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Abstract

We de�ne and study transparency, credibility, and reputation in a model where the central
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outcome. A low-credibility bank optimally conducts a more expansionary policy than a
high-credibility bank, in the sense that it induces higher in�ation, but a less expansionary
policy in the sense that it induces lower in�ation and employment than expected. Increased
transparency makes the bank�s reputation and credibility more sensitive to its actions. This
has a moderating in�uence on the bank�s policy, and induces the bank to follow a policy closer
to the socially optimal one. Full transparency of the central bank�s intentions is generally
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direct observability of idiosyncratic central bank goals removes the moderating incentive on
the bank and leads to the worst equilibrium.
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1 Introduction

In December 1989, as U.S. in�ation was cresting 5 percent for the �rst time in 6 years, the

Federal Open Market Committee (FOMC) held discussions regarding whether the Fed should

more �rmly pursue �price stability.�1 FOMC members generally agreed that price stability was

their in�ation goal, with FOMCVice Chairman Corrigan referring to their [[13], p. 45] �collective

zeal� on this point. When President Forrestal (Atlanta Fed) questioned public support for

raising unemployment to lower in�ation from just under 5 percent, Dr. Prell (director of the

Fed�s Division of Research and Statistics) immediately responded that [p. 14�15] �. . . if the

public thinks that the FOMC is thinking this way, then that means there is no credibility to the

disin�ationary commitment. . . . So we�re in that credibility bind. . . .� Several members o¤ered

views like that of FOMC vice chairman Corrigan [p. 30�31]: �. . . I don�t think it�s prudent for

this institution. . . to bet the ranch on that [credibility] because if we�re wrong we�ve got a heck of

a problem on our hands. . . � President Stern (Minneapolis Fed) stated [p. 21]: �. . . I personally

would start with the weak credibility case.. . . [I]f you start with something as pessimistic as that

I think you have a di¢cult challenge in a rigorous way to justify [the pursuit of price stability].�

The FOMC chose not to pursue its zealously-held goal at that time.

This discussion provides a dramatic example of how thoroughly the concepts and language

from literature on commitment and discretion�beginning with Kydland and Prescott [20] and

Barro and Gordon [3]�have been integrated into positive and normative discussions of monetary

policy. Both policymakers and academics now discuss policy in the language of game-theoretic

political economy. This paradigm rose to favor in industrialized countries because it o¤ered an

account of why governments in the 1960s and onwards chose widely unpopular and historically

high rates of in�ation. The large literature that has followed Kydland and Prescott and Barro

and Gordon has spawned a sort of folk wisdom regarding credibility and transparency. This

wisdom involves claims like2

1. A central bank with low credibility should, everything else equal, conduct a less expan-
sionary policy than a high-credibility bank,

2. A central bank with low credibility has less �exibility to respond optimally to shocks, and

3. Greater transparency improves credibility and thereby policy outcomes.

1 We put price stability in quotation marks, since when central bankers refer to price stability they may mean
low or zero in�ation, which implicitly or explicitly allows base drift of the price level. The price level in this case
has a unit root and, outside central banking circles, would probably not be thought of as �stable.�

2 See for instance Federal Reserve Bank of Kansas City [12] for similar statements. Bernanke and Mishkin [4]
is a standard reference to statement (2). King [19] argues for (3).
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For instance, following the third claim, several countries have attempted to raise the credibility

and transparency of low-in�ation policy by announcing explicit in�ation targets and by issuing

regular In�ation Reports.3

Since the early-1980s, many countries have begun to attain extended records of low-to-

moderate in�ation. While the concepts of credibility, reputation, and transparency continue to

play a prominent role in policy analysis, it is not clear that the literature provides clear guidance

as to the relevance of the concepts under moderate in�ation. After six years of low in�ation,

should a central bank still expect to have low credibility? Should the reaction to low credibility

be a looser policy than under high credibility (as the FOMC chose) or tighter policy as suggested

by the folk wisdom? How does increased transparency improve performance, and is increased

transparency both in the interest of society and of the central bank?

The goal of this paper is formally to assess the importance of dynamic credibility and trans-

parency under persistently low in�ation (say, below �ve percent). The most easily attained goal

of such work is to provide a laboratory in which to assess the validity of the folk wisdom claims.

