, both becausetheFederal Reserveistarget-
ing borrowed reserves, which tendstosmooth
interest rates on a weekly or biweekly basis,
and because much d thereserve-market infor-
mation previously associated with the money
stock announcement is now outdated. Under
the new contemporaneous reserve require-
ments, the reserve market clears beforethe
M1 data are released.

http://clevelandfed.org/research/review/

| themoney market monitor suchinformationin .

*



1. See Tinsley, von
zur Muehlen, and
Fries(1982): McCal-
lum and Hoehn
(1983);and Walsh
(1982) for the deri-
cation of analytical
expressions ShOw-
ing the unplanned
change in thefederal
funds rate expected
under different oper-
ating procedures and
different reserve
accounting regimes.

2. See Niehans.
(1978), Chapter 9,
foratheoretical anal-
ysis of the demand
for bank reserves.
Theterm bank is
used to include all
depository insti-
tutions.

3. See Friedman
and Roberts (1983)
for a discussion of
the cartyover provi-
sion. Thisclear and
concise discussion
explains why excess
reservesmight appear
to be perfectly snelas-
tic with respect to
interest rates.
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In this paper, we are concerned with the use of
the information in the M1 announcement for
predicting eventsin the reserve market. To
keep the analysis simple, we use a partial
equilibrium model o the reserve market.
Contemporaneous activity in other markets
isimportant for the reserve market, but the
importance lies mainly in the future. The
inability o the banking system to arbitrage
reservesintertemporally (between reserve set-
tlement periods) tends to isolate the reserve
market so that the federal funds rate depends
mainly on current or past money growth and
on the supply o reserves provided by the
Federal Reserve in any given reserve settle-
ment period.

Thefederal fundsrateistheinterest'ratein
the market forinter-bank reserve loans'. The'.
.demand for reservesisafunction o banks'
“demand for fundsto meet legal reserverequire-
ments and demand for clearing balances. The
supply d bank reserves comes from the Fed:.
eral Reserve, either through open: -market
operations or lending through the discount
window.

Throughout this paper:.we assume that
market forces operate'to keep the federal
funds rate équal to therate that is expected
on thefinal day of the reserve settlement
period. Any changein therateistheresult of
achangein expectations about reserve supply
o reserve demand for thecurrent reserve
settlement period.

In order toexplain the reaction of the fed-
eral funds rate to the money stock announce-
ment. we have to look at three factors: the
reserve accounting rules underlying demand
for reserves, the operating procedures under-
lying supply of reserves, and the timing of
the release d aggregate information about
demand and supply." (Seeappendix for detailed
description of thechangein reserveaccount-
ingrules.)

Federal Reserve Bank o Cleveland

II. The Reserve Market | Reserve Demand

Thedemand for reservesislargely determined
by thelevel d bank depositsand by the struc-
tured reserve requirements against bank
deposits. In the absence d reserve require-
ments, banks would still need reserves as
clearing balances to hedge against the uncer-
tainty associated with fluctuationsin deposit
and loan activity? However, reserve ratios
have been high enough in the past so that
required reserves have been greater than re-
serves demanded for clearing purposes. As a
result, the market has been able to reduce
excess reserves to very low levels. The use
d thecarryover provision and active trading
in federal funds has also helped reduce excess
reserves associated with uncertain reserve
flowson thelast day of the reserve settle-
ment period3

Required reserves were cal culated agai nst
deposit levelsd two weeks'earlier during the
period of lagged reserve requirements (LRR)
from September 1968 to February 1984. Thus.
under LRR, thedemand schedule wasvery
inelastic with respect tointerest rates, because
reserveswerecal culated against predetermined
levels o deposits. Changesin interest rates
could not affect the past deposit levels. This
inelasticity isillustrated by the steepness
o thedemand curvesin figure 1 Under the
current form of contempbraneous reserve
requirements (CRR), required reserves are
predetermined on thelast twodaysd the re-
serve settlement period. Therefore, we have
not made a distinction between LRR and CRR
infigure 1

Reserve Supply

The shape and location of the reserve sup-
ply schedule are determined by the Federal
Reserve's operating targets and procedures.

http://clevelandfed.org/research/review/
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In the planning stage, this policy can be char-
acterized by theintended growth rate for M1

Fig.1 The Reserve Market
-} & Federal Funds Rate Target (FF*)
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over a suitable time horizon. For this study,
we consider that horizon to be the two- or
threemonth interval for which the Federal
Reserve Open Market Committee (FOMC)
set short-run paths for M1.

The same planned growth rate for M1 can
be achieved using very different operating
procedures. The operating procedure can be
defined by an instrument and a feedback rule.
The Federal Reserve's instruments include
thediscount rateand oned thefollowing: the

| federal funds rate, the level of nonborrowed

reserves, or thelevel d borrowed reserves. In
general, we definetheinstrument as the var-
iable that is chosen by the FOMC and main-
tained by the Federal Reserve staff at the
"same level until new instructionsarereceived
fromthe FOMC. Feedback isdefined asthe
discretionary adjustmentsto the instrument
made by the FOMC.

Theform o theoperating procedureis

important because some operating procedures

may ke more effective than othersin achiev-
inga smaller discrepancy between planned
and actual M1 growth. Since the monetary
targets are merely intermediate targets, one
cannot necessarily conclude that the optimal
operating procedure is theone that gives the
smallest discrepancy between planned and
actual M1 growth in the short run.
Feedbackcan be used with any of theinstru-
ments to control M1 over alonger horizon.
The major reason the operating procedureis
important is that theformd the procedure
(including the administrative procedures used
at thediscount window) determines the slope
o theshort-run reserve supply curve. This
slope, in turn, determines whether shocks to
the reserve market are absorbed by changes
in interest. ratesor by changesin reserves.
A relatively elastic (flat) supply curveimplies
that shockswill bemet by changesinthequan-
tity of reserves. A relatively inelastic (steep)
supply curveimplies that shocks will ke met
by changesin theinterest rate.

http://clevelandfed.org/research/review/
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4. Our period of
_analysis beginsin
September 1977 with
the availability of
suryey data on expec
tations of the M!
announcemenl. SOMe
may argue that
the Federal Reserve
began to operate
more flexibly under
the nonborrowed
reseruc procedure
asearlyasJuly 1982.
We chose October:
because the decision
was made toset aside
the M1 target at
theeOctober FOMC
meeting.

