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Abstract

This paper analyzes the use of announcements of objectives or intentions, announcements
which are common in implementation of monetary policy. To analyze such announcements,
this paper uses a model in which there is asymmetric information over the central bank’s
objectives. This informational asymmetry is represented by a stochastic intation target,
upon which only the central bank can condition its actions. Thus, the scope is set for
signalling, and the use of announcements can be seen as a way for a central bank to signal
its type. This paper assumes that a central bank can signal at its own discretion and shows
that while central banks with high infation targets never use announcements, central banks
with low intation targets occasionally, but not always, will choose to reveal their private
information through an announcement. A ..rst ..nding is that, contrary to what a cheap-talk
equilibrium suggests, the announcements may be more precise the larger the central bank’s
news. Moreover, this paper shows that the frequency of announcements is unambiguously
increasing in the magnitude of the central bank’s news, something that goes well in line with
what is typically found in actual implementation of monetary policy.

1 Introduction

A recent trend within monetary policy is to adopt an infation targeting regime governing mone-
tary policy.? In the past decade countries like Australia, Canada, Finland, New Zealand, Spain,
Sweden, and the United Kingdom have adopted such regimes, and one can argue that the regimes
governing monetary policy in Germany and the United States are similar to the more explicit

infation targeting regimes.?
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One common feature among these intation targeting regimes is that the countries’ central
bankers often state their intentions or objectives in either Infation Reports, public speeches
or press conferences. An example of such a statement stems from the Swedish experience of
infation targeting. In January 1993 the Swedish Riksbank announced that the target rate for
intation was to be 2 percent per year from 1995, with a tolerance interval of one percentage
point around this target. While the infation rate had been consistent with this point target in
the beginning of 1994, infation had started to rise in the latter part of 1994 and had reached
levels close to or just above the higher boundary of the tolerance interval in the beginning of
1995. The Riksbank’s forecasts of infation also pointed to an infation rate between 2.5 and 3
percent for 1996 and somewhat higher for 1997.% The Riksbank therefore stressed in its Intation
Reports that the target was 2 percent and that they would not be satis..ed with an intation
rate close to or just above the higher boundary of the tolerance interval.

Another example of where a central bank has explicitly stated their objectives and intentions
comes from Canada. When the Bank of Canada introduced intation targeting, they did so by
..rst addressing the importance of price stability in a series of speeches in 1988. These speeches
were followed in 1991 by an announcement of the central bank’s intation targets for subsequent
few years, where the targets were to decline from 3 percent per year in 1992 to 2 percent per
year in 1995. There is some empirical evidence that at least the series of speeches in 1988 was
ecective in reducing the private sector’s intation expectations.*

The above are situations in which the central bank itself has the option of making an an-
nouncement. However, there are other situations in which a central bank always makes an
announcement. This applies to the New Zealand regime where it is current practice to an-
nounce the quarterly forecast of a Monetary Conditions Index, MCI, to signal the central bank’s
intentions. Similarly, the German Bundesbank announces its target for the money growth rate.
While discretionary announcements of the central bank are the main focus of this paper, we can
think of the examples from New Zealand and Germany as being special cases of the more gen-
eral model but where the central bank instead commits to announce its objectives or intentions.
Thus, the paper will also have some implications for these types of announcements.

What makes these announcements interesting is that, 1 would argue, there is not a good
theoretical basis for understanding whether they should have any ecects. On one hand, one

could argue that announcements are nothing but examples of cheap-talk. A common result

3 See Sveriges Riksbhank [18].
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from game theory is that cheap-talk should not azect the equilibrium outcome unless there are
multiple equilibria. In this case, cheap-talk can work as a coordination device. Stein [14] further
develops the cheap-talk equilibrium concept and shows that cheap-talk also can have ecects in
situations absent multiple equilibria. The prediction is that the more news the central bank has,
the less precise its announcement should be. While such a prediction may be reasonable when
it comes to the example Stein discusses, the publication of the Federal Open Market Committee
minutes, it does not explain the examples discussed above, where each announcement is a precise
statement of the central bank’s objectives or intentions.

On the other hand, another strand of the literature deals with signalling as a means to resolve
an informational asymmetry.® The idea is that a central bank can convince the private sector
that they have certain objectives by being su¢ciently rigid in conducted policy. However, in
these models the signalling device is the same as the central bank’s policy instrument, usually
assumed to be the infation rate or the interest rate. Again, this is not quite in line with the
above announcement examples.

The purpose of this paper is therefore to present a model that helps us understand how
a central bank can amect the economy through precise announcements of their objectives or
intentions. Moreover, this paper analyzes which central banks will use these announcements and
under which conditions it will choose to do so. To analyze these issues the paper uses a model
that closely resembles the models ..rst introduced by Kydland and Prescott [9] and extended by
Barro and Gordon [2] where a time-inconsistency problem arises when the private sector faces an
overambitious central bank. However, if the only informational asymmetry is over a realization
of a supply shock, there is no need for the announcements. The paper therefore introduces
another informational asymmetry in that the central bank, but not the private sector, knows
the current objectives for monetary policy. This uncertainty over the central bank’s objectives
is represented by a realization of a stochastic intation target, which the private sector can only
observe ex post.

Thus, the scope is set for signalling. However, for signalling to have any ecects it must
be that the signal is perceived as costly to the informed agent, in this case the central bank.
This paper therefore adopts a view similar to the view put forth by Guthrie and Wright [7],
who discuss the eoects of “open mouth operations” in New Zealand, where an open mouth

operation simply refers to the announcement of a numerical value of the MCI. The reason why

% See for instance Backus and Dri¢ll [1], Persson and Tabellini [12] and Vickers [19].



the announcement is perceived as costly to the central bank is that the central bank looses some
Texibility by committing to using an open market operation to bring the MCI in line with the
announcement when the announcement itself does not do so.