Our results indicate, for instance, that a low-credibility bank conducts a more in�ationary policy

than a high credibility bank in the sense that it induces higher in�ation, but a less expansionary

policy in the sense that it induces lower-than-expected in�ation, and, hence, lower employment.

As for transparency, the results are more subtle. Increased transparency of the central bank�s

intentions is generally socially bene�cial. Such transparency makes the bank�s reputation and

credibility more sensitive to its actions. This has a moderating in�uence on the bank�s policy.

Full transparency of the bank�s intentions is generally socially optimal, but for interesting cases,

this transparency is not in the interest of the central bank. Surprisingly, what we call extreme

transparency, when the central bank�s idiosyncratic goals are directly observable, removes any

moderating incentive on the bank and results in the worst possible outcome both for the bank

and for the public. We believe these results capture important generalities, but the model still

is missing too many elements of reality to be taken directly to the data at this stage.

Section 2 speci�es the main building blocks and the basic features of our model. Section 3

speci�es our baseline regime, when the central bank�s goals and intentions are unobservable to

the private sector, as well as to two alternative regimes. Section 4 summarizes how credibility

a¤ects optimal policy; section 5 discusses transparency. Section 6 summarizes and concludes.

The appendices contain technical details.

3 See Leiderman and Svensson [21], Haldane [17] and Federal Reserve Bank of Kansas City [12].
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2 Building blocks

Episodes like that of the FOMC in 1989 suggest two features that must be captured in a model

of dynamic credibility in moderate in�ation countries. First, the public continuously attempts

to deduce the central bank�s preferences from policy outcomes. Modelling this requires that

the central bank�s relative preferences for employment and in�ation evolve in ways not fully

observed by the public. In reality, central bank preferences represent an aggregation of the het-

erogeneous preferences in society as manifested through the selection process of central bankers,

the policymaker�s interactions within the rules for decision-making, and their reaction to ex-

ternal pressures.4 At moderate rates of in�ation, the marginal trade-o¤ between in�ation and

unemployment for key groups in society is unclear, making the central bank�s process of prefer-

ence aggregation extremely opaque. We assume that this can be approximated as a central bank

with goals that are to some extent both random and unobservable from the public�s perspective.

Second, the central bank�s policy actions do not �awlessly reveal its intentions. This feature

works hand-in-hand with the �rst feature in guaranteeing that the public is not certain about

the central bank�s taste for in�ation and employment. We believe that there is su¢cient noise

in the economy so that, e.g., when the in�ation rate brie�y rose above 5 percent in 1990 in the

U.S. there was understandable dissent in the public over whether the Fed had a greater taste

for in�ation than previously thought.

The model of Cukierman and Meltzer [9] (CM) is an excellent starting point for work ex-

hibiting these two features. In CM, the central bank has unobserved goals that evolve contin-

uously over time. More precisely, a parameter in the central bank�s loss function�which can

be interpreted as the marginal gain from increased output�is dynamic, stochastic, and private

information of the central bank. Further, noise in the economy keeps the public from �awlessly

deducing the central bank�s intentions from economic observables.

An alternative is to start with a model in which the central banker�s type is drawn�perhaps

from a discrete set�and remains �xed for a �xed term. When the central banker�s type is �xed

for all time (as in Cukierman and Liviatan [7]) there is no scope at all for studying the role of

variation of preferences. When the term is �nite (as in Backus and Dri¢ll [1]), the important

dynamics of credibility and reputation arise from the closeness to the end of term, at which

point the central banker spends any remaining reputation and reveals her true type. We know

4 See Faust [10] for an examination of the importance of rules of selection and bargaining for monetary policy
in the U.S.
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of little empirical support for the view that end-of-term dynamics are crucial.5

While the CM model has great potential, and we believe deserves far more attention than

it has received, it has drawbacks that we attempt to address. First, the CM loss function is

questionable, since it can be interpreted as being linear in output: the central bank would accept

arbitrary increases in employment variance for tiny reductions in in�ation. As we show, this

choice of loss function implies that central banks behave the same way regardless of whether

credibility is low or high. This prediction of the indi¤erence of central banks regarding credi-

bility overturns claims (1) and (2) above and is strongly counterfactual. Second, the e¤ects of

transparency in CM are inextricably linked with control-error variance�unavoidable error in

implementing policy decisions�so that improving transparency also means improving monetary

control. We would like to capture aspects of certain real world e¤orts to improve transparency,

which often involve measures, such as issuing in�ation reports, that are intended to increase

transparency but do not directly alter the degree of monetary control.