5. Se Lombra and
Moran (1980) for a
detailed description
of the policy process
under the federal
funds rate proce
dure. Also, see Wal-
lich and Keir 71979)
fir ageneral discus
sion o interestrate
smoothing under

. thefederal funds

operating procedure.
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not be accommodated depends, in part, on the
long-run objectives of the Federal Reserve
and the nature d the shock. If the Federal
Reserve is attempting to maintain a stable
price level, then real shocks, such as fluctua-
tions in investment or government spending,
should be met by changesin the nominal inter-
est rate. Financial shocks, such as fluctua-
tions in money demand, should be absorbed
by changes in reserves. .

The most commpn o these financial shocks,
the seasonal fluctuations in money demand,
-arise because df the regular weekly, monthly,
and quarterly variations that arise from in-
stitutional details such as the average length
of the payment period in the labor markét,
differencesin cash management practices be-
tween households and firms, tax payment
dates. holidays, etc. The seasonal adjustment.
procedure may be thought of as an attempt
to supply reservesin a way that fully accom-
modates these transitory shocks to money *
demand. However, theerrorsin the estimated
seasonal factorsarequitelarge. Therefore,one
reason to have an elastic short-run reserve
supply scheduleistoaccommodatethese hard-
to-predict seasonal fluctuationsin money
demand.

The reason not to accommodate short-run
shocks to the reserve market is to prevent
acceleratinginflation from becoming embedded
in the economy, asit did during the inflation-
ary period o the 1960s and 1970s, when the
Federal Reservedid maintain aflat short-run
reserve supply curve.,, In principle, the Fed-
eral Reservecould makediscretionary shifts
in a very flat short-run reserve supply curve
and maintain long-run price stablity. In prac-
tice, this procedure hasled to a great deal
of uncertainty about futureinflation.

Inorder toeliminate this uncertainty, cen-
tral banks haveadopted formal rules(such as
mnonetary growth targets, exchange rate pegs,
a commodity standard, etc.) that instill con-
fidencein their behavior over thelong run.

Federal Reserve Bank of Cleveland

Whether a given shock should or should Given along-run anchor for pricestability, one

can use the framework developed by Poole
(1970) to show that an optimal short-run pro-
cedure would partially accommodate shocks
of unknown origin, allowing both the fed-
eral funds rate and the quantity o reserves
to adjust.

The period o our analysisincludes three
different operating procedures. Each o those
procedures is described in detail below. We
begin in 1977 with the federal funds proce
dure that was replaced in October 1979 by the
<nonborrowed reserve procedfire. This proce-
dure was replaced by the borrowed reserve
procedure in October 19321

The Federal Funds Rate procedure

Following each regular meeting, the FOMC
sent an gperational directive to the manager .
of theopen market desk at the New York Fed-
eral Reserve' Bank (hereafter referred toas
thetradingdesk). Thedirectiveincluded short-
run pathsfor M1 and M2 and a narrow range
for the federal funds rate. Thethrust o the
policy intention under this, or any other, pro-
cedurecan bedescribed by the plannedgrowth
path for the monetary aggregates.

The FOMC used econometric and judgmen-
tal models of money demand to estimate the
relationship between the monetary pathsand
thelevel of thefederal fundsrate. If theFOMC
had been mechanically trying to achievethe
monetary paths, it would have manipulated the
federal funds rate target in response to new
information about the money demand relation-
ship. However, the FOMC did not mechanic-
ally react in thisway. Whilechangesin thefed-
eral funds target were madein thedirection
impliéd by mechanical application o the pro-
cedure, thechangesweresmaller thanrequired
to effectively control monetary growth. The
FOMC showed a preference for smoothing
changesin thefederal fundsrate?

A typical directive for this period included
afederal funds range 25 to 50 basis points
wide. Growth within the range was usually
conditioned on growth of the monetary aggre-

http://clevelandfed.org/research/review/



6. However, wemight
expect medium- and
long-term inlerest
rates to riseifthe
market participants
expect this increase
(n supply tointensify
inflation, or ifthey
expect the Federal
Reserve to raise the
inleresl-rale_ operal-
ing rangein future
weeks. See Cornell
(1983) and Har-
douvelis (1984) for
an examination of
the information con-
tent Of money stock
announcements in
other markets and
for a survey of the
literature. Gavin
and Karamouzis
(1984) extend the
evidence to include
the experience under
the borrowed reserve
operating procedure
and CRR.
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gates relative to two month paths that were
chosen at the meeting. The range in the last
week o September 1977 was 6 percent to
6.5 percent. The target was raised 16 times

'| inthe next 2 years, usually in response to mon-

etary growth above the short-run provisional
paths. Theaveragechange was 33 basis points

.so that the federal funds range was 11.25 per-

cent to 11.75 percent in the last week before
the change to the nonborrowed reserve oper-
ating procedure.

To comply with thedirective, the trading
desk would sell securities (thusdraining re-
serves) whenever the federal funds rate was
expected to trade consistently below the lower
limit and buy securities (thussupplying re-
serves) whenever the federal funds rate was
expected to trade consistently above the upper
limit. Market participants used thelevel o
the federal-funds rateat the time o trading
desk market intervention to estimate the
limitson theoperating range for the federal
funds rate.

While the narrow federal funds rate range
was subject toa proviso about short-run
growth in M1 and M2, changes' in thelimits
for the federal funds rate range were small
(25t050 basis points) and infrequent (on aver-
agelessthan oncea month). Asaresult o this
procedure, the market not only knew the cur-
rent target, but also could forecast the federal
funds rate several weeksin advance with rel-
atively small errors.