This paper dizers from Guthrie and Wright [7] in the following ways. By explicitly modeling
the central bank’s preferences and introducing an informational asymmetry over the central
bank’s objectives, the paper gives a rationale for why the private sector’s expectations may
dizer from the central bank’s. In Guthrie and Wright this dicerence is simply assumed, and if
one assumes rational expectations there is no way that these expectations can dizer. Also, where
they assume that the signalling cost is exogenous this paper derives the value of the signalling
cost endogenously. However, the most important dicerence is that this paper assumes that the
central bank has discretion in the signalling. The added bene..t from such an assumption is
that it is possible to derive the conditions under which a central bank will choose to reveal their
private information.

The paper shows that even though the announcement of the objectives or intentions is
perceived as costly the central bank may choose to reveal its private information. Also, contrary
to the results of Stein [14], the paper shows that the signal may be more precise when the
central bank has more news to reveal. Regarding which types of central banks will use the
announcements and when they will do so, this paper shows that: (i) only central banks with
ambitious objectives will reveal their private information through an announcement, and (ii) the
more news the central bank has to reveal the more frequently they will use the announcements.
These results seem consistent with the two examples of announcements given above in that in
both cases the central banks used announcements in an early stage of in¥ation targeting, when
the uncertainty over the central bank’s objectives was large — or at least larger than what would
occur after a couple of years under the intation targeting regimes.

The paper is organized as follows: Section 2 describes the basic assumptions of the model.
Section 3 uses the assumption that the central bank commits to signalling to derive the values of
the signalling cost in equilibrium. Section 4 assumes that signalling is discretionary and analyzes
when a central bank would use the signalling device and how the equilibrium strategies would

be avected by changes in the informational asymmetry. Finally, Section 5 concludes.



Figure 2.1: Timing of the game with discretion
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2 The Model

The assumed timing of events is shown in Figure 2.1. First, the central bank’s infation target for
period t is realized and observed by the central bank but not by the private sector. Conditional
upon the realization of the intation target the central bank determines whether to signal; that
is, whether to announce their target for the period. Then, the private sector form its intation
expectations, conditional on the possible signal. After the private sector’s intation expectations
are formed a supply shock is realized and observed by everyone, whereupon the central bank
chooses which infation rate to implement. The central bank’s choice of infation also determines
the output for the period. Finally, at the end of each period, the central bank’s intation target
is observed by the private sector.® The same sequence of events is repeated for the following
period.

Since expectations operators will be used frequently it is worth noting how they are de..ned.
An expectations operator of the form E¢; 1X; refers to the central bank’s expectations, whereas
an expectations operator of the form Xy;¢; 1 refers to the private sector’s expectations. Moreover,
the expectations will be conditioned on two dicerent information sets, denoted by t; and t; in
Figure 2.1. As an example, the private sector’s intation expectations are thus denoted Yjt, .

The private sector is characterized by two equations. First, output is given by the supply

® The assumption that the private sector can observe the intation target at the end of each period could be
relaxed at the cost of added algebraic complexity.



curve
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where y; is the (log of) output in period t (measured as deviations from trend and normalized
around zero), ¥ is the infation rate in period t, %{ is the private sector’s intation expectations
for period t, ® > 0 is the impact of surprise infation on current output, and "; is a serially
uncorrelated supply shock with mean zero and variance %2. Second, the private sector’s intation

expectations are assumed to be formed rationally, that is
e = Yo, (2.2)

The central bank is assumed to choose the intation rate so as to minimize an intertemporal

loss-function, which in the beginning of period t is given by
2 3

X
Vt = Etl 4 1 Itl—j51 (23)
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where 2 (0;1) is the discount factor, and L; is the central bank’s period loss-function, which
in period t is
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In the period loss-function, y* _ 0 denotes the optimal level of output and 0 denotes

= 1 s s

the weight attached to output stabilization relative to infation stabilization. %C® denotes the
central bank’s intation target in period t;and S (a) denotes the cost of sending signal a. The
following subsections discuss the central bank’s infation target and the signalling cost in more

detail.’

2.1 The Central Bank’s Infation Target

The central bank’s infation target is assumed to be the private information of the central bank

and follows a ..rst-order Markov chain with two possible states so that

1UCB 2 fu, g, (2.5)

" The model will not be used for making judgements about the optimality of dicerent policies, so there is
no need to introduce a social welfare function. Independently of how the social welfare function is speci..ed, the
optimal policy for the central bank remains the same. However, we can think of the private sector as having the
same loss-function as the central bank (2.4), with the only dicerence being that from the private sector’s view the
optimal level of infation (denoted by %) is constant and equal to the unconditional mean of the Markov chain.
Thus, the central bank’s preferences coincide on average with the private sector’s preferences.



where % < %, and the transition matrix between the states is
LA ; ; #
A 1A

o= "4 A (2.6)

Thus, the probability that the target remains unchanged is denoted by A, where it is assumed
that A _ 1. Similarly, the probability of a switch in the target is then 1 j A - 3.8

The assumption that the central bank has private information about the intation target can
be justi..ed the following way. If we instead assume that the central bank has private information
over the output target, as in Faust and Svensson [5], it can be shown that the gain from resolving
the informational asymmetry always is smaller than the perceived signalling cost. Consequently,
under the assumption that the central bank has private information over the output target, the
central bank prefers never to use an announcement, which seems to be at odds with the examples
of announcements given in the introduction.

Moreover, the assumption of a time-varying intation target can be justi..ed in the following
manner. Consider instead a model where the central bank’s preferences are drawn from a discrete
distribution in the beginning of the game, but once the preferences are determined they remain
constant, as in Backus and Dri€ll [1], Persson and Tabellini [12], and Vickers [19]. Under
these assumptions a central bank with a low intation target would have a large incentive to
resolve the informational asymmetry in the ..rst period of the game. Once this is done, the
model reduces to the traditional discretionary (or committed) equilibrium (depending on how
we assume monetary policy is conducted) in each of the following periods; that is, there would
be no scope for further signalling once the informational asymmetry is resolved.