2.1 The model

The model di¤ers formally from CM�s only in the period loss function and in the speci�cation of

the control error. The model has two agents, the private sector (also called the public) and the

central bank. The private sector�s behavior is summarized by two relations. First, employment

is generated by a standard Phillips curve,

lt = (¼t ¡ ¼tjt¡1) + "t; (2.1)

where lt is (log) employment in period t, and ¼t is the in�ation rate in period t (the change in

the log price level between period t¡ 1 and t) and "t is an employment shock (a supply shock).
The average rate of employment, E [lt], is normalized to equal zero. The second relation de�nes

¼tjt¡1, the private-sector expectation of in�ation. Private-sector expectations are rational, in

that their expectation of in�ation is the mathematical expectation in the model, given the private

sector information set. In order to keep track of the asymmetric information, our conventions

are that the expectations operator with respect to central bank information is E, and that with

respect to private-sector information is Ep. Subscripts like tjt¡1 always indicate the private-

sector conditional expectation of a variable in period t, seen from t¡ 1; thus, given the rational
expectations assumption, ¼tjt¡1 = E

p
t¡1¼t.

5 Several factors may limit the importance of such dynamics, for example, overlapping terms and the importance
of reputation after leaving the post.
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The central bank has imperfect control over in�ation,

¼t = it + ´t, (2.2)

where it is the central bank�s intention for in�ation, and ´t is a mean-zero control error. Note

that it is not the central bank�s instrument, which is usually easily observable. This equation

sweeps under the rug all issues of how the central bank�s intention is (imperfectly) implemented

through the manipulation of its instruments. In our baseline case, the central bank�s intention

is not observed by the public, and (2.2) captures the realistic feature that outcomes observed

by the public do not fully reveal central bank intentions.6

The central bank�s loss function at the end of period t¡ 1 is

Et¡1
1X
j=t

¯j¡tLj , (2.3)

where ¯ (0 < ¯ < 1) is a discount factor, and where the period t loss function is

Lt ´ 1

2

h
¼2t + (lt ¡ l¤t )2

i
. (2.4)

The central bank�s total employment target, l¤t ; ful�lls

l¤t = l¤ + zt; (2.5)

zt = ½zt¡1 + µt, (2.6)

where l¤ ¸ 0 is the long-run employment target, zt is a time-varying preference parameter that
we call the employment target, 0 · ½ < 1, and µt is a shock to the target. We will generally

take zt as being unobservable to the public.

These preferences can be interpreted as representing a central bank with an explicit zero

in�ation target, and an implicit, unobservable, and time-varying employment target. We in-

terpret the stochastic portion of the loss function as arising from shifts in the way the central

banking structure aggregates heterogeneous societal preferences.7 Given heterogeneous individ-

ual preferences in the private sector, it is clear that (2.4) does not represent an unambiguous

measure of social loss; indeed, we are presuming that there is no such measure. Because it is

common to assume that central banks have preferences that are in some way unrepresentative

6 At the expense of added mathematical complication, we could add an instrument that the central bank
manipulates and that is observed by the public but whose value does not directly reveal intentions.

7 It might seem natural to have l¤ �xed but to have the relative weights on the in�ation and employment terms
vary stochastically. Under this formulation, however, the solution to the problem is not a linear decision rule.
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of the public,8 we will make some welfare comparisons using what we stipulate to be a more rep-

resentative social loss function. In particular, we view the zt component of (2.5) as representing

idiosyncratic central-bank preferences (that may, for instance, re�ect a temporarily increased

in�uence or pressure from some special-interest group) and we say that the representative social

loss function has the same form as (2.3), but with the period loss given by

Lpt ´
1

2

h
¼2t + (lt ¡ l¤)2

i
; (2.7)

where zt does not enter. Thus, the private sector appoints a central banker with goals that

coincide with the private sector�s on average, but that wander a bit with the vagaries of the

central bankers� preferences.9

While we examine several regimes, in all regimes the central bank has full information about

its preferences and, at the end of period t, it has full information about all period t shocks.