While market participants were well-
informed about the location of thereserve
supply function, they had little information
about aggregate reserve demand. Individual
bankscould observetheir own reserverequire-
ments because requirements were cal cul ated
against deposits of two weeks earlier. How-
ever, market participants had little informa-
tion with which to estimate aggregate reserve
demand until the aggregate monetary data
were released. Thus, while the weekly money
stock announcement was important in pre-
dicting aggregate reserve demand, it was use-
ful in predicting the reserve supply function
only insofar asthefederal fundsratelimits

Economic Review « 1Q:1985

were expected to be changed in response to
adeviation d the money stock from the
desired path.

Thereserve market under the federal funds
rate operating procedure is shown in panel a
of figurel. Thereserve supply function B3
represents the end-of-period position d the
reserve supply curve expected by market par-
ticipants before the money stock announce-
ment. Thereservesupply functionisinfinitely
elastic, representing the expectation that the
Federal Reserve would maintain the federal
fundsrate in the target range, thus accom-
modating all short-run changes in the de-
mand for reserves.

Likewise, Rf tepresents the reserve de-
mand'function expected by market partici-
pants beforethe money stock announcement.
The reserve demand curveis inelastic with
respect to the money stock and the federal
¢unds rate because d LRR. The perceived fed-
eral funds rate target before the announce-
ment isillustrated in panel adf figurel by a
point estimate, H=*. Thisistheratethat is
expected to prevail through theend o the
reserve maintenance_period.

Suppose that a large unexpected increase
in M1 was announced. Theexpected end-of-
period reserve demand curve would shift to
the right. Because the public expected the
Federal Reserve to accommodate unexpected
shiftsin the short-run demand for reserves,
the cost of obtaining reserves through the
end d thesettlement period was expected to
ke relatively unchanged. We have portrayed
theshort-run reservesupply curveas perfectly
horizontal on the assumption that there was
no feedback to the change in M1 by the Fed-
eral Reserve. If there were a systematic revi-
sion of the target between the announcement
and theend of the reserve settlement period,
then thereservesupply function would have a
positive slope. The feedback procedure used
by the Federal Reserveto adjust theinterest-
ratetarget determined theinformation content
of the unexpected part o the M1 announce-
ment for thecontemporaneousreserve market 8

http://clevelandfed.org/research/review/



7 Guodfriend (1983}
develops an aggre-
gai: borrowing de-
mand function from
atheory of the bank-
;g firm. He shows
that the expected
spread between the
federal funds rate
and discount rate is
anon-linear function
of past and expected
future borrowing.
This providesachan-
nel for the expected
future federal funds
rate to influence the
contemporaneous
federal funds rate.

8. See Stevens(1981)
foradetailed descrip-
tion of policy during
the first two years

of the nonborrowed
reserve targeting pro-

cedure. See McCal-

lum (1985} for fur-
ther discussion of
this point.
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'When the FOMC announced a change in oper-
ating procedure on October 6, 1979. there was
a dramatic change in the information flow

to the market about the relative position o
the reserve supply functions for the period
between FOMC meetings. The Federal Reserve
constructed paths for reserves based on the
short-run path for desired growth in the mon-
etary aggregates. This procedure was made
quite complicated by lagged reserve require-,
ments..Since the level d required reserves
was based on past M1, the FOMC was essen-
tially forced to supply reserves to accommo-

future money growth by changing the price
lbanks paid for reserves.

At theplanningstage, thisisthesameanalyt-
ical framework used in policy decisions before
October 6,1979. However, there were impor-
tant differences. First, there wasa change
in the public discussion surrounding FOMC-
decisions. When the FOMC was choosing
an explicit target for thefederal funds rate,
imany observersattributed changesin thegen-
eral level d all market interest rates to Fed-
eral Reserve policy. While the Federal Reserve
could not control market interest rates, there
1may have been a perceived political constraint
jpreventing large, discretionary changesin
the federal funds rate target.

Second, and perhaps moreimportant,
neither the FOMC, nor anyoneelse, could
Jpredict the short-run changesin the interest
rate that were necessary to achieve the Fed-
eral Reserve's monetary targets. By choosing
a nonborrowed reserve target, the Federal
Reserve allowed the market agreater hand in
determining thelevel o thefederal fundsrate.

In the planning stage, the decision about
the expected federal funds rate was made
implicitly by the FOMC through the decision
on themix o nonborrowed versus borrowed
reserves. Given thediscount rate and total

Federal Reserve Bank of Cleveland

date past M1 growth. However, it could affect

The Nonborrowed Reserve Procedure reservedemand (based on past money growth).

the federal fundsrate was positively related
to changes in the ratio d borrowed to total
reserves. Theinitial level d total reserves
was calculated using the short-run monetary
paths and estimates of the components d
the money multiplier.

Using its money demand framework, the
Federal Reservestaff estimated afedera funds
rate that was consistent with the monetary
path.Suppose thisrate was £z shown in
panel bd figure 1. The FOMC also used econ-
iometric and judgmental models to estimate
the borrowing Yunction. Thisis the upward-
sloping portion of the reserve supply curve(k*
in panel b). Because Federal Reserve admin-

| istrative guidelines discouraged banks from

borrowing at the discount window, agreater
spread between thefederal funds rate and the
discount 'rate was required to induce banks
to borrow moreat the discount window?

