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Market Information and Signaling in
Central Bank Operations, or, How Often
Should a Central Bank Intervene?

DANIEL C. HARDY*

A central bank must decide on the frequency with which it witl conduct open
market operations and the variability in short-term money market that it
will allow. The paper shows how the optimal operating procedure balances
the value of attaining an immediate target and broadcasting the central
bank’s intentions against the informational advantages to the central bank
of allowing the free play of market forces to reveal more of the information
available to market participants. [JEL ES2, G14)

IN ALMOST ALL industrialized countries, the central bank implements
policy by setting a proximate operational target for short-term money
market interest rates and then using open market operations and other
instruments such as standing facilities to keep rates near the target. An
increasing number of developing and transition economies have developed
similar operating procedures in recent years. Viewed more closely, how-
ever, practices vary widely. In particular, central banks differ significantly
in the frequency with which they intervene in financial markets and the
precision with which they steer market rates. The U.S. Federal Reserve
and the Bank of England typically deal at least once a day with commercial
banks in order to absorb or inject liquidity. In this way, these central banks
largely determine certain short-terminterest rates, with the Bank of England
normally allowing rather greater fluctuations in very-short-term money
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510

©lInternational Monetary Fund. Not for Redistribution



HOW OFTEN SHOULD A CENTRAL BANK INTERVENE? S11

marketrates. In contrast, the Deutsche Bundesbank usually intervenes only
through weekly repurchase tenders, resorting to ad hoc “Schnelltender”
just a few times a year. Between tenders, the Bundesbank is prepared
to see at least moderate day-to-day fluctuations in market rates around
its central operational target. even though it is technically capable of
eliminating them.

The operating procedures used by individual central banks have also
evolved over time. The Bundesbank, for example, announced in 1985 that
it would begin emphasizing repurchaseoperations in the implementation of
policy; the central bank’s other instruments, namely, the standing facilities
and reserve requirements, were not changed concurrently. Since then, the
volume transacted in the repurchase tender has increased, the tender mech-
anism has been refined in various ways. and the schedule of tenders made
more regular (see Deutsche Bundesbank, 1995).

Given this variety and change, one may be prompted to ask what general
considerations should enter into the choice of operating procedure, and in
particular how precisely a central bank should attempt to achieveits imme-
diate operational target for the interest rate. At one extreme, if the central
bank knows its objective and faces no technical obstacles, why should it not
intervene enough to achieve its operational target continuously? In terms of
marginal decisions, what are the advantages and disadvantages of inter-
vening, say, twice a week rather than weekly and reducing short-term
interest rate fluctuations correspondingly?

This paper attempts to provide a (partial) answer to such questions by
discussing a number of factors affecting both the costs and the benefits of
more frequent intervention. First, some familiar arguments based on the
relationship between open market operations, the other instruments avail-
able to the central bank. and the clearing and payment system will be
reviewed. Then it is argued that the design of instruments can have an
important effect on the information content of market prices, which both
the central bank and market participants use in devising their strategies. The
starting point is the observation that the central bank does not have a pre-
cise, optimal operational target set in advance (as is often assumed in the
economic literature). Instead, it must actively search for and analyze infor-
mation, including that contained in market prices, before deciding on its
short-term: strategy and estimating an appropriate operational target (and in
practice central banks do indeed monitor market developments closely). It
will be shown how by not intervening and thereby allowing market rates to
fluctuate freely, a central bank may be able to acquire valuable information
not otherwise available to it. Limiting intervention provides the central
bank with more occasion to observe undistorted market trends, and there-
fore to acquire a clearer impression of the information available to market
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participants. Some variability around the central bank’s current operational
target may facilitate the estimation of a better target. It will further be
shown how market participants will be able to make inferences about the
policy stance and other information available to the central bank from the
frequency and strength of intervention. Optimally designed instruments
and operating procedures will respect the need for clarity tn the transmis-
sion of signals to and from the central bank and the value of information
contained in market prices.

The discussion will be framed in terms of the operating procedures cur-
rently employed by central banks in most industrialized countries to imple-
ment domestic monetary policy. The central bank will be taken to have
some medium-term target (say, for M3 growth, the exchange rate, or the
inflation rate itself), which it attempts to achieve by appropriately steering
short-term money market rates. The operational target for the short-term
interest rate will depend not only on the medium-term target, but also on
the information available to the central bank through different channels and
its understanding of the transmission process. Since the interbank money
market is constantly disturbed by inflows and outflows of liquidity and by
changes in expectations, in the absence of intervention, random deviations
from the central bank’s operational target are inevitable. Hence, the central
bank has to actively manage short-term rates, primarily through open mar-
ket operations using either a formal tender or over-the-counter trading and
perhaps based on repurchase agreements. The arguments of this paper are
presented in the context of such an operating procedure, but they can be
reformulated to address the case in which the central bank sets its opera-
tional target in terms of a quantity variable. The arguments can also be
applied to economies in many stages of development, and may indeed be
especially forceful in economies where financial markets are still being
established and the central bank has limited capacity to collect and analyze
economic data. Analogous arguments applying to the implementation of
exchange rate policy can easily be formulated.

Related issues arise in the determination of longer-term policy. Edwards
(1981) and Dotsey and King (1986) investigate at a macroeconomic level
the connection between monetary policy and incentives for information
acquisition. Recently a number of authors have applied the theory of
optimal control with learning (as in Easly and Kiefer, 1988. for example)
to macroeconomic policy questions (see Balvers and Cosimano. 1994;
Bertocchi and Spagat, 1993; and Wieland, 1996. for example). and gener-
ally find that policymakers should allow greater fluctuations in target vari-
ables so as to improve their estimates of structural parameters. Bindseil
(1997), who deals with reserve requirements, takes an approach related to
that of this paper.
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I. Financial Market Institutions and Central Bank Instruments

Most discussion of the optimal operating procedures to be used in the short-
term implementation of monetary policy deals with effectiveness in achiev-
ing a given operational target, the strength and nature of the disturbances
affecting the financial system, and the possible side effects of different instru-
ments. Under this conventional approach, the marginal benefit of more fre-
quent intervention can be measured in terms of reduced deviation from the
operational target and possible strengthening of the transmission process,
whereby monetary policy impulses radiate out into the economy at large.