The time line in each period goes as follows. At the end of period t ¡ 1; the public forms
its expectations of period t variables. The central bank observes those expectations. At the

beginning of period t, the central bank observes its employment target, zt, and the supply

shock, "t; and chooses its intention, it. Next, the control error, ´t, is realized, giving ¼t and the

public observes "t, giving lt. Then the cycle begins again. All of the shocks in the model are

jointly normal, mutually uncorrelated, and have zero mean and �xed variance. The variance of

any particular shock x is denoted ¾2x.

2.2 Reputation, credibility, and transparency

One of the bene�ts of this framework is that it allows fairly natural implementations of the key

notions of credibility, reputation, and transparency. In our framework, these concepts all relate

to the dynamics of central-bank preferences. When zt is high, extra employment is especially

valuable to the bank, raising the marginal bene�t to positive in�ation surprises. If zt were fully

observed in period t¡1, then when the public observed a high zt its in�ation expectation would
rise to the point at which the marginal employment bene�t to the central bank from slightly

higher than expected in�ation would just be o¤set by the in�ation cost. The bank would then

8 Cf., for instance, Rogo¤ [28], Walsh [32] and [33], Persson and Tabellini [27] and Svensson [31].
9 The interpretation of loss functions in models in the Barro-Gordon framework is always subtle and compli-

cated. One can construct (mostly from arguments given elsewhere in this literature) a justi�cation of (2.4) as
a true social loss function. In short, the variable zt is the desired rate of employment, which di¤ers from the
natural rate due to time-varying distortions about which the central bank has special knowledge. More in line
with our preferred interpretation, one can arrive at both (2.4) and (2.7) as di¤erent aggregations of heterogeneous
individual losses with (2.7) involving more representative weights. We prefer to interpret them less literally as
approximations that capture essential features of the problem.
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implement the expected in�ation rate.

When zt is not observable, the public�s in�ation expectation depends on its period t ¡ 1
assessment of the central bank�s period t employment target, ztjt¡1. Thus, ztjt¡1 summarizes

the reputation of the central bank among private sector agents.10

We are also interested in the credibility of the zero (expected) in�ation policies that are

optimal in our model.11 Thus, we imagine the central bank in each period t¡ 1 announcing a
zero in�ation target for period t, and we measure an index of the credibility of that announcement

as minus the absolute value of the public�s in�ation expectation:

ct¡1 ´ ¡ j¼tjt¡1j: (2.8)

The further in�ation expectations are from zero, the lower is credibility.12

Whether or not the reputation correctly characterizes the bank�s preferences is almost as

important as reputation itself. When Prell referred to a �credibility bind� in the FOMCmeeting,

he probably did not simply believe that the Fed�s reputation was for allowing in�ation to go

above 5 percent, he also thought that this view did not accurately re�ect the Fed�s low-in�ation

zeal. Thus, not only bad reputation, but also misperceived bad reputation is important. In

our model, this situation will correspond to the case when ztjt¡1 is greater than zt (and zt is

positive).

Transparency has to do with how easy it is for the public to deduce central bank intentions

from observables. When zt is not observable, the public learns about zt from the economic

outcomes, but the observable outcomes (¼t, "t and lt) do not perfectly reveal the central bank�s

intentions due to the control error, ´t. Reducing the control error variance, ¾
2
´, makes deducing

zt easier, and thereby, increases transparency. This is the only notion of varying transparency in

CM, and this notion has the unfortunate limitation that increasing transparency simultaneously

has the direct bene�t of improving the control of the central bank.