In theory, the intersection d the horizontal .
line through FFz with the borrowing portion

‘o thereserve supply function suggested an

appropriate initial borrowing assumption.
The target for nonborrewed reserves (NBR*)
could becaleulated by subtracting this borrow-
ing assumption from expected total reserves.
In practice, the FOMC often chose the most
recent level d borrowing as theinitial bor-
rowing assumption8

Insummary, under the nonborrowed reserve
procedure, targets for nonborrowed reserves
were based on a short-run target path for M1
and an initial borrowing assumption. The
procedure was to maintain that path for non-
borrowed reserves and to allow unexpected
changesin money and total reservedemand to
spill over into the discount window. The non-
borrowed reserve path was adjusted by the
Federal Reserve staff in response to currently
known, but previously unexpected, changes
in the multiplier. There wasa proviso during
this period stated as a wide band for the fed-
eral fundsrate. Initially set to befour percen-
tage points wide, it wasat timesas large as
Six percentage points.

http://clevelandfed.org/research/review/
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from the short-run M1 path for other policy
reasons. Thiscould be done by changing the
discount rate, which would lead to a vertical
shift in the borrowing function. It could also be
done by changing the nonborrowed reserve
target which would lead to a horizontal shift
in the reserve supply function.

Market participants calculated the expected
nonborrowed reserve targets (NBR*) using.
information about the annual monetary tar-
ggets, minutes from past FOMC meetings, and
the latest information about M1. An unex-
pectedly large change in the weekly money
announcement induced acorresponding shiftin
the expected aggregate-reserve demand curve,
causing market participantsto revise their
expectations about the cost o federal funds.

Market participants scrambled for 'reserves
immediately after the announcement o an -,
unexpectedly large increase in the money
stock, causing upward pressure on the fed-
eral funds rate. In panel bd figurel, asur-

| priseincrease in the demand for reserves,

from R§to R{would cause thefederal funds
rateto rise from Ffg to FF.

An important aspect d the nonborrowed
reserve operating procedure was the automa-
ticity in theresponsed interest ratestoadevi-
 ation o M1 from the short-run policy path.

Under this procedure, deviationsd M2 and
M3 were automatically accommodated by the
| weekly multiplier adjustments to the nonbor-
' rowed reserve path. For theshort run at!east,
M1 wasclearly the primary target.

Inthesecond half of 1982, the FOMCdecided
that it did not wish toautomatically react to
deviations o M1 from the policy path, making
tthe nonborrowed reserve procedure inappro-
priate. Thisdecision was based on the uncer-
tainty surrounding financial innovations,
changing regulations, and the unusual behav-
ior o M1 velocity.

Economic Review « 1Q:1985

Also, the FOMC sometimes chosetodeviate | The Borrowed Reserve Procedure

In October 1982, the FOMC.set aside the M1
target and the nonborrowed reserve procedure.
Thedirective'to the trading desk called for a
degree of restraint in the provision d reserves.
often phrased in relatiye terms, such assome-

“uhat less, the same, or somewhat morerestraint.

The FOMC made this directive operational
for the trading desk by translating the degree
of restraint intoatarget for borrowed reserves.

+ The trading desk set nonborrowed reserve

paths for one week at a time based on staff
projections d reserve demand and on the bor-
rowed reserve target chosen by the FOMC.
On aday-to-day basis, therefore, nonborrowed
reserves continued to be the instrument.
Under LRR, the Federal Reserve had good
informatioh about reserve demand. Each week
(usually on’Friday) the trading desk adjusted
the nonborrowed.reserve path to accommo-
date the shift in reserve demand. The proce-
dureis portrayed in panel c o figurel The
announcement d an unexpectedly large
increase in M1 and in reserve demand was
accompanied by a compensating dollar-for-

 dollar shift in the nonborrowed reserve path

so that the borrowing target was maintained.

- On aweekly average basis, this procedure
looked much like the federal funds opérat-

ing procedure in effect before October 1979.
The nonborrowed reserve paths were adjusted
each week to accommodate changesin reserve

demand. Within the week, variationsin the
 reserve market were along a given supply
' schedule.

From one week to the next, 'the supply

-schedule was shifted to match the expected .

changein reserve demand and, thus, main-
tain agiven level for borrowed reserves. This
borrowed reserve procgdure wassimilar to
thefederal funds procedure on an interweek
basis, asit led to expectations o a horizontal
supply curve for total reserves from one week
to the next.

One difference was that any shift in the
borrowingdemand curveafter October 1982 led

http://clevelandfed.org/research/review/
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l to a different federal funds rate. Another dif- | an upward shift in the borrowing demand

ference was in the daily opérating procedure.

During the federal funds rate targeting
period, the trading desk entered the market
whenever the-federal funds ratedeviated from
the operating target. During both the nonbor-
rowed reserve and'the borrowed reserve pro-
cedures, the Federal Reserveentered the mar-
ket. it at all, only once a day, usually between
11:30 a.m. and noon. The operation was pri-
marily defensive; that is, it wasa response to
offset movementsin theuncontrollable sources
o reservesupply, such asfloat, the Treasury.
balance at the Federal Reserve, and other fac-
tors. Also, the FQMC continued tdset a pro-
viso in terms o a wide band for the federal
funds rateas it had done during the nonbor-
rowed reserve procedure.

Market participants did not know the exact
amount o the borrowing target. Neither they
nor'the Federal Reserve knew theexact loca
tion of the borrowing function. Consequently,
market participantscould not narrow down
asmall rangefor thefederal fundsrateasthey
had done prior to October 1979. The weekly
averageswerevery stable, but sincethetrigger
for trading desk intervention was primarily
reservequantitiesrather than thefederal furids
rate, thedaily noisein the rate made it more
difficult for the market to perceivechangesin
the stanced policy than had been the case
when thefederal fundsrate was theoperating
target. Nevertheless, on an interweekly basis,
the borrowing target could be described as
an interest-rate smoothing procedure.

Duetolagged reserve accounting, the money
stock announcement still contained informa-
tion about the aggregate demand for reserves.
However, under a borrowed reserve proce-
dure, asunder a federal funds procedure, the
slopeof theexpected reserve supply function
dependson the feedback procedure used by
the Federal Reserve to adjust the borrowed
reserve target. In panel c of figurel, we have
portrayed thecase wherethereis nofeedback.
However, in thiscase, expectations o higher
interest rates in coming weeks may cause

| Federal Reserve Bank o Cleveland

function, and the reserve supply would have
a positive slope.