Differences between central banks in the frequency of intervention can, in
the first instance. be explained by dif ferences in financial market institutions
and the central bank’s instruments. These factors help determine the volatil-
ity of money market interest rates in the absence of intervention, and market
reaction to such intervention. Of course, how much volatility in money
market rates should be permitted is itself a normative issue, so institutional
differences cannot provide a complete explanation.

In countries where the payment clearing and settlement system is rela-
tively unsophisticated and generates large, unpredictable swings in com-
mercial bank’s deposits with the central bank, the central bank may have to
intervene frequently to inject or withdraw liquidity, if it wishes to forestall
erratic movements in short-term interest rates. The design of the payment
system (netting arrangements. time lags, the interval between settlement. the
role of private clearing houses. the availability of overdrafts, etc.) may affect
the sensitivity of market rates to given liquidity disturbances and may there-
fore influence the decision to intervene more or less often. Likewise, rela-
tively frequent intervention may be called for when commercial banks have
little expertise in, and opportunity for, liquidity management, although the
central bank also needs to give banks enough incentive to develop the rele-
vant skills. When the government keeps its funds at the central bank, as is
the practice in most countries. variations in its receipts and outlays may
warrant even daily offsetting injection and withdrawal of liquidity by the
central bank.

Many central banks have instituted standing facilities that limit interest
rate fluctuations, such as a deposit facility that sets a floor on rates and a
rediscount or l.ombard facility that sets a ceiling. These central banks can
then afford less frequent discretionary intervention for a given level of inter-
est rate volatility because market participants will access the facilities at
their own initiative, which will have a stabilizing influence on prices. Open
market operations are still undertaken more or less regularly, so the ques-
tion of how frequently to intervene must still be answered, as well as the
analogous question of how wide to set the interest rate “‘band.”
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When commercial banks are subject to reserve requirements that are
higher than the working balances they would hold voluntarily and that have
to be met on an average basis, a large buffer stock is available to absorb
short-term liquidity shocks before money market rates are affected signif-
icantly. Therefore, less intervention is needed to maintain reasonably low
interest rate volatility. In contrast, central banks that do not impose bind-
ing average reserve requirements on commercial banks may in contrast be
motivated to intervene frequently. In the United Kingdom, for example,
reserve requirements are insignificant and commercial banks hold very low
working balances. The Bank of England sometimes intervenes more than
once a day to offset even small exogenous fluctuations in bank liquidity
that might otherwise generate large disturbances in money market rates.!
It is, however, possible that if intervention were not so frequent, banks
would learn to hold larger working balances, and private institutions would
find it profitable to act in a stabilizing fashion. Furthermore, even if the
marginal benefits of more frequent intervention are greater, the lower are
reserve requirements, one also needs to consider the possible marginal
costs. A low reserve requirement is not justification in itself for more
frequent intervention.

I1. Intervention and Information Inference by the Central Bank

In the previous section, it was assumed that the central bank determines
an immediate operational target for the short-term interest rate in an
autonomous process unconnected to the implementation of policy. Most
academic literature starts from the same premise. In reality it is very diffi-
cult for central banks to determine appropriate operational targets for
money market interest rates. Even when a medium-term objective such as
price stability is generally accepted and an intermediate target, say for
money stock growth, has been established, a great deal of information gath-
ering, economic analysis, and indeed intuition goes into setting the opera-
tional targets from month to month, week to week, or day to day. The
difficulty lies not so much in effective implementation as in deciding on the
short-term aim. This short-term aim must then be communicated to market
participants in a credible manner. In this paper it will be argued that the opti-
mal intervention frequency balances the benefit of limiting deviations from
an operational target once chosen and broadcasting the central bank’s inten-
tions, against the costs of obscuring information useful in estimating the
best target.

'See King (1994). especially page 69, for a statement of this approach.
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Market Information and Central Bank Information

Central banks have at their disposal large amounts of data on which to
base monetary policy implementation decisions, but they do not know
everything of relevance. Much information, especially on disaggregate
developments, will originally be spread thinly across the economy, perhaps
kept confidential by various economic agents, or compiled only with a sig-
nificant tag. Such information might be aggregated in market prices but not
captured in official statistics or reports. To reflect this dichotomy, suppose
that in each period ¢ the information of relevance to the implementation of
short-term monetary policy can be captured by two state variables, denoted
by x, and y, These state variables might represent such factors as the
strength of credit demand. fluctuations in the liquidity position of banks and
other economic agents, disturbances from abroad, and news from the cor-
porate sector. The state variable x, represents relevant information that is
not immediately and directly available to the central bank but is at the dis-
posal of market participants. The state vanable y, represents the informa-
tion directly available to the central bank at the start of the period. One
could also interpret y,, but not x,, as representing shifts in the central bank's
preferences and longer-term strategy.

In general, these state variables might follow any time-series process, but
to illustrate the argument it will be assumed here that their levels each
period evolve according to

X, =0ox,_ ,+e,, |a<l (la)

_yl b ﬁ_yl—l + e\'lv IBl < lv (] b)

where e, and e,, are two identically and independently distributed (i.i.d.)
random variables with mean zero and variances of 6 2and o, respectively.

The central bank implements policy by attempting to keep the price of
funds in the money market, that is, the short-term money market interest
rate denoted by P,, as close as possible to an operational target that depends
on these state variables. (One could reinterpret £, as an item from the cen-
tral bank’s balance sheet, such as reserve money, that the central bank tar-
gets in order to implement longer-term monetary policy.) For simplicity, it
will be assumed that the central bank has a quadratic loss function such that
it aims to minimize expected sum of squared deviations in each period:

E{i E[(P;-n = X — y{u)zfgl;-n' ]|Qr }° (2)

i=0

where E is the expectations operator, Q,,; is the information set of the cen-
tral bank in period ¢ + i, which, as discussed below, depends in part on its
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operating procedures, and for convenience the rate of time discount has
been setto zero.® If the central bank in fact knew both x, and y, every period,
it would face no technical difficulty in intervening continuously to set the
price and preempt any deviations from its operational target.* In determin-
ing its operating procedure. the central bank needs to decide whether to
interveneevery N =0, 1. 2, . . . days so as to minimize the expression (2).
The central bank can commit itself to following such a rule.