Thus, both the assumption that the central bank has private information over the intation
target and the assumption that the target varies over time are necessary to generate an equi-
librium in which the central bank sometimes, but not always, announces its objectives. While
these two arguments both are technical in nature, | prefer to interpret them the following way.
The central bank’s policy group consists of dicerent members with possibly dicerent views of the
current economic stance and thus dizerent views of the current optimal policy. These views may
also change over time. When deciding upon which policy to conduct, these possibly dicerent
and changing views must be aggregated. Thus, the assumptions that (i) the intation target

is stochastic, and (ii) this target is the central bank’s private information are just assumptions

8 The assumption of a stochastic infation target is similar to the assumptions made by Faust and Svensson [5]
and Cukierman and Meltzer [4]. The former assume that the central bank’s output target is stochastic and follows
an AR(1)-process whereas the latter assume that it is the central bank’s willingness to trade higher intation for
more stimulation that is stochastic and follows an AR(1)-process.



made to retect the idea that the private sector does not fully know the central bank’s objectives.

2.2 The Signalling Cost

For signalling to have any ewcects it must be perceived as costly to the informed agent, in this
case the central bank. The term S (a) in the loss-function (2.4), where a 2 <, [ T;g, represents
this perceived cost of signalling.® If the central bank chooses to announce its objectives, we
assume that such an announcement is associated with a ..xed cost, f.1° Given the assumption

of a ..xed cost it is convenient to let the cost-function be of the form

f+a fora2<s

S@= 0; fora2 f;g ;

.7)

where the ..xed cost, f, is assumed to be exogenous, whereas the variable cost, a, is a decision
variable of the central bank.

The two dizerent components of the signalling cost can be thought of in the following way.
The ..xed cost, T, represents an actual cost, for example the cost of incorporating the announce-
ment in an infation report, giving a speech to the public, or holding a press conference. On the
other hand, the variable cost, a, can be thought of as a cost in the sense that it allows less fexi-
bility in future monetary policy, which arises because the central bank commits to conducting a
policy which brings the private sector’s beliefs in line with the announcement if the announce-
ment itself does not achieve this.!? The variable cost can also be thought of as capturing a
reputational loss in that the central bank cannot use announcements in the future if the private
sector can verify that the central bank did not announce its true objectives. Thus, a seemingly
cheap announcement may very well be perceived as fairly costly from the central bank’s point

of view.

3 Equilibrium with Commitment in Signalling

While we ultimately are interested in ..nding the equilibrium in which the central bank itself can
choose if and when to signal, it is still useful to start with a simpler version of the model. Thus,
we temporarily assume that the central bank commits to announcing its objectives. However,

the choice of which monetary policy to conduct is assumed to be discretionary throughout the

® In Backus and Dri¢Il [1], Persson and Tabellini [12], and Vickers [19], the signalling cost is represented by the
increased loss from conducting a more restrictive policy than would have been the case absent an informational
asymmetry.

% The ..xed cost will, in equilibrium, distinguish the signal of a central bank with a high target from no signal
at all.

11 This interpretation is the same as the interpretation in Guthrie and Wright [7].



paper. Thus, the assumption of commitment in signalling is just a special case of the timing
shown in Figure 2.1 and may be used to explain the consequences of sighalling that are conducted
in New Zealand and Germany.

The equilibrium concept in this signalling game is the least cost separating Perfect Bayesian
Equilibrium, PBE; that is, an equilibrium where the central bank reveals its objectives by its
action, each agent acts in its own interest given its beliefs, beliefs are consistent with Bayes’ rule
along the equilibrium path, and the signalling itself is ec¢cient. There are multiple equilibria
in this model as well as in most other models with signalling. However, this paper restricts its
attention to only one of these equilibria: the least cost separating PBE, since this equilibrium
is the only equilibrium consistent with the Intuitive Criterion, 1C.*? Thus, the central bank’s
signal completely resolves the informational asymmetry. Moreover, the size of the signalling cost

is as small as possible.

3.1 Optimal Choice of Intation Given the Signal

The assumption that everything is observable at the end of each period together with the
speci..cation of the supply curve in (2.1) simpli..es the solution of this model. Since there are
no endogenous state variables the problem of ..nding the optimal choice of infation reduces
to a static optimization problem. Still, there are quite a few dicerent cases that need to be
considered when ..nding the optimal choice of infation. The central bank’s infation target may
be low or high, and the target may or may not have switched since the previous period. However,
no matter which of these cases we are considering, the central bank’s choice of which intation
rate to implement is always the solution to the same ..rst-order condition.!® This is because
all that the signalling and switching in the target do is to alter the infation expectations, and
these infation expectations are taken as given when the central bank chooses which policy to
implement.

Thus, given the signal and given the private sector’s infation expectations, the optimal choice

12 The Intuitive Criterion (IC) is a re..nement of the set of equilibria in signalling games. For a formal de..nition
of the IC see either the original reference, which is Cho and Kreps [3], or for a somewhat more accessible treatment
see Fudenberg and Tirole [6], section 11.2. The IC takes into account the beliefs that support a given equilibrium
and asks which of these beliefs are reasonable. Intuitively, the IC supposes that one agent deviates from the
proposed equilibrium strategy and then gives the following speech: “I admit that | have deviated, but does this
mean that | am weak? No, for had | actually been weak this deviation would not have been bene..cial for me;
only if I am tough would this deviation make me strictly better oa. Thus, you should not think that | am weak
when my deviation only makes sense if | am tough.” Typically, the IC suggests that only the least-cost separating
equilibrium is supported by reasonable beliefs.