Contemp-. aneous Reserve Requirements

Finally, the recent change to contemporaneous
reserve settlement rules has important impli-
cations for theeffect o money stock announce-
ments on the federal funds rate. Before Feb-
ruary 2, 1984, the deviation of the money stock

announcement from the expected level gave
the market two types of information: thefirst
was information about the aggregate quan-
tity o reserves that would be demanded be-
tween theday o the announcement and the
next Wednesday; the second was information
about the position of the money stock relative
to the perceived policy target.

Under CRR, the money stock anngunce-
mentsnolonger include new information about
aggregate reserve demand. The reservedata

.are released with a one day lag at theend

of each two week reserve settlement period.
The’M1 data arereleased with a 10 day lag.
Thereserve market will have cleared before
the money stock data for both weeks o the
reserve settlement period have been released.

While the M1 announcement may contain
new information about the level of M1 relative
to the perceived policy target, the market now
has better information than it had before the
changein rules. To someextent, the level
o M1 will keinferred from theinformation
inaggregatereserves. Before CRR, thelevelsof
deposits and required reserves against depos-
its werereported in the same week. Under
CRR, the reserve dataareavailable to be used
in conjunction with multiplier projections to
forecast M1. Whether this would be a useful
proceduredependson thequality of the multi-
plier projections.

Furthermore, banks have installed new
information-gathering systemsto meet reserve

http://clevelandfed.org/research/review/
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===,

requirementson acontemporaneous basis. In-
dividual banks arelearning more quickly
about their own deposit levels, and they are
pooling this information to make forecasts of
M1. These factorssuggest market expecta:
tionsd M1 should have become more accurate
after February 2, 1984.

III. Empirical Results
The objective in this section is to summarize

| empirical findingsabout how the pattern o

federal funds rate.response to unexpected
money-stock announcements has been influ-
enced by the Federal Reserve's operafing pro-
cedures and reserveaccounting rules. We also
look at the quality o the M1 forecasts.

The Data

M1 is thefigurefirst published by the Fed-

eral Reservein the H.6 press release. The

' expected changein M1 iscalculated using the
median of asurvey taken by Money Market
Services?The expected changes (MMSP)are
in billions o dollars. Theexpected change

in M1 iscalculated as:

EM, = log (M1,., + MMSR)
- log (M1,.,),

wheret refers to the week of the announce-
ment rather than the statement week for
which M1 wascalculated. The unexpected
change in M1 iscalculated as:

UM, = log(M1,) - log(M1,., + MMSR).
Theactual changein M1 iscalculated as:
AM, = log (M1,) - log(M1;.;)

We have used first-published numbers rather
than revised numbersin making these cal-
culations. Thisamounts to treating the revi-
sion as an unexpected change. Weeks that
included'seasonal or benchmark revisions
were omitted from the sample !0
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We used the M1 series that was published in
the H.6 release. When the definition of M1
changed. our measure changed. Overlapping
data were used to splice the series in early
1980. when the Federal Reserve changed the
definition o M1 to include other checkable
deposits.

Thechange in the federal funds rate (DFF)
iscalculated from the trade-weighted averages
published in the H.15 release. Since the H.6
release (moneyannouncement) was madeavail-
able to the public on variousdays d the week
throughout the sample period, we collected
ddily dataon thefederal fundsrate. A " before-
announcement” rate was taken as the last
available value before theannouncement. The
" after-announcement™ rate was taken asthe
first available value after the announcement.
L. DFF, measured in basis points, is cal culated
as the difference between these rates.

Figure 2 depicts the time series for DFE
The stochastic process generating the change
‘in the federal funds rate subsequent to the
announcement of a money stock surprise has
apparently undergone change over this sam-
ple period. Changesin theresponsed the
federal funds rate following money stock
announcements are much larger during the
nonborrowed reserve subperiod than in the
| rest of the sample period.

Casual inspection reveal sanother change
between July and October of 1982. The vari-
| ation in theseriesfell in the summer, but a
| Systematic persistence or regularity is not
evident until after October 1982. Variation in
DFF has been reduced since the summer o
1982, but not to thelow levelsseen before
October 1979. While the process generating
DFF shows apparent change with changes in
the operating procedures, there is no appar-
ent changein the process generating theinter-
est rate series with the switch to CRR.

Thevariance o UM (the median survey
forecast error) was higher during the nonbor-
rowed reserve operating procedure than it
wasduring the other periods. There was also
atendency for the variance o the forecast
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I1. See, for exam-
plz, Grossman
(I981), Hafer (1983),
Roley (1983), and
Urich and Wachtel
f1984). A forecast is
defined as rational
tf the mean forecast
is equal to the actual
mean (itisunbiased),
and ¢f the error.is
Nnot systematically
related to past infor-
mation (il is effi-
“ctent).

error to fall. over time, after’October 1979.
Thiscan beseen in table |. which includes -
statistics measuring the accuracy of the M1
forecast.

We have regressed thechange in the loga-
rithm o first announced changesin M1 ona
constant and on the median survey forecast.
The constant was estimated to be different
fromzero in the period of federal funds rate
targeting and in the last period under CRR.
T hecoefficienton theexpected change was not
significantly different from 1, except in the

last period. Theexplanatory power d theequa-
tion was lowest during the period o nonbor-
rowed reserve targeting. It rose from 51 per-
cent under the borrowed reser. s targeting
procedure and LRR to 75 percent with the
switch to CRR.

Many authors have presented evidence on
therationality o the median d the survey
forecast? In general, they find that the
median survey forecast is unbiased and ‘effi-
cient, except during’the early part o the
nonborrowed reserve operating procedure.' . ®

Fig.2 The Change in the Federal Funds Rate Following a Money Stock Announcement

Percent

°3 TS -

-1 r
2T
-3 1 i 1
9729/77 10/11/79 10/8/82 2/3/84 12/20/84
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Hafer (1983) finds that median survey fore-
cast errorsare correlated with past informa-
tion during this period. He attributes this
apparent inefficiency to alearning process
associated with the new procedure.