When in some period the central bank does not intervene, the evolu-
tion of the money market price is determined entirely by the information
available to market participants, and so will be assumed to be described by

F,=0Ff._ +e,. 3)

Thus, left undisturbed the money market equilibrium yields changes in the
price of funds that perfectly reflect the current innovation in the state vari-
able x, but (without loss of generality) not that of y,*

Suppose that the central bank never intervenes. Then one can easily show
that in each period the unconditional (average) expected loss is

Vo = E[(F —x, —y)?]= E[[il'(«,_,) ]= 1 f[_:, &

=0

In a period when the central bank does intervene, it can no longer observe
an undisturbed market price. Instead, it receives at the start of the period a
signal As, that imperfectly reflects innovations in the state variable x;:

ASI =€yt ey, (5)

where e, is anotheri.i.d. random variable with mean zero and variance 2.
This signal might be contained in the tenders and quotes received by the
central bank when it initiates open market operations. The assertion that
central bank intervention does not reveal information as well as does a
freely functioning market is a somewhat ad hoc assumption, but nonethe-
less plausible: when the central bank conducts open market operations such
as a “‘Schnelltender.” it normally deals with only a relatively small number
of money center banks, which may have incentives to behave strategically,

%Introducing a positive time discount rate would not affect the results significantly.

3This objective function with a partially unknown (operational) target can be
thought of as capturing model uncertainty, as in the literature on optimal control
with leaming.

‘The incentive for market participants to acquire the relevant information and
how i1 comes to be reflected in market prices will not be discussed here, but the
issue is addressed in a companion paper (Hardy, 1997), where it is shown that cen-
tral bank operating procedures can affect the relative profitability of investing in the
acquisition of different sorts of information, and thus the equilibrium structure and
informational efficiency of financial markets.
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and information available to other institutions is neglected; when the cen-
tral bank organizes a tender with wide participation. the tender procedure
may not induce complete revelation. and the repeated taronnement process
of the market cannot function. The bidding in a quantity tender when the
central bank fixes the price in advance may be especially difficult to inter-
pret. The volume of central bank intervention can certainly contain impor-
tant information on market conditions, but that information is likely to be
obscured by various disturbances such as fluctuations in the quantity of cash
in the hands of the public. Insofar as money fulfills a “buffer stock™ func-
tion, the quantity demanded may be very interest-rate elastic and vary
greatly because of transitory phenomena that are not relevant to the form-
ulation of the central bank's operational targets.® In any case, the argu-
ment that follows provides sufficient, albeit not necessary, conditions for
infrequent intervention to be optimal.

If intervention is conducted every period, the central bank’s problem
reduces the minimization of its expected loss function period by period. Its
information set at time r contains only the series of signals As,_;, i=0, [, . ..
besides the state variable y,. (Recall that by assumption the central bank has
direct information on y, but not on x,.) The central bank can do no better than
set the money market price as a linear function of the history of these signals
and y, broken down into its autocorrelation and innovation components:

Plr = ZaliAsl—i # CIB.VI |+ (1|C’w- (6)

i=0
The parameters a,;, ¢, and d, are chosen to minimize the average loss func-
tion in each period. As shown in the Appendix, at the optimum ¢, =d, = I,
a;; depends on the relative variances, and the minimized loss function V’f IS

2.2

V* G 1 0.\01
! 2 2 2°
l-a® 6¢+0¢

(7)

The central bank will prefer to intervene every period rather than not at
all if the minimized average expected loss in the former case (V) is less
than that under the latter regime (V¢ given in equation (4)). From an exam-
ination of the partial derivatives of the difference (V] — V) it is clear that
this condition is more likely to be met the smaller is & and ? and the larger
is B and 62 Then fluctuations in the state variable known only to market
participants are relatively small compared to those of the state variable

*With a reserve requirement, at the end of the maintenance period demand for
reserve money may become very interest-rate inelastic: overnight money market
rates will tend to move up or down violently in response to a small aggregate
reserve shoctfall or surplus. Again, such fluctuations may not contain much infor-
mation of interest to the central bank.
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observed by the central bank, so it is more important to keep the money
market rate in line with the latter than with the former. The condition is also
more likely to be met the smaller is 62, because then the central bank can
better infer the information available only to market participants when it
does intervene.

Suppose instead that intervention is conducted regularly every other
period. Under this operating rule the central bank has only half the occasion
to set the money market price as it wishes, but gains occasion to observe the
uncluttered free market price and thus receive additional information on the
evolution of the state variable x, In particular, on a nonintervention day
t — | it observes P, ;, which allows it to infer e,,_, exactly, since from equa-
tion(3) P,_, =P, + e, and aand P,_; are known. On the subsequentinter-
vention day 1, its information set thus consists of { y,, As,, €,,1, As, »,. . .}. The
optimal money market price can depend only on the available information
variables:

£y = Z(GZI'AS!—ZI‘ +bajsien-2i-1)+ By, +dgey,. (8)
i=0

Moreover, the central bank is aware that its intervention in period ¢ will
affect the market price in the nonintervention period 7 + 1. At ¢ + 2 it will
intervene again and so have a chance to correct deviations from the opera-
tional target that arose in ¢ + |. Therefore, its problem is to choose the para-
meters ay;, byis 1, €2, and d; so as to minimize the expected squared deviation
of the actual price from its operational target averaged over periods 7 and
1+ 1, based on current information and knowledge of the history of the state
variables:

VZ =(1/ Z)E[(R — X~ W )2 + (RH T Xl T Yol )2[.":‘ A-Vr~ex1—l“"]‘ 9)

Thesolution is derived in the Appendix. The parameters ¢, and d, are less
than or greater than unity depending on whether o is greater than or less
than B, respectively; in this way deviations of the money market “price”
from the state variable y are evened out between periods ¢ and ¢ + |. The
minimized average loss function is