13 As shall soon become clear, the choice of infation expressed as a function of the infation expectations remains

the same. However, given that the intation expectations alter between the possible cases, the actual intation will
vary.



of infation is the solution to the ..rst-order condition

5 .

Ve i H° O, (e i V) =0; 3.1
which is obtained by dizerentiating the loss-function (2.4) with respect to current intation and
using %/% = ® from the supply-curve (2.1). The ..rst term in this ..rst-order condition represents
the current marginal loss from increasing intation slightly and the second term represents the
marginal indirect gain in terms of increased output following an increase in the infation rate.
At the margin these two terms should exactly ooset each other. Inserting the supply curve from
equation (2.1) into the above expression gives the actual outcomes in terms of the parameters

and the infation expectations as

L i

Yo = W_@,y +¥CB + @2 % § ®." ; and (3.2)
® o] 1" : .

Yo = T+62, ®,y" +Y%g® il/“te"'@ t (3.3)

The intation expectations are found as the conditional expectations of (3.2). Note that for the
private sector all that can alter its expectations is a signal from the central bank. Thus, in terms

of the private sector’s beliefs about the intation target, the infation expectations are given by
Y = ®,y" +Yge; (3.4)

where the term 1/455’ denotes the private sector’s beliefs about the central bank’s infation target,

which in turn depends on the signal. Substituting the intation expectations into (3.2) and (3.3)

gives the dynamics of infation and output as

o E ®> "

o= O T Y T i 1 e, 6 and (35)
® 3 5 - 15 . 5

Yo = 1+ ®2 1/4$B i 1/455 + 1+ ®2 t: (36)

The central bank chooses which signal to send based on the expected loss, which can be found
by substituting equations (3.5) and (3.6) into the central bank’s loss-function (2.4) and taking

the conditional expectation as of time t;. This yields

n = CB,O 1 3 2 ’ 2 ®, ° CB CB,Z
Ey Lt 1/4tjt2 = 5 - 1+®, (YY) "'1_'_@32 g il/“tjtz
3 ’b
+W%Z i 20,y" %P it +S(a). (3.7)
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To get some intuition for how the private sector’s beliefs about the central bank’s intation

target azect this expected loss, it is helpful to look at the derivative

n 3 CB’o
O, L; %S e @ -,
e _ CB . yCB o
97CE =0, Traz M i FY (3.8)
tjto >

A central bank with a low intation target faces a situation where the private sector’s beliefs
about the target are higher than or equal to the true target. Thus, the derivative in (3.8) is
unambiguously positive for such a bank, and moreover the value of the derivative is increasing
in %gt‘z’. Thus, as one might expect, a central bank with a low intation target always has an
incentive to reduce the private sector’s beliefs about the target.

The situation facing a central bank with a high intation target is somewhat dicerent. Since
the private sector’s beliefs about the target are always less than or equal to the true target,
the sign of the derivative in (3.8) is ambiguous. If the derivative is positive, which arises when
%gg’ > YEB j %y“, the central bank would like to reduce the private sector’s beliefs about
the intation target. Thus, absent a time-inconsistency problem (i.e., when y® = 0) a central
bank with a high intation target will never try to mimic a central bank with a low infation
target. The intuition is that when y® = 0 and the central bank truthfully reveals its target,
the outcomes in terms of infation and output will on average be on their ..rst best levels.'4
If such a central bank is successful in reducing the private sector’s beliefs about the target,
such a policy would reduce the infation and increase output, both of which are costly to the
central bank. Therefore, under these conditions, such a central bank has incentives to reveal its
target truthfully. On the other hand, if the derivative in (3.8) is negative, which arises when
%gg’ <UEB j %y“, the central bank with a high infation target has an incentive to increase
the private sector’s beliefs about the target through signalling.

Since we will frequently look at the dicerence in losses between two alternative signals, it
is worthwhile to ..nd a general expression for this dicerence. This dicerence in losses can be

expressed as

n = CB,0 n = CB’
Et-]; Lt 1/4tjt2 i Etl Lt btjtz 4
1 @2, M 3 0 3 -
- = > yCB . ¢yCB - 1yCB . CB a yCB . nCB
- 2 1+@2 A0 /“tjtz i i htjtz +2@.y /“tjtz i 1Zitjtz (3.9)

+S@)iSh):

4 The actual outcomes in terms of infation and output will depend on the realization of the supply shock.
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where 1/455’ denotes the private sector’s beliefs about the intation target when the signal a is

sent, and %gt'z’ denotes the beliefs when an alternative signal & is sent.

3.2 The Value of the Signalling Cost

Since there are only two types of central banks in the model, the equilibrium outcome will only
contain two levels of the signalling cost, denoted a and a: To get separation, one will have to
..nd a value of the dicerence between a and a such that no type has an incentive to deviate and
mimic the other type. The least cost separating PBE then naturally implies that one of these
values is zero. As we saw earlier in equation (3.8), a central bank with a low intation target
always has an incentive to try to decrease the private sector’s beliefs about the target. Denoting
the signalling cost that such a bank is willing to bear by a, the least cost separating PBE implies
that a = 0. Thus, all that remains is to ..nd the value of a that ensures that a central bank
with a high target does not want to mimic a central bank with a low target.

The private sector’s beliefs, denoted by 1, are a probability distribution over the possible

signals and are given by
5 .

1 yCB =yja=a = 1;and
A ;

1 yCB =vjaga = 1 (3.10)

That is, the private sector believes that the infation target is low if and only if it sees the signal
a and high otherwise.