We have al so found that the median sur-
vey foredast errors are correlated with past
interest rates and actual M1 changes during
this period. In a regression d UM on past
announced changes in ME and past weekly
changes in the federal fundsrate, we cannot
reject the hypothesisthat 13-week lagsin both
variables help significantly in predicting UM.
Webb (1984) points out that these in-sample
tests are inadequate testsd rationality. As
Webb predicts, we find that using the esti-
mated systematic variation from thefirst half
o the nonborrowed reserve period does not
help predict M1 in'thesecond half of the period.
These results are available upon request
from the authors.

We find a more serious problem with the”
forecastin the last period. While the forecast
is unbiased in thefirst three subperiods, we
cannot reject'the hypothests that it has been

badly biased since the introduction d CRR
(seetable 1). Once again, the market may be
going through alearning period. We saw above
that the standard error o the forecast fell
with the introduction d CRR. In table 1, we
see that the explanatory power of the equa-
tion is highest in the last period even though
the forecastis biased. Thereare two cases

in which this estimated bias would not bea
sign o irrationality.

Thefirstisthecasein which past estimated
bias does not help predict M1 in the future.
We followed the procedure suggested by Webb
(1984) to conistruct a more powerful test of
the rationality of thesurvey forecast in this ~
period. We estimated the equation shown
in table 2 over thefirst 31 weeks of CRR
(deleting the February 16, 1984, observation
duetoseasonal and benchmark revisions)and
used the estimated equation, AM;=-0.113
+1.36 £M, to forecast the remaining 16 weeks
of the sample period. The root mean squared
errQr (RMSE) o theadjusted forecast was
22 percent lower than the RM SE of the median,
survey forecast, suggesting that the median

Tablel Accuracy o the Median Survey Forecast

AM = €y + C]EM,« + &

Sample period o €1 SEE R2 DW
9/29/77 to 1074/79 -0.13 116 042 0.49 181
(103 observations) (-2.64) (9.91)

10/11/79 t010/1/82 0.05 114 04 0.30 185
(150 observations) (1.06) (812

10/8/82 to 1/27/84 0.05 T demmrree=ic§:37 » 051 223
(680bservations) (104 (8.44) .

2/3/84 to 12/20/84 -014 148 0.28 0.75 2.30
(46 observations) (=307 (11.69)

NOTE: The expected changein M1 iscalculated as:
EM, = log (M1, + MMSP,) - log(MI,_,).
wher eMMSP isthemedian survey for ecast of theM1 change.and t refer stothewesk of theannouncementrather than the statement week for
which M1 wascalculated. Theactual changein M1 iscalculated as
AM, = log (M1,) - log(MI,_).
SEE isthestandard error  theregression, B2 isthecoefficientd determinationadjustedfor degrees of freedom,and DW is the Durbin-Watson

statistic. We haveexduded obser vationsin which the announced level of M1 induded an expected benchmark or seasonal factor revision. The
t-statistics are shown in parentheses.
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12. See Govin

a?gdgi")“]{a"w_“dzfs survey (MMSP) was not arational forecast d | where
{ or evidence . ; ; ;
that prior knowledge th?‘;‘g;:é c?r?é f:?r?ggg;gm%m ;]Sh?gdipg'n‘)d' DFF; = changein thefederal funds rate.
of the unexpected \ predicting from beforethe announcement
changein Ml would .| M1 more accurately does not help predict
- T . : to after.the announcement.
not hare helped pre- changes in asset prices more accurately. In af = :
dict assel prices : > s . .UM, = unexpected changein the money
dict asset pricesin this cask the market may have little incentive -
the first months to correct the systematic bias in predictions stock announcement at time |.
under CRR. o ML - y P EM, = expected change in-the money
o stock at time t, and
e = error term..
The Model Under the efficient market' hypothesis, if
The empirical model used to examine the expectations are rational, then aqand a, will
behavior o the federal funds rate following . | bezero, and the error term will be random.
a money stock announcement is based on the | If the money stock isan important factor in
efficient market hypothesis, which implies determining the federal funds rate, o, will
that the current asset price will reflect all be significant. In,other words, under the effi-
publicly availableinformation. Therefore, sub- | cient market hypothesis, only the unantic-
sequent changesin the asset price should , |ipated component d the M1 announcement
reflect only new information coming into the | should influence DH-because the federal
market. Theempirical model takesthefol- funds rate level before the announcement
lowing form: should already reflect all relevant publicly
- . available information.
(1) DFE = ao + aUM; + agEM: + e, The sampl e period, September 15,1977, to
Table2 Impact of Money Stock Announcements on the Federal Funads Rate
Contempor aneous
Lagged reserve accounting reserve accounting
Federal Nonborrowed Borrowed , Borrowed
funds reserve reserve reserve
targeting targeting targeting targeting
Estimation period 9/29/77 10/11/79 10/8/82 . 2/3/84
to 10/4/79 to 10/1/82 . to 1/727/84 to 12/20/84 g
Constant 0.009 0.064 0. 047 -0.070
- (0.79 (117 (L77) (-114)
Surprisein M1 . 0.020 0.408 ©0.098 0.210
0.92) (4.11) (1.49) (1.64)
Expected changein M1 -0.023 -0.161 -0.035 -0.337
(-0.89) (-09) (-0.49) (-2.76)
Autocorrelation coefficient —_ v - - 0.342
Standard error d the regression 0.092 0.661 0.203 0. 265
Durbin-Watson 1801 223% 1733 2.040
R? 20.005 - 0,093 0.005 0.114
F statistics ) 0.724 8.645 1.161 3.907
NOTE: Thet-statisticsare shown in parentheses. b
22 Federal Reserve Bank of Cleveland
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December 20. 1984, isdivided into the four

"subperiods'that correspond to different oper-
-ating procedures or different reserve account-

ing regimes. The first subperiod began with’
the availability of surveydata about expected,
changesin M1 and coversthe pre-October 1979
period of federal funds rate targeting. In this
period, wedo not expect the federal funds rate
to respond to unexpected changes in M1.