] t o262 (a-B)? o}
Vf"i[l—azof+o}+ I+a? 1-B%[ (o

The central bank would do better by intervening every other period rather
than every period if the difference in the minimized expected loss functions,

2 2 2
v?‘—v’?‘:é[m_m o W J (11)

2 2 z2 2 2 2
l+a? 1-B* 1-a’oc?+0?
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is negative. In general, the sign of this dif ference i s ambiguous, but one can
determine its partial derivatives with respect to the various parameters in
order to assess when it is likely to be larger or smaller. The difference is
positively related to 62, so that if variance in the component of the opera-
tional target determined by the central bank’s own information is large
enough or if deviations are costly enough, intervention every day is supe-
rior to intervention every other day. It is negatively related to 62 and 62 for
the reasons given above related to the importance of the state variable x, and
the ability of the central bank to make inferences about it based either on
free or “intervened’ market prices. Frequent intervention can thus be coun-
terproductive if the signal received in the course of intervention is suffi-
ciently poor compared to that available in undisturbed market prices, and
both are sufficiently important relative to the central bank’s own informa-
tion and preferences. A larger value of & (the autocorrelation coefficient for
the state variablex) implies that the market price and the operational ob jec-
tive evolve more sinmilarly during the nonintervention days. A larger & also
entails that the central bank’s errors in estimating e, in any one period are
largely carried forward into subsequent periods, so it is more valuable to
learn its true value by not intervening. Therefore, less frequent intervention
is more likely to be optimal, the larger is &. A larger [} implies that changes
in the state variable y, are more persistent; since in the absence of interven-
tion the market price does not reflect these follow-on changes, frequent
intervention is more likely to be desirable, the larger is 3.

If the variances of the random variables, their autocorrelations, and the
weight attached to them in the central bank’s objective function differ
greatly, it could be worthwhile to intervene every third period or even less
frequently. If the central bank intervenes once every NV days, it would set a
price according to the rule

= N-1
Py, = %[“M‘Aﬁ';—m o z{,hmui’n—m—; +cyByiy +dyey. (12)
e =
{t is straightforward, if laborious, to determine the optimal pricing rule and
the minimized average expected loss from intervening every N =3,4, . ..
days and confirm that as N tends to infinity, the optimized V function
converges back to the level obtained for N =0 given in equation (4).

The incentive for limiting intervention could be reduced if the undis-
turbed market price did not fully and solely reflect innovations in the state
variable, that is, if (P, — P,_;) was affected by “noise” from short-term dis-
turbances that are irrelevant for monetary policy purposes. However, under
certain circumstances the reverse could occur: in the presence of such
“noise” the central bank may require a longer sample of undisturbed mar-
ket prices to be able to distinguish longer-term developments that are rele-
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vant for policy purposes from shoit-term volatility.¢ The introduction of an
irrelevant “noise” term in the signal y, received directly by the central bank
would, however, increase the incentive to limit intervention; market prices
and information from other sources may need to be combined to filter out
what is of true importance. One could also include an error term in the cen-
tral bank’s operating rule to capture the possibility that it does not always
extract information fully efficiently or indeed know its own preferences
exactly.

Ad Hoc Intervention

So far it has been assumed that the central bank commits itself to a rule
to intervene every given number of days and sets the parameters for that
rule in advance. However, it could be that the central bank cannot so
commit itself or chooses not to. In particular, on any particular day the
central bank may determine whether or not to intervene only after it has
received information on the innovation in the state variable v, , and then
must solve what amounts to an “optimal stopping rule” problem of when
to intervene and when to observe unintervened prices so as to improve
its information set. In general, the best choice for each period is likely
to depend in a complex way on expectations of future intervention and
on the history of past intervention, which affects the current informa-
tion set.

To illustrate considerations that go into this choice, assume that the mar-
ket price in period 7 — | is known to be exactly at the operational target,
that is, P,_, = x,_, + y,.;. The central bank then learns the realization of y, =
By, | + e,; and has to decide whether or not to intervene. If it does not inter-
vene, the market price evolves to P,= aP, ; + e, and so the immediate
loss is

Vi=(R—x,—y)? =(aP_ +e,—x,—y)?
= (X, + V) + ey — X, —y) =@y —v,) (13)

where equation (1a} has been used to simplify. By not intervening, the cen-
tral bank can observe the realization of e, which is relevant to the decision

¢This possibility can arise if the market price evolves according to the rule
Pr = O:Pr—l *+ L + €n — Y"u:-jc
where e,, is an i.i.d. disturbance terin that is irrelevant to the choice of the opera-

tional target, grovided that vy is sufficiently large that the negative moving average
component off sets the autocorrelation component.
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of whether or not to intervene in 7 + 1. The loss from not intervening must
be at least V, and will be greater by an amount that depends on the realiza-
tions of the random variables next period and on whether the central bank
intervenes. If the central bank does decide to intervene., it anticipates that it
will set a price

P, = ox, ) + aols, +w

once it learns As,. Therefore. the immediate expected loss contingent on the
information set available when the decision must be made is

2 - 2
E[(Pv —,l', _-vl) I"I—I‘-vl—lv.yll = l:{(ou', ] +"l)Agl +-yl _'(/ +_V,) P‘,-;.J',_;.)’,l

)
=E{(ay — e, tage,]’)

2 2

a0,

2 21
c.\ + G.\

when qy is chosen optimally. However, the central bank will not have learnt
the realization of e,, precisely, and any estimation error it makes will be per-
petuated in subsequent periods whether or not it intervenes. The importance
of this carryover will depend on the degree of autocorrelation displayed by
the state variable x,; the sum of the losses from the estimation error can
easily be shown to be

,_ 1 ol (14)
T —otick 6

Thus, a sufficient condition for the central bank to intervene is that
(V1 — V@) be negative. An examination of equation (13) shows that if, for
example, y,_; and y, are both positive and (ay,_; — y,) < 0, then Vj is a
decreasing function of y,_; and an increasing function of y,, and vice versa
if they are both negative; the larger the innovation in the central bank’s state
variable y, away from its central value, the more likely is intervention.” An
examination of equation (14) shows that Viisan increasing function of ¢,
cZ and 62 A higher value for o increases the importance of the estimation
error in future periods, a higher 62 increases the magnitude of the error, and
a higher 62 signifies that variations in the state variable x, are greater in
magnitude and receive more weight in the central bank’s objective func-
tion. so an increase in any of these variables makes intervention less likely.