Suppose that the central bank plays the proposed equilibrium strategy; that is, each type
of central bank chooses the signal that reveals its infation target. This implies that the private
sector’s beliefs are®®

Vgt = Y B (3.11)
To sustain this outcome as an equilibrium we need to see what happens when a central bank
deviates. Since the optimal choice of intation still is the solution to the same ..rst-order condition
as before, the only way a central bank can possibly gain by deviating in this model is by changing
its signal and making the private sector believe that it is a central bank of a dicerent type than

its true type. Hence, if a central bank deviates and chooses the alternative signal, the private

15 Note that when the central bank plays according to this proposed equilibrium strategy, the outcomes in
terms of infation and output are exactly the same as the discretionary outcome in a model where the central

bank is simply assigned an intation target, %S 2, as suggested by Svensson [15].
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sector’s beliefs about the intation target are
Boe = he®; (3.12)

where bgg’ denotes private sector beliefs when the central bank deviates, and BC® denotes

the target of a type other than the central bank’s true type. To prevent a central bank from
deviating, the expected loss must be smaller when the central bank truthfully reveals its target
than when it deviates. This condition implies that the dicerence in losses in (3.9) must be
non-positive when substituting for the private sector’s beliefs from (3.11) and (3.12). Therefore,
the smallest value of the signalling cost that prevents a central bank with a high infation target

from mimicking a central bank with a low target is given by

Vi il
a ® @ik
a=@.(hi% ¥ itz (“; )

(3.13)

Given that a is as in (3.13), a central bank with a high intation target cannot gain from trying
to convince the private sector that it is a central bank with a low intation target.!® The results

regarding the variable part of the signalling cost are summarized in the following proposition.

Proposition 3.1. With regard to the size of the variable component of the signalling cost, the
following applies:

1. For succiently small values of the output target, y°, the variable component of the sig-
nalling cost is zero.

2. The ewect on the variable component of the signalling cost from an increase in % j % is
ambiguous.

Proof. Part (1) follows directly from equation (3.13). The variable component of the signalling

cost is non-negative if and only if

a ® (il
y . 1ve2. 2 (3.14)
Part (2) follows from dizerentiating (3.13) with respect to (%2 j %), which yields
Vi il
o8 __ e (i) (3.15)

0w - ) V1vez

18 To get some feeling for how large the signaling cost must be, let us look at the following numerical example.

Assume that the parameters have the values ® = | = % y® =1,% =3, and % = 1. This yields a signalling

cost a = 1—58, but how large is this? Consider the situation facing a central bank with a low intation target. If

the central bank signals, the average intation equals 1:25, and the average output equals zero. Thus, for such a
bank to be indirerent between signaling and not signaling the private sector must believe that the central bank’s
intation target is approximately 1:92 if the central bank doesn’t signal. So, if such a central bank does not signal,
the average infation will be 1:35, and the average output will be j0:4, which implies that an increase in intation
of 0:1 and a decrease in output of 0:4 gives rise to a loss as large as the signaling cost a = 1%-

13



the sign of which is ambiguous. B

The intuition for Part (1) of Proposition 3.1 hinges on equation (3.8), where a central bank
with a high infation target has no incentive to deviate absent a time-inconsistency problem.
Furthermore, when y® is close to zero, the gains from deviating are of second order, and thus
a central bank with a high infation target only has incentive to try to reduce the private
sector’s beliefs about the target when y® is su¢ciently high. This result shows that when the
informational asymmetry stems from an uncertainty over the policymaker’s objectives, signalling
may sometimes, but not always, be costless and still have the desired exects on the private
sector’s expectations.

Part (2) of Proposition 3.1 shows that for su¢ciently large values of y® the signalling cost
is increasing in % j %, whereas for small values of y® the signalling cost is decreasing in % j %.
The intuition for this result hinges on the intationary bias, which arises in an equilibrium
where the central bank reveals its target truthfully. This infation bias is increasing in the
output target. Thus, for small values of y®, this infation bias is also small, so a central bank
that deviates may induce an average intation that is below the target. If uncertainty about the
target increases, the incentives to deviate decrease, so the signalling cost necessary for separation
decreases. Conversely, if the infation bias is su€ciently large, an increase in uncertainty about
the policymaker’s preferences increases the incentives to deviate so that the signalling cost in
this case increases.

The result in Part (2) of Proposition 3.1 can be interpreted as contrary to the results in
Stein [14], where a cheap-talk equilibrium implies that the bigger the central bank’s news, the
less precise its announcement should be. Within this framework, it is natural to think that the
central bank’s news is bigger when (% j %) is large. Furthermore, a is assumed to capture the
loss of texibility that the central bank incurs by announcing it’s objectives. It seems reasonable
that the more precise the announcement, the greater the loss of this fexibility. Thus, the result
that there is an ambiguous exect of an increase in (% j %) on the variable component of the

signalling cost is contrary to the results of Stein.

4 Equilibrium with Discretionary Signalling

We now drop the assumption that the central bank always announces its objectives and instead
turn to a model where the central bank can decide if and when it wants to signal. Since

an equilibrium with discretionary signalling is dicerent from what is typical in models with
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signalling, we ..rst de..ne the equilibrium.

De..nition 4.1. An equilibrium with discretionary signalling is de..ned as a situation
where:

1. The central bank plays the strategy consistent with the least cost separating Perfect
Bayesian Equilibrium (PBE) if it chooses to signal.

2. The central bank chooses to signal if it ..nds it bene..cial to do so.

3. The private sector’s beliefs are consistent with Bayes’ rule along the equilibrium path.

Thus, if a central bank chooses to signal, it plays the strategy described in the preceding
section, and the results in Proposition 3.1 remain valid whenever the central bank chooses to
signal. What remains is to solve for the outcome when a central bank chooses not to signal,
and correspondingly to determine if and when it will signal. The following subsections describe

these steps in detail.