Thesecond subperiod covers theOctober 11.

1979, to October 1, 1982, period o nonbor-
rowed reserve targeting and lagged reserve
accounting. In this period, we expect a strong
positive correlation between unexpected
changes in M1 and subsequent changes in
the federal funds rate.

The third subperiod covers the October 8,

1982, to January 27, 1984, period of borrowed
'| reserve targeting and lagged reserve account-

ing. Sincethe trading desk isexpected to fully
accommodate unexpected shiftsin reserve
demand. wedo not expect the federal funds
rate to respond to unexpected changesin M1
under the borrowed reserve targeting pro-
cedure.

Thelast subperiod, February 3, 1984,
to December 20, 1984, is a period o borrowed
reserve targeting and contemporaneous re-
serve accounting. Since a borrowed reserve
operating procedureisin effect, estimates of
a; areexpected to be insignificant unless
thereisasystematic shift in the borrowing
demand function following a money stock
announcement.

Reaction to Surprisesin M1

The resultsfrom estimating equation 3 for
fourdifferent subperiods are reported in
table2. Thecoefficient of the unexpected
changein theMl, ay, is positivein all cases,
but statistically significant at the 5 percent
level only in the nonborrowed reserve target-
ing period. A 1 percent surprise in the money
stock in that period resulted in a 40-basis-
point increase in the federal funds rate. No
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statistically significant relationship was un-
covered in the other three subperiods. These
empirical results are consistent with the
simple illustrations d the reserve market .
shown in figure 1. They indicarethat the
money stock announcement was not a signif-
icant factor in the current reserve market
except during the period d nonborrowed re-
serve targeting.

Tests for Structural Change

We have assumed that either a change in the
operating procedureor in the reserve account-
ing rules would cause a change in our esti-
matesof the coefficients in the efficient mar-
ket model. We calculated the Wald Statistic
to test whether or not the estimated coeffi-
cientsareequal for any two adjacent subpert-
ods (seetable 3). The hypothesis that the’esti-
mated coefficient vectors areequal is rejected
at a 1 percent level of significance when the
estimates from the federal funds targeting
period arecompared to theestimatesfrom the
nonborrowed reserve targeting period. The -
same hypothesisis also rejected at the 1 per-
cent level o significance when estimatesfrom
the borrowed reserve targeting period under
lagged reserve requirements are compared to
estimatesfrom the borrowed reserve tar-
geting period under contemporaneous reserve
requirements. However. we can only weakly
reject (at a 10 percent level) the hypothesis
that the vector o coefficients from the non-
borrowed reserve period isequal to the vector
of coefficients estimated.for the perlod d bor-
rowed reserve targeting.

The hypothesis that the estimated a; coeffi-
cientsareequal isrejected at a 1 percent level
o significance when the estimatefrom the
federal funds targeting period as compared to
the estimate from the nonborrowed reserve
targeting period. This hypothesisisalso re-
jected at a1 percent level o significancewhen
the estimate from the nonborrowed reserve
targeting period iscompared to the estimate
from the borrowed reserve targeting period.
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The.same hypothesis cannot be rejected when
the borrowed reserve targeting period under
lagged reserve requirements is compared to

temporaneous reserve requirements. While
the“overall model changed with the introduc-
tion d CRR, there was no significant reaction
to M1 in either period.

The Efficient Market Hypothesis

| In nocaseisthe constant term statistically

significant.In addition, theestimatesof a;, the
coefficient o the expected changes in M1, are
not statistically different from zeroin thefirst

Table 3 LargeSample Tests
for Structural Change

Wald Statistic for the
null hypothesis

Vector a
equal a, equal
* across across -
D periods -periods

. 2
Periodscompared x5 X

Federal funds
targeting vs.

Nonborrowed reserve
targeting

16.25' 14.57"

Non borrowed reserve

targeting vs. , .
Borrowed reserve 717" 677
targeting( LRR)

Borrowed reserve
targeting( LRR) vs

Borrowed reserve
targeting( CRR)

12.10 0.61

NOTE: Thesetestsarebased on the Wald Statistic( #):

W = (81~ B2V lof(XiX0)™ . 03 (X:X2)](B1 - Ba).
whereBi isthevector of regression coefficients and 0 %(X; Xi)-! isthe
variance-covariance matrix d the coefficients in theith period. Unlike
the Chow F test. this test doesnot require equal samplesizear equal
covariancematrixesacr ossregimes. Watt (1979) presents MonteCarlo
evidencetoshow that. in the presenceof heter oskedasticity thistest is
at least aspowerful as the Jayatissa (1977) modification of the Chow test
when thesamplesizeis as large as 50. See Silvey (1975. pp. 115-116) for
adescriptiond the Wdd Statistic.

a. Rgect the hypothesisthat the estimated coefficients arethe same
for the twosample periodswith acritical region d ! percent.

b. Rgect the hypothesisthat theestimated coefficientsar e the same
for the two sample periodswith a critical region o 10 percent.

Federal Reserve Bank of Cleveland

borrowed reserve targeting period under con-

three subperiods. However, in the last sub-
period of ccntemporaneous reserve account-
ing,.the coefficient has a negative sign and
the null hypothesis isnot rejected at the5 per-
cent' level. This finding, in conjunction with
the presence o serial correlation in the resid-
uals, raises concern about the efficiency of
the market and/or the rationality o the fore-
cast. We saw above that the median survey
forecast was biased in this last period.

Roley (1983) findsa similar problem in the
Treasury bill market during the period of non-
borrowed reserve targeting. He constructed
a revised expectation series by allowing for
biasin the forecast, and by modifying the .
median of the Tuesday survey to include the
new information (thechangein theinterest
rate) from the timedf theSurvey tojust before
the money announcement. Using this revised
forecast, Roley finds that the estimated coef-
ficient of therevised expected changein M1 is
not statistically different from zero.