A further extension would be based on the assumption that the central
bank receives the signal As, at the start of each period, whether or not it

"The result that the central bank may refrain from intervention to correct small
derivations from its immediate monetary policy target bears some resemblance to the
conclusions in Orphanides and Wilson (1996) on “opportunistic™ monetary policy.
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intervenes. If possible, the central bank would wish to assess the signal
before deciding when to intervene, and it is easy to work out the decision
criterion under simple circumstances. In general, an exceptionally large
absolute value of As, would indicate a large change in the state variable x,,
which the market itself will incorporate into prices better than the central
bank can, so intervention is less likely to be warranted.

IT1. Information Inference by Market Participants

It has been shown how the design of monetary policy operating proce-
dures can facilitate the extraction of market inf ormation by the central bank.
Yetinformation can also flow in the opposite direction, and the central bank
may be very anxious to convey its assessment of the economic situation and
its future intentions to market participants.® This concern is likely to be
strongest when the central bank wishes to broadcast “news’ about longer-
term developments and its policy stance; investment decisions, the pricing
of long-term securities and exchange rates, wage negotiations, and general
economic confidence would be affected by such news, and thus the mone-
tary policy transmission process initiated. Here too the design of the oper-
ating procedure may improve the precision with which prices reveal
information.® In general, however, one might expect to be presented with a
trade-off, whereby practices that help the central bank to infer market infor-
mation, such as limiting intervention, make it more difficult for market
participants to filter out the central bank’s signal from “noisy”™ prices. Such
a trade-off will be illustrated here.

In the context of the model presented above it is plausible to suppose that
the central bank would be concerned about the accuracy with which market
participants can estimate y,. the state variable representing the central bank’s
private information. Because changes in y, are persistent, the market esti-
mate of the state variable in any one period ¢ will be highly correlated with
expectations of its value in periods 7+ 1, 7+ 2, . . . . Therefore, expectations
of short-term interest rates in subsequent pertods and uncertainty about them
will depend on the level and precision of this estimate. Current forward rates
and long-term interest rates, which may be especially important in the mon-
etary policy transmission process, will adjust correspondingly. More pre-
cisely, the central bank’s loss function in any one period will be assumed to
depend on both the expected deviation of the spot price from its target and

¢However, under certain circumstances the central bank may wish to make
intentionally imprecise announcements (see Garfinkel and Oh, 1995).

?A central bank might send signals through various other channels, such as
changes in the rates applied at its standing facilities, but the information content of
changes in rates on open market operations need not thereby be diminished.
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the expected squared deviation of market participants’ estimate of y, from
its true value:

E(Z {0EIR,, - . = 5,219, 1+ (1= DEI(F,., = i) T 11, ) (15)
=0

where we[®, 1] is a weight, and ¥,,; is the market participants’ best estimate
of y, based on their information set I',,;. This information set could be
derived from market participants’ knowledge of the economy generally
and observations of the central bank’s past actions, which indicate its pol-
icy reaction function, and the central bank’s public pronouncements. In
addition, as will be shown, the central bank’s operating procedures can
affect T\,

Policy Signaling Through Open Market Operations

Here it will be assumed that the central bank does not announce its pri-
vate information in advance of intervention operations or cannot do so cred-
ibly.'0 Indeed, the practice of many central banks is to conduct most open
market operations by soliciting quotes from money center banks or by con-
ducting a tender where neither the price nor the quantity is set in advance.
Under such procedures, market participants must make inferences about the
central bank’s information and policy stance based on the money market
price determined through intervention. By assumption, the realized value
of the state variable x, is already known to market participants. To simplify
the presentation, it will be assumed that the true value of y, is revealed at
the start of the next period . It will also be assumed that the announcement
of the tender results from the previous period is sufficiently detailed that the
market participants can infer As,;, which allows them to identify e,_,
because they already know the realization of x, ;. Therefore, market par-
ticipants need to make inferences about current disturbances only, the
uncertainty in the estimation of y, concemns just the value of ¢,, and e,,."

When the central bank never intervenes, no information about e, is
revealed, so¥,= By, and the expected squared deviation of the estimate is
0?2, The average expected loss function can be shown to be

“The question of why the central bank cannot simply announce its information
immediately will not be addressed here. During the 1970s the U.S. Federal Reserve
did indeed announce whether changes in its discount rate were determined by “tech-
nical” or “policy” considerations. However, words are always open to interpretation
and ambiguity, and the central bank may be tempted to make use of this margin for
vagueness and obscurity, so concrete action may be necessary to make statements
convincing.

"'"The information set of market participants at 1 is {x., Py, X,_i» Yr_1, ASipe - . -},
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o,

Wo=m|—_w+(l—w)o‘\.=wV0+(l—m)c)., (16)

Suppose now that the central bank intervenes every day. The central bank
will follow a pricing rule of the general form'?

Py = S|ate i + e )]+ by, +de,,. (17)
i=0
(The parameters «y,. ¢|. and | need not be equal to those derived in Sec-
tion II). The information set of market participants is I = {x,, ¥,_.;,. . .} and
they face a standard “‘signal extraction’ problem in estimating y,, the state
variable known to the central bank. As is shown in the Appendix, the
expected squared error of the market participant’s best estimate of y, is now
. - a;, Oy
min E[(v/ﬂ.yr)zlrl]:_?___l*ﬂ_.‘z—zc (18)
u‘OGS + (Il 0‘.

Again, the central bank effectively has a two-period problem. Using
equations (17) and (18) in equation (15) yields the expected loss function
that is to be minimized through choice of the parameters of the pricing rule:

- atec? 2

W, = oY (a\g.day,....c1.d)) + (I _w)afocf +d%? o . (19)
In the Appendix it is shown that the optimal parameter g of the pricing rule
is now smaller than when V, alone is minimized. and 4, is larger; when the
central bank wants to signal its private information, it reacts relatively lit-
tle to innovations in the state variable known already to market participants,
and relatively strongly to innovations in its private information. Strength-
ening the transmission from the central bank to market participants requires
that the current market price deviate more from what would otherwise be
its optimum level, for a given frequency of intervention.