4.1 Equilibrium when the Central Bank does not Signal

When the central bank does not signal, the private sector can base their intation expectations
on the past realization of the central bank’s infation target and on the fact that the central
bank did not signal. The private sector’s beliefs about the target when the central bank does

not signal can be described by
Vg = ghr + (Ui O BeS (4.1)

where q is the private sector’s probability assessment that the central bank’s intation target did
not change, and bfiBl denotes the infation target of a central bank of the other type. For both
types of central banks there are four possible signalling strategies; (i) always signal, (ii) never
signal, (iii) signal if the target remains unchanged but not if it has switched, and (iv) signal if
the target has switched but not if it remains unchanged.!’

There are only three possible values for the probabilities that can be consistent with Bayes’
rule, , g 2 f0;A; 1g. To see this, consider the case where the private sector sees no signal but
does know that the central bank’s infation target in the preceding period was low. If a central
bank whose infation target was low in the preceding period never signals, then q = A is the
only probability assessment that is consistent with Bayes’ rule. However, if the same central

bank always signals when the target has switched but never when it remains unchanged, then

17 The possibility of a mixed strategy in the signalling is excluded.
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no signal implies that the target has remained unchanged, so ¢ = 1 is the only probability
assessment that is consistent with Bayes’ rule. Finally, if such a central bank always signals
when the target remains unchanged but never when it has switched, then g = 0 is the only
probability assessment that is consistent with Bayes’ rule.

By substituting these beliefs into equations (3.5) and (3.6), we have a complete description
of the dynamics of intation and output when there is no signal. Thus, all that remains is to
determine if and when a central bank will use the signalling device and when it will keep the

informational asymmetry.

4.2 When Will the Central Bank Signal?

For both types of central bank, the decision about whether to signal is based on the dicerence in
losses between two alternative strategies, given by (3.9). Here, the private sector’s beliefs under
the alternative strategy are from (4.1) with its respective probabilities, and the signalling cost
is given by (2.7), where a is as in (3.13). The central bank will choose a proposed equilibrium
strategy if this dicerence in losses is non-positive and will deviate otherwise. Note that the size
of the signalling cost in (3.13) prevents a central bank from trying to mimic the other type.
Thus, a deviation exclusively refers to the choice of whether to signal. As an example, if the
proposed strategy is to never signal, a central bank can deviate by either signalling if the target
remains unchanged or signalling if it has switched. Thus, there are two possible deviations for
this signalling strategy, and this holds for the other signalling strategies as well. Then, for a
strategy to be an equilibrium, the central bank should not deviate independently of the current
realization of the intation target.

Which of these four signalling strategies that actually are equilibria depends on the ..xed
cost, f. As an example, it is easy to understand that if the ..xed cost is su€ciently large the
strategy to never signal will be an equilibrium strategy. The private sector then rationally will
believe that the probability that the central bank’s intation target has remained unchanged is
A, which is consistent with Bayes’ rule.

Since there are two possible deviations for each signalling strategy, there are two restrictions
on the value of the ..xed cost for each of these four strategies. For a strategy to actually be
an equilibrium, the ..xed cost must satisfy both of these restrictions. Table 4.1.a shows the
restrictions on the ..xed cost such that the four candidate signalling strategies are possible

equilibria for a central bank whose infation target in the preceding period is low, and Table
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4.1.b shows the corresponding values for a central bank whose intation target in the preceding
period is high. There are two constants in these tables, de.nedas+ =® (% j %), and ° = ﬁr.

In both tables a restriction that implies negative ..xed cost is marked by a zero.!®

Table 4.1.a. Restrictions on the ..xed cost for a central bank with %58 = %.

Value Current Infation Target
Row [ Signalling strategy of g uEB =Y, 1CB =1
33 i =
1 Always signal A [fF-1, QiR?*+1 % i Y°A f<o0
33 - -
2. | Never signal A |fF_t, QiA*+1 ZGyA | F_0

Don’t signal if %f® = %ER,
Signal if %F® & %GR

Signal if %g® = %GR,

Don’t signal if %£® & %GR

Notes: The central bank will play the proposed equilibrium strategy for values of the ..xed cost, f, that satisfy

the constraints in the table. The constants are de..ned as + = ®(% j %) and ° = ﬁz—

The results regarding which strategies are equilibria are summarized in the following propo-
sition.

Proposition 4.2. In a game with discretionary signalling, each type of central bank has only
two equilibrium strategies.

1. Never signal.

2. Signal if the current realization of the infation target is low; do not signal if it is high.

Proof. That the strategy to always signal never is an equilibrium follows from the ..rst row
of Table 4.1.a - 4.1.b. If the current realization of the infation target is high the central bank
requires a negative ..xed cost to play that strategy. Thus, this cannot be an equilibrium. Note
that any belief, ¢, is consistent with Bayes’ rule given this strategy, since if the central bank
plays this strategy there will always be a signal, and thus Bayes’ rule does not apply to these

beliefs. However, it can be shown that independent of these beliefs there is no equilibrium in

18 When deriving these values, the central bank’s output target is assumed to satisfy (3.14), which ensures that
a _ 0. Although the values in Tables 4.1.a - 4.1.b change when a = 0; the qualitative results remain unchanged.
It can be shown that the values corresponding to Tables 4.1.a - 4.1.b always are larger when a = 0.
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Table 4.1.b. Restrictions on the ..xed cost for a central bank with %5 = 1.

Value Current Infation Target
Row | Signalling strategy of g uCB =y, B =1
33 - -
1. | Always signal A JF-x A+1 S i0iAY f<0
33 - -
2. Never signal A Jf_t, A+1 2 i0iAy f.0

Don’t signal if %$® = %GR,
Signal if B & ¥ER
Signal if %¢B = u&R,

4. 0 f_0 f-0
Don’t signal if %¢® 6 %GR

Notes: The central bank will play the proposed equilibrium strategy for values of the ..xed cost, ¥, thatsatisfy
the constraints in the table. The constants are de..ned as + = ®% j %) and ° = ﬁz—

which the central bank always signals. Moreover, that the strategies that involve signalling when
the current infation target is high are not equilibria follows from row 3 of Table 4.1.a and row 4
of Table 4.1.b. Again, for these strategies to be equilibria a central bank whose current infation
target is high requires a negative ..xed cost to play them.