Hein (1985) shows that if one does not cor-
rect for biasin theforecast, then theestimated
coefficient of the revised expected changein
M1 in Roley's model is again significant at the
5 percent level. We have found similar results
for thefederal funds rate under CRR. How-
ever, even when weconstructed a revised fore-
cast asin Roley, we could not eliminate the
significance o a; or theserial correlation in
the residual of the DFFequation.

IV. Conclusions

Theroleand formation of expectations have
received considerable attention inthelast
decade. Studies have emphasized the impor-
tanced the market's perception of and reac-
tion to new information about economic policy.
Thisarticleexamines theeffect that monetary
control arrangements have on theinforma-
tion content of the money stock announce-

http://clevelandfed.org/research/review/

-



“a. This description
of CRR applics only
te banks that report
deposits and reserves
weekly and nol to the
small, quarterly re.
porters that ore still
subject to lagged re-
serve ICQUirements
and one weck main-
- lenance periods.
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ments in the market for reserves. Specifically, |

we show that there was very little informa:
tion in the announcement for the reserve
market except during the period when the
Federal Reserve used a nonborrowed reserve
operating procedure, We show that the pres
ent operating procedure may be characterized
as an interest-rate smoothing procedure.
Since the introduction of contemporaneous
reserve requirements, we show that, while
theerror in the M1 forecast has been reduced,
theforecast has been biased and the stochastic
process generating the federal funds rate has
not been consistent with statistical assump-
tionsd theefficient market model. While we
have rejected the statistical implications o
the efficient market model for this short
Sample period, we have not. rejected the eco-
nomic implications; that is, we have not Shown
that one could profit by using our model to
trade in the reserve market. ?

Appendix: Contemporaneous

Reserve Requirementsand
the Timing of the Weekly
M1 Announcement

Between September 1968 and February 1984,
banks were required to hold reserves against
depositson a lagged basis; that is, average
daily reserves held in any given week were
used to meet reserve requirements cal culated
from deposit levels of two weeksearlier. This
lag was instituted in 1968 to give individual
banks precise knowledge about the level of .
their reserverequirements. Thelag alsogave
the Federal Reserve time to collect informa- .
tion about aggregate reserve demand.

In February 1984, the Federal Reserve
implemented a return to almost contempo-
raneous reserve requirements(CRR)? The
banking system had objected to thisswitch
on thegroundsthat it would becostly to set
up theinformation systems necessary to
monitor deposit levelson an instantaneous
basis. Asa concession to thisissue, the Fed-
eral Reservechose a form of CRR that was
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| to becounted as reservesin the period

not truly contemporaneous. Instead, the lag
was reduced from 14 days to 2 days.

The new rules included other changes.

One changeis alengthening o the reserve
accounting period from one week to two weeks.
Banks now post reserves, averaged over two
weeks ending on a Wednesday, against depos-
its averaged over two weeks ending on a
Monday, giving them two days to collect data
on transactions deposits and to adjust their
reserve positions accordingly.

Another change is that the lag on reserve
requirements against other reservable depos-
its(nonpersonal time deposits and Eurocur-
rency liabilities) has increased from 14 days
to 30 days. For example, reserve requirements
held in a two week period ending Wednesday,
March 13, 1985, were held against transaction
deposits held in the two week period ending
Monday, March 11, and against other reserv-
abledeposits held in the two week period end-
ing Monday, February 11. Vault cash eligible
Feb-
ruary 28 to March 13 was equal to vault cash
held during the period January 29 to Febru-

ary 11—aso a 30-day difference.

Under lagged resetve requirement rules

' (LRR), banks had been permitted to carry

forward any excessor deficiency up to 2 per-

- cent of their required reserves. Any carry-

over not offset during the next period could

- not be carried forward into additional peri-

. 00s. Therewasa temporary change under the
- ew rules. The new rulesstated that the per-
- centage o required reserves that an institu-

tion may carry forward would be 3 percent
until August 1, 1984, and 2.5 percent until
January 30, 1985. Thereafter, the percentage.

~ would be 2 percent or $25,000, whichever was

greater. Sincethe2 percent isbased on reserves
cumulated, not daily averages, the absolute
amount o carryover isnow doubletheamount
allowed under LRR, because the reservesettle-
ment period has been increased to two weeks.
There wasalso achangein the timingof
the weekly money stock announcement. The
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announcement was moved up one day to
Thursday, 4:30 Eastern standard time. Even
though the Federal Reserve required banks
to speed up the collection and reporting o
deposit data, the actual data released on
Thursday are slightly "older" than data that
- had been released on Friday. Under the LRR
regime, the weekly money stock data released
on Friday referred to the average daily level
a M1 for the week ending on Wednesday,
nine days earlier. Under the new arrange-
ment, the data released on Thursday refer to
the average daily level o M1 for the week
ending Monday, 10 daysearlier.

On the last day (Wednesday)d the reserve
maintenance period, all banks have to meet
their reserverequirements. Thisisan unusual
market; we can think o no other where all
firnrs areaequired to adjust inventories' to
specified levels at the same time. During the
reserve accounting period, before the mbney

o S, ]

' stock announcement, each bank can monitor

its own deposits to estimate its individual
reserve requirement, but 1t has no informa-

| tion about aggregate reserve demand. Under

lagged reserve accounting rules, theannounce-
ment d M1 was made nine days after theend
d the deposit computation period, but five
days before theend d the reserve mainte-

nance period. Consequently, the money stock

announcement contained information about
theaggregatedemand for reservesin thesettl e-
ment period that would end five days hence
(seefigure 3, panel a). Under CRR, the weekly
announcements on Thursday-apply to only
half o a deposit computation period. The an-
nouncement o M1 for thefirst haf o the
deposit computation period is made one day
after thereserve market clears. Theannounce-
ment of M1 for the second half of the deposit
computation period is made eight days after
thereserve market clears(seefigure 3, panel b).

Fig. 3 TheTiming of Reserve Requirements
and M1 Announcements
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