One can also confirm the intuition that a central bank will want to inter-
vene more often, the more importance it attaches to transmitting its own
information. Consider the difference between the expected loss function
when intervention occurs every period, as given in the minimized value of
equation (19), and the expected loss when no intervention is undertaken
(equation (16)):

WT: — ‘/Vn = (DVT(alﬁ‘“ll““°('.l*dl)+

ainOy 62—V, - (1-0)o?. (20)

lI-0)7""5—
apo?! +dio;

12 Again, the model can be reformulated in terms of the quantity of intervention.
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In general, the sign of this expression is ambiguous. Suppose, however,
that the variances and parameters of the model are such that the minimized
V7 just equals Vo, so the central bank is indifferent between intervening and
not when w= I and transmitting information to the market is not aconcern.
The central bank’s minimized expected loss function W} cannot be larger
than it would be if it sets the money market price to minimize V,. But the
second term on the right-hand side of equation (20) is certainly smaller than
the last term because market participants are able to make better inferences
about the state variable y, when the central bank does intervene and send a
signal (the expression on the right-hand side of equation (1 8) is certainly
smaller than 62). Hence, under these conditions, the difference (WT - W)
is negative and intervening every day becomes a superior strategy. There-
fore, intervention is likely to be more frequent, the more weight the central
bank attaches to the broadcasting of its own information and intentions.

It can readily be confirmed that intervening every day gains in value to the
central bank compared with interveningevery 2, 3, . . . days as ® increases.
In particular, when the variance of the state variable known to the central
bank is large relative to that of the “noise’ term e, the central bank has a lot
of “news” that it would like to broadcast every day, while frequent inter-
vention is not very costly in terms of loss of precision in its own estimates
of market information. Therefore, more frequent intervention is preferred.

Policy Signaling and Quantity Tenders

Some central banks may have available mechanisms whereby they com-
mit themselves to setting an intervention price in advance of their open mar-
ket operations. An example of such a mechanism is a quantity tender, as
used on occasion by the Deutsche Bundesbank, whereby the central bank
announces an interest rate at which it will conduct repurchase transactions
in a forthcoming tender and commercial banks submit bids for the amount
they wish to transact. In this way, the market participants get a very clear
signal of the central bank’s private information, but the central bank must
decide on its operational target for the interest rate without the benefit of
observingthe tender bids. Thenature of this trade-off can be illustrated here.

Assume first that the central bank undertakes a quantity tender every
period. Then its information set consists of { v, As,_,, ¥,_i, As,_3,. . .}; it lacks
the information about the current innovation in the state variable x; that
would be contained in the signal As, received through the bidding process.
Its pricing rule cannot depend on ¢,, ore,,, and will take the form

P,’ = Za,’,»AS,_,- + C['B_V,_| + ([IIevr (2 l)

i=0
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Recall that, by assumption, the central bank announces y,_, and As,_, at the
start of period . Market participants have an information set {x,, P,”, x,.y, 11,
As,), Pi\ ...}. from which they can infer the value of y, exactly. The
expected squared deviation of their estimate from the true value is zero. The
Appendix contains a derivation of the central bank’s minimized expected loss
function, which is compared with the loss function in the case where the cen-
tral bank conducts an interest rate tender. It is shown that when the central
bank receives only a very noisy signal of market information, or when vari-
ations in the state variable y predominate, a quantity tender is advantageous.
However, the more important is market information, the more likely it is that
the operational interest rate target should not be set in advance of the tender.

So far, the central bank has been assumed to have private information on
changes in one state variable. One could construct a situation in which the
operational target is affected by permanent and transitory shocks, and in addi-
tion the central bank is concerned with transmitting information specificalty
about longer-term developments so as to influence expectations.'? Very fre-
quent intervention that partially accommodates daily or hourly fluctuations
might in effect generate “noise’” that makes it difficult for market participants
to identif'y when the central bank is conducting stabilizing or accommodative
operations and when, alternatively, it is initiating policy shifts.

In a more complex policy “game’™ one would have to consider a richer
array of possible strategies where the revelation of information is not always
desired. For example, less frequent intervention could be preferred if it facil-
itates the intentional not sending of a signal, as when the central bank wishes
to allow interest rates to drift “silently” up or down. L.ess prominent in-
volvement in determining money market interest rates may also help reduce
political pressures on the central bank to keep interest rates always low.

IV. Conclusions

It has been shown how making room for the play of market forces by not
intervening too frequently can offer the central bank itself occasion to
extract valuable information contained only in free market prices. This is not
to say that feedback from financial market prices to policies should domi-
nate in the determination of operational targets, let alone intermediate goals.
Rather, the additional information yielded by this source complements in an
important way that directly available to the central bank and the central
bank's own preferences and longer-term forecasts. The actual practices of

13To model such a situation, the central bank could be assumed to receive a sig-
nal z that is a serially uncorrelated random variable affecting only the current
operating target, so its loss function would be W’ = @EUP, — X, — Y. — 2.)482]
+ (1—0)E[(J, — y')2|1'"]_

©lInternational Monetary Fund. Not for Redistribution



HOW OFTEN SHOULD A CENTRAL BANK INTERVENE? 527

central banks, which take developments in interbank interest rates and other
financial market prices into account when deciding how to use their instru-
ments, reflect this complementarity. Market-based instruments are not only
effective in achieving given operational targets, but may also help the cen-
tral bank in choosing the right targets. A central bank has many sources of
information; in an economy with well-developed financial markets, the cen-
tral bank can observe not only money market rates but also, for example, the
whole term structure. However, the term structure will in large measure
reflect market expectations about future developments, notably in the central
bank’s own policy stance. Hence, information in the term structure comple-
ments rather than replaces information on current money market conditions
contained in short-term rates.