That the strategy to never signal is an equilibrium for a central bagl; with 1/4&81 = Y follows _
from row 2 of Table 4.1.a. For values of the .xed cost that satisfy f _ £, (1§ A +1 % j y°A
such a central bank prefers not to signal independently of the current realization of the target.
Thus, the private sector rationally believes that the probability that the target has remained
unchanged is A, which is consistent with Bayes’ rule. The same argument applies for a central
bank whose target in the preceding period was high. From row 2 ofsl'able 4.1.b it follows that
never signal is an equilibrium for such a bank for .xed costs f _ +, A?+1 % i (1iAy".

That the strategies that involve signalling when the current realization of the intation target
is low are equilibria follows from row 4 of Table 4.1.a and row 3 of Table 4.1.b., respectively.
These strategies are equilibria for ..xed costs 0 - £ - +2°_ where the private sector rationally
believes that no signal implies that the current realization of the target is high, which is consistent
with Bayes’ rule. W

The intuition for why the strategies that involve signalling if the current target is high but

not if it is low are not equilibrium strategies is the following. A central bank whose current
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infation target is high will be perceived as a central bank with a high target independent of
whether it signals. Thus, it will not pay a ..xed cost when the current target is high to resolve
an informational asymmetry which also would be resolved by not signalling.

Proposition 4.2 thus establishes the result that any equilibrium that involves signalling im-
plies that only central banks whose current intation target is low undertake signalling. Thus,
the ..rst prediction from this model is that only central banks with ambitious objectives engage
in signalling.

Moreover, it is interesting to note that there is a possibility of multiple equilibria. If the
.xed cost is larger than +2_°, the unique equilibrium is to never signal. However, for smaller
values of T both equilibria may exist at the same time. This is most easily seen by noting that
for y° succiently large the strategy to never signal is always an equilibrium, and for £ - +?_°
the strategy that involves signalling if the current target is low is also an equilibrium. Thus,
whenever the two equilibria coexist, the traditional coordination problem applies; that is, how
do the central bank and the private sector know which equilibrium strategy to play? It seems
reasonable that history and reputation may play an important role as such a coordination device.

It it also interesting to see how these equilibrium strategies are acected by changes in the
parameters. Of particular interest are changes in % j % and A, since they both relate to the
central bank’s private information and thus the news the central bank has to reveal. De..ne the
frequency of signalling as being the number of equilibria that involve signalling divided by the
total number of equilibria. Then, the results regarding the frequency of signalling are given in

Proposition 4.3.
Proposition 4.3. The frequency of signalling has the following characteristics.

1. It is non-decreasing in % j Y%.

2. It is non-increasing in A for a central bank with %GB = % and non-decreasing in A for a
central bank with %&R = 7.

Proof. Part (1) of this proposition follows from studying the restrictions on the ..xed costs from
Tables 4.1.a - 4.1.b. Each of the relevant restrictions satisfy #ﬁﬂ) > 0: Thus, for each type the
strategy to never signal may no longer remain an equilibrium strategy as % j % increases, whereas
it will remain an equilibrium strategy as % j % decreases. Similarly, strategies that involve
signalling when the current infation target is low will always remain equilibrium strategies as

% § Y% increases, whereas they may no longer be equilibrium strategies as % j % decreases.
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Part (2) follows in a similar way. Neither of the strategies that involve signalling when the
current intation target is low are acected by changes in A. For a central bank with 1/4&81 = U,
the strategy to never signal will always remain an equilibrium as A increases, whereas it may no
longer be an equilibrium as A decreases. This follows from dicerentiating the relevant restriction
on the ..xed cost with respect to A and noting that it satis..es %E < 0. However, for a central
bank with 1/4&81 = % the opposite holds true since the relevant constraint satis...es %,f;- >0 1

The following corollary is useful in understanding the results from Proposition 4.3.

Corollary 4.4. The frequency of signalling is non-decreasing in the magnitude of the central

bank’s news.

Proof. An increase in % j % represents an increase in the central bank’s news for both types
of central banks, and thus, by Part (1) of Proposition 4.3, the frequency of signalling is non-
decreasing in any news that stems from an increase in % j %. Moreover, a decrease in A for a
central bank with 1/4&81 = Y% implies that the central bank’s news is larger, since whenever the
preferences do remain unchanged this would be less expected from the private sector’s point of
view. On the other hand, a decrease in A for a central bank with Y%igH = % implies that the
central bank’s news instead is smaller, since if the target actually switches this would be less of
a surprise to the private sector. Thus, by Part (2) of Proposition 4.3, the frequency of signalling
is also non-decreasing in any news that stems from a change in A. W

That the frequency of signalling is non-decreasing in the news the central bank has to reveal
also relates to the result from Stein [14]. It was earlier argued that the signal itself may be more
precise the larger the central bank’s news. Moreover, Corollary 4.4 shows that the larger the
news the central bank has to reveal, the more frequently we expect to see the announcements.
However, that the frequency of signalling is increasing in the central bank’s news con..rms the
results in Guthrie and Wright [7] and seems more in line with the examples of announcements

from Sweden and Canada given in the Introduction.