A central bank needs to know how well its actions convey information to
market participants. The money market rates determined through interven-
tion are likely to be interpreted as signaling the central bank’s assessment
of the economic situation and its future policy stance. A clearer signal can
typically be sent if intervention is more frequent and if more weight is
placed on the central bank’s private inf ormation, even at the expense of per-
mitting deviations from the operational target and a reduction in the infor-
mation available to the central bank. Signal extraction requires that market
rates be allowed to fluctuate relatively freely around an operational target,
whereas signal transmission is strengthened when intervention dominates
the determination of market prices.

Similar considerations may be applied to the design of other monetary
policy instruments. For example, a central bank must decide on which inter-
est rate to focus. It may be that the very-shortest-term rates for overnight
money are sub ject to considerable “noise” from minor disturbances to the
supply of, and demand for, liquidity that are irrelevant for monetary policy
purposes. The requirements of signal extraction and signal transmission
may prompt the central bank to concentrate on a slightly longer-term rate.
In addition, many central banks maintain one or more standing facilities at
which commercial banks may borrow or deposit funds under certain con-
ditions. The availability of these standing facilities often has the effect of
imposing more or less tight bounds on money market interest rates. These
bounds should not be too narrow; money market rates need to be free to
Auctuate enough for the central bank to extract clear signals and for market
participants to have sufficient incentive to acquire information and develop
well-grounded trading strategies. Likewise, a central bank seeking to keep
the exchange rate within a “band” should consider informational implica-
tions when determining the width of the band, and when deciding how fre-
quently it should intervene through trading foreign exchange or adjusting
domestic interest rates to defend the band.
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APPENDIX
Derivation of Results

In this Appendix some of the results discussed in the main text are derived in detail.
The first section presents the derivation of the central bank’s minimized loss function as
the frequency of intervention varies. The second section deals with the inference of cen-
tral bank information by market panicipants. The third section considers the case in
which the central bank conducts a quantity auction.

Intervention and Information Inference by the Central Bank

Intervention Every Period

If intervention is conducted every period. the central bank's information set at each
time ¢ consists of { ,, As,. y,.1, A%, . . .}. on the basis of which it sets the money market
price:

A = Z“‘lmlﬂ +o By +de,
=0

It

M

aieq. +¢’.\/4)+C3B)’1~| +dle\'l' (22)
i=0

1]

Using equations {1a). (2). (5), and (22) and the independence of the disturbance terms,
the loss function to be minimized can now be written as an infinite moving average

Viay,ay,....¢,.d)) = E[(R, — x, - 3,)*|Q,]

= E[{i[{ﬂh —-a ]f"; i taey 'i]

i=0

2

+(¢c, = DBy, +(d, - ”‘-’u} ]

= i[(a,, —a') ol +ajol|
i=0

+(e, = 1By, +(d, = 1)?e3. (23)

It is easy to derive the first-order conditions for a minimum:

oV, / day; = 2ay; — 0,;)02 + 2a,,62 = 0 (24a)
aV, /e, = 2(c; = )By:, =0 (24b)
aV, /dd, = 2(d, — l)e},, (24¢)

which can be solved toyield that¢, = &, = 1 and

o

o, i
a; =——=oao'. (25)
O +0,
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These parameter values are substituted into equation (22), so after simplif ying the min-
imized loss function V is found to be

- 3 2 2 2
i z 5 2 a; 5
vi=¥ or‘( 20 - —IJ c? +1:r’(—1 2) o
i=0 0\ + 0.\ G\ + G.\

2.2
1 G.0;

T 1-a’*cl+ol’

(26)

Intervention Every Other Period

If intervention is conducted every other period, the central bank’s information set
1S { v, ASy. €41, ASiy, - . .}. The optimal money market price depends linearly on the
available information variables:

B = 2(92:"351-2;' + b 41€x0-20-1) + By + dae . (27)
i:o

The central bank must consider the expected squared deviation of the actual price from
its operational target averaged over periods r and 7 + 1, based on current information and
knowledge of the history of the state variables. Hence. its expected loss function becomes

Vo =(R)E[(F —x, =¥ » +HFa —xp —)’:+I)ZI)’I~A5}-8,U—I-~~-]
=(E(R-x -y )+
(O, + €y = OX; =€y = Vp — Eypy )21}‘r-A-‘r-‘?.tr—l--"]' (28)

where use is made of equations (l1a}) and (1b) describing the time-series behavior of the
state variables. By substituting the pricing ruie (27) into expression (28). average
expected loss that is to be minimized can be written as

V(@i byiyn020dy) =

£ A
2 2i+1
[{2[(02,' -a Yeyi—2i + ;€52 + (bZiH - )e‘tl—2i+|]
=0)

2
+(c2 = DBy +(dy - 1y en}
N E - )
2 : 2i+1
+{a 2 Bl‘h‘ — 0 e + dgieg2i + (i = @7 Jex-2i) ]
=0

2
+{ocy —=B)By,_| + loda —B)e_‘., - e}.,+|}
which can easily be formulated in terms of unconditional variances as

Vy="h [(I +o )E((az; —o% Y ci +:422,-03 +(Pi — a2 Gi}
i=0

T _py2
+(cz l)lt(;;fz B) y,2+0§.:|,

(29)

©lInternational Monetary Fund. Not for Redistribution



530 DANIEL C. HARDY

under the assumption that all disturbances are independent. The optimal choice of pa-
rameters is determined using the first-order conditions to be

=

)
o g 1+ o

dy = 5 =~ 10,.2:_ b)_‘_” =U.“‘”'. f.';t:dg =
O +0; 1+ a

[

The minimized average loss function can then be shown to be

] ole! (0.-B)? ol

v o - 2 a1 30
: 2[l—or ol +06f 1+’ I—BJ )

The difference between the minimized loss functions (V3 - V) when the central bank
intervenes every other day versus every day is given in equation ({1). The partial
derivatives of this difference with respect to e and B are

VI -VI) __a-Pi-of) . o ool

Jon O+ (1-B) ' (I-a’)c’+6 " (3la)

AVE - V) _ (a—B)( +aP) &l
op (-B*)d+a?) "

(31b)

both of which can be either positive or negative. However. if | > o > § > 0. then equa-
tion (31a) is certainly negative and (31b) is certainly positive. Under these conditions, a
larger ot implies that the market price and the operational objective evolve more similarly
during the nonintervention days. A larger o also entails that the central bank’s errors in
estimating e, in any one period are largely carried forward into subsequent period.s, so it
is more valuable to leamn its true value by not intervening. Therefore, iess frequent inter-
vention is more likely to be optimal the larger is o A larger B implies that changes in the
state variable y, are more persistent; yet in the absence of intervention the market price
does not reflect these follow-on changes. so more frequent intervention is desirable.

Information Inference by Market Participants

Intervention Every Period

The information set of market participants is 7", = {x,, .1, . . .}. As is apparent from
an examination of equations (16) and the time-series behavior of the state variables
given in equations (la} and (1b), with this information set the market participants can
identify a signal ¢, defined by

q; = aypey +djey,.

The best estimator of y, is ¥, = By._, + &,4,. The parameter &, is chosen to minimize the
expected squared deviation, that is,
= argming E((5, - )]
= argiming, ElEq,—¢, Y 1= argming E[(& (¢y0e,, +d,)e‘.,)-e).,)ll
= argmimg, [Ef(nm +d)’ cf. +62]
2

I (32)

S T TR
ajy0; +d\0
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One can proceed to derive that

2 .2
ain0;

s O, 33
ajoo; +dic] &

min E[(j.‘ =¥ )Elrr] o

Substituting equations (17) and (33) into (15) yields the expected loss function that is to
be minimized through choice of the parameters of the pricing rule, specifically,

2
W, = 0!6‘[{2[((1" il +u,,e‘,_,]+(qﬂ—|3)y,_, +(dy l)ev\,,} J-{»
=l

. - 2
(1= w)min Ef(y, —y )T, |

uz O':'? 2

= 0V (a)0, @y - . . v€pad)) + (1 - 0) —2—~—— 0. (34)

@ o0, +djo) -

It can easily be verified from the tirst-order conditions for a minimum that the opti-

mal ay,,i=1,2...., and c1 are unchanged from the values obtained above when the

central bank did not intentionally signal its information to market participants (see

equation (25)). For the other parameters. aq and d,, of the pricing function the first-order
conditions are

daV, 2a,,0idio;} 2
+ I = 5 Bl ThD 0‘\- s (} 35
maalu ¢ m)(afncl +dio})’ (35a)
2 22 2
ay 2aj,0,d,0; >
O——(l-W)—————-=0,=0. 35b
a'd| (aﬁ,ofﬁ + dfc% )2 2 ©56)

Now, dV\/day, and dV,/dd, are increasing functions of a\, and d,, respectively, and
equal zero when V, is minimized (see equations (24a) and (24b)). The second tenns of
both (35a) and (35b) are always positive, the former entering with a positive sign and
the latter with a negative. Therefore, .the optimal «, is now smaller than when V, alone
is minimized, and ¢, is larger: when the central bank wants to signal its private infor-
mation, it reacts relatively little to innovations in the state variable known already to
market participants, and relatively strongly to innovations in its private information.
Strengthening the transmission from the central bank to market participants requires that
the current market price deviate more from what would otherwise be its optimum level.
for a given frequency of intervention. It will be useful later to have written the optimal
parameter values as
c? - o:0} o}

=— — K= , dy ==
cl+0l+dlK ® (a6’ +dic?)? 6 —aih,K

dy

Then the minimized expected loss function can be written as

"] (62 +0l+diK)} 1-0’ ol+0

9 2
a0 2
+ {1 =) z— ~=— 5. 36
a6’ +dic? " 36)

5

oici(ciol + 247K ¢ oic? g4
M__ |:.r.(r.\ 1 )+ o X !3+ﬂ'ﬁ)K‘0'{.
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Policy Signaling and Quantity Tenders

Assume first that the centr-al bank undertakes a quantity tender every period. Then its
information set consists of {y, As,_i, ¥,.1. 85e_2, - . .}; it lacks the information about the
current innovation in the state variable x, that would be contained in the signal As,
received through the bidding process. Its pricing rule cannot depend on e, or e,;, and will
take the form

/,l’ 5 Zui.'A-‘:-, +(~|’B~Vl-l +d;l’_;-, . Z[‘J:i(e.tt—i +e.t!—v')}+‘7l’ﬁ,v,_l +dlle_|‘-r (37)
i=] =]

Recall that by assumption the central bank announces y, and As,., at the start of
period ¢. Market participants have an information set {x, P/, X1, ¥e.1» Asi, P’y ...}
from which they can infer the value of y, exactly. The expected squared deviation of
their estimate from the true value is zero. Therefore, the central bank’s expected loss
function becomes

i ’
Wl’ = mE[{_ex: + 2[(0;1' —ole,,;+ “Iieu-—i]

i=]
2
HeB - By, +(df —Deyp [ +(1-0)0.
or in terms of vanances
- 2
Wy = w{oi # 2 [(af —a)ol +ajal]+(cB-PB)Yyi +(df - u’of}
1=1

[tiseasy to establish that the optimal parameters are ay; = cia/(c? + 6?) Vi =1, and
¢, =d, = 1, which are the same as when the central bank does not signal its information.
The minimized expected loss function is thus

2 242

’ o G;0;

%1 =m[0f+—,ﬁ. (38)
l-0*o; +06;

The difference between the minimized expected loss functions (19) and (38) is
Wt - Wt =ofl(ae - D? - 116} + af6? +(d) - 1)? 0}

2 =2
[{T7e] 2
+ (] —0)5—=—0;, (39)
abol +dic?

where it has been established that 0 < d,,< 1 and 4, > 1. Clearly, the last term on the
right-hand side of equation (39) is positive. so for » sufficiently small (when con-
veying information to the market participants is given overwhelming weight), (W} -
W7} > 0. in which case holding a quantity tender with a preannounced price is opti-
mal. The expressions @},62 and (d, — )26} are certainly positive. Hence when either
o? is very large (the signal of market information is noisy) or 62 is very large (the state
variable y is very variable). 4 quantity tender is advantageous. The expression involv-
ing o is necessarily negative. so the more important is market inf ormation, the more
likely it is that the operational interest rate target should depend on the results of the
tender.
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