5 Conclusions

This paper tries to explain why central banks sometimes, but not always, announce their ob-
jectives or intentions to the private sector. The paper uses a model that closely resembles the
model in Kydland and Prescott [9] and Barro and Gordon [2], but it introduces an uncertainty

over the central bank’s preferences. This uncertainty is represented by a stochastic infation
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target, upon which only the central bank can condition its actions. Thus, announcements can
be seen as another example of signalling, but the signalling device is no longer the same as the
central bank’s policy instrument. However, for signalling to acect the private sector’s beliefs it
must be perceived as costly for a central bank to use such announcements. This cost is modelled
as two distinct parts, a ..xed cost and a variable cost. The ..xed cost may represent for exam-
ple the actual cost of holding a press conference, giving public speeches, or incorporating the
announcement in an infation report. The variable cost captures two things, a loss of fexibility
and a reputational ecect. The loss of Fexibility arises because the central bank commits to
bringing the actual infation in line with the announcement if the announcement itself does not
achieve this. The loss of reputation arises when the central bank announces something that can
be proved incorrect ex post, since any future announcement will be disregarded by the private
sector.

Within this framework the paper ..rst derives how large the variable part of the signalling
cost must be to arect the private sector’s beliefs. It is shown that the ecect of an increase in the
uncertainty over the central bank’s objectives has ambiguous ecects on the size of the signalling
cost. It seems natural that a more precise announcement would be perceived as more costly to
the central bank and thus, counter to what a cheap-talk equilibria suggests, that the signal may
be more precise the larger the central bank’s news.

Signalling is assumed to be discretionary, and this paper studies if and when a central bank
will make announcements. It is shown that weak central banks will never make announcements
whereas tough central banks sometimes, but not always, will resolve the informational asym-
metry through an announcement. There are multiple equilibria in this model, some of which
involve no signalling and some of which involve signalling from a tough central bank. The paper
studies what happens to these equilibria as the central bank’s private information increases and
shows that the more news the central bank has to reveal the more frequently they will use the
announcements. This result goes well in line with the examples of announcements in the intro-
duction to this paper where both the Swedish Riksbank and Bank of Canada announced their
targets at the early stage of intation targeting, when the uncertainty over their objectives was
large.

The paper assumes that the private sector always believes that the signal is perceived as
costly to the central bank because the central bank commits to bringing the infation rate in line

with the announcement if the announcement itself does not achieve this. Thus, the mechanism
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that prevents a central bank with a high intation target from mimicking a central bank with
a low intation target is this commitment, which implies that all announcements are perfectly
credible in this model. However, in real life all announcements are not credible, which may stem
from the lack of such a commitment. Hence, it would be interesting to analyze the ewvects of
announcements in a model where the central bank itself also can choose whether to bring the
intation rate in line with the announcement if the announcement itself does not get the intation
rate aligned. This would give a better microfoundation for what a signalling cost represents and
would help us understand why some signals azect the private sector’s expectations whereas
others don’t. However, most of the qualitative results from this paper will probably be valid in

such a model as well.

22



References

[1] Backus, David, and John Dricll (1985), "Rational Expectations and Policy Credibility
Following a Change in Regime”, Review of Economic Studies 52, 211-221.

[2] Barro, Robert, and David Gordon (1983), ”A Positive Theory of Monetary Policy in
a Natural Rate Model”, Journal of Political Economy 91, 589-610.

[3] Cho, I. K., and David Kreps (1987), Signalling Games and Stable Equilibria”, Quar-
terly Journal of Economics 102, 179-221.

[4] Cukierman, Alex, and Allan H. Meltzer (1986), ”A Theory of Ambiguity, Credibility,
and Intation Under Discretion and Asymmetric Information”, Econometrica 54, 1099-1128.

[5] Faust, Jon, and Lars E.O. Svensson (1998), "Transparency and Credibility: Monetary
Policy with Unobservable Goals”, NBER Working Paper, No 6452.

[6] Fudenberg, Drew, and Jean Tirole (1993), ”Game Theory”, MIT Press, Cambridge.

[7] Guthrie, Graham, and Julian Wright (1998), "Market-Implemented Monetary Policy
with Open Mouth Operations”, work in progress.

[8] Johnson, David R. (1997), "Expected Infation in Canada 1988-1995: An Evaluation of
2B?z:1n2kg§f2g§mada Credibility and the Ewect of Intation Targets”, Canadian Public Policy

[9] Kydland, Finn, and Edward Prescott (1977), ”"Rules Rather than Discretion: The
Inconsistency of Optimal Plans”, Journal of Political Economy 85, 473-492.

[10] Leiderman, Leonardo, and Lars E.O. Svensson (eds.) (1995), Infation Targets,
CEPR, London.

[11] McCallum, Bennett, and Edward Nelson (1998), ”Nominal Income Targeting in an
Open-Economy Optimizing Model””, work in progress, Carnegie Mellon University.

[12] Persson, Torsten, and Guido Tabellini (1990), ’Macroeconomic Policy, Credibility and
Politics”, Harwood Academic Publishers, New York.

[13] Rudebusch, Glenn D., and Lars E.O. Svensson (1998) Policy Rules for Infation
Targeting”, NBER Working Paper, No 6512.

[14] Stein, Jeremy C. (1989), ”Cheap Talk and the Fed: A Theory of Imprecise Policy An-
nouncements”, American Economic Review 79, 32-42.

[15] Svensson, Lars E.O. (1997), "Optimal Intation Targets, 'Conservative’ Central Banks,
and Linear Infation Contracts”, American Economic Review 87, 98-114.

[16] Svensson, Lars E.O. (1998), "Open-Economy Infation Targeting”, forthcoming in Jour-
nal of International Economics. Also available as NBER Working Paper, No 6545.

[17] Svensson, Lars E.O. (1998), ”Intation Targeting as a Monetary Policy Rule”, NBER
Working Paper, No 6790.

[18] Sveriges Riksbank (1995), Infation and Intation Expectations in Sweden, November
1995, Sveriges Riksbank

[19] Vickers, John (1986), ”Signalling in a Model of Monetary Policy with Incomplete Infor-
mation”, Oxford Economic Papers 38, 443-455.

23