10 In all the equilibria below, this variable is a su¢cient statistic for what the history of policy outcomes has
taught the public about the central bank�s preferences.
11 As noted below, the welfare-maximizing policy involves a one-period-ahead in�ation expectation of zero;

then in�ation at t responds only to the supply shock at t.
12 CM ([9], p. 1108) de�ne credibility in a di¤erent way: �Credibility is de�ned as the absolute value of the

di¤erence between the policymaker�s plans and the private sector�s beliefs about those plans. The smaller this
di¤erence, the higher the credibility of planned monetary policy.� This corresponds to ¡

¯̄
it ¡ itjt¡1

¯̄
in our

notation. In this view, the public does not know whether or not the bank is credible, whereas in our view, the
credibility of an announcement is something judged by those to whom the announcement is made. Further, in
our view, it is possible that a bank might credibly announce a zero-in�ation policy when intending to implement
higher in�ation. Thus, we believe that our de�nition of credibility is closer to the common usage of the term.
Our de�nition of credibility is indeed the same as the de�nition of �average credibility of announcements� used

in Cukierman and Meltzer [8] (and Cukierman [6], section 14.5).
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To clarify the distinction between the control error and transparency, we assume that the

control error satis�es

´t ´ »t + ºt; (2.9)

where »t and ºt are independent mean-zero normal shocks. The private sector observes »t at

the end of period t, whereas the component ºt remains unobservable. The variances of »t and

ºt ful�ll

¾2» = ¿¾2´

¾2º = (1¡ ¿)¾2´; (2.10)

where we call the parameter ¿ (0 · ¿ · 1) (the degree of) transparency. Thus, ¿ measures

the share of the control-error variance that arises from the observable component. For ¿ = 0,

�minimum transparency,� no part of the control error is observed by the public. For ¿ = 1, �full

transparency of intention,� the whole control error is observable and the public can perfectly

infer the bank�s intention from ¼t.

The paradigm case of increased transparency is probably the immediate release of FOMC

transcripts. This would not directly alter monetary control, but does ceteris paribus make it

easier for the public to deduce the Fed�s intentions. Similarly, in in�ation-targeting countries,

the regular publication of informative In�ation Reports or Monetary Policy Statements makes

it easier for the public to deduce the central bank�s intentions.

2.3 Three regimes

In order to study the roles of credibility and transparency, we focus on three monetary policy

regimes, which di¤er by the degree of transparency, but have in common a lack of a commitment

technology, so the central bank minimizes its loss function (2.3) under discretion. These are:

U Unobservable goal and intention: In this regime, 0 · ¿ < 1, and zt and it are not observed
by the private sector. In period t, the private sector observes only ¼t, lt, »t and "t.

OI Observable intention: This is regime U with ¿ = 1, full transparency of intention. The
private sector does not observe zt directly, but it observes ¼t; lt, "t, and ´t, from which it
can deduce it and, in equilibrium, zt; without error.

OG Observable goal: �Extreme� transparency. In period t, the private sector directly observes
zt; ¼t; ´t, "t, and lt.

Regime U is our baseline case. Regime OI is the limit of regime U when transparency of

intention reaches its maximum. We will show that the public can infer the bank�s goal perfectly

8



in regime OI, but the equilibrium is remarkably di¤erent from the equilibrium in regime OG in

which the goal is directly observed rather than perfectly inferred.

As a basis of comparison, we consider regime S (the social optimum) in which the central

bank is forced to commit to a policy rule that minimizes the social loss function, (2.3) with

(2.7). This results in the standard commitment solution,

it = ¡ 1

2
"t: (2.11)

The policy then optimally smooths the e¤ect of the supply shock between in�ation and employ-

ment. The policy obviously disregards zt, which does not enter the social loss function. The

regime studied by Cukierman-Meltzer [9] is reviewed in Appendix D.

It is relevant to ask why the other regimes are of interest when the simple rule (2.11) could be

imposed to maximize social welfare. We believe that, in the real world, policy under discretion

arises because the complexity of the economic and political environment make codi�cation,

adoption, and veri�cation of a good policy rule di¢cult. In any formal model that can be

solved, a forcing rule may seem like the obvious answer. We nevertheless believe that studying

discretion and transparency in solvable models is a useful way to gain insights about more

complex environments in which analytical results cannot be obtained.13

2.4 Generic economic dynamics for all regimes

The analysis of these regimes is greatly simpli�ed by the fact that in our model the dynamics of

the economy, up to the parameters of the central bank policy rule, are the same in each regime.

In all regimes, we assume that the private sector believes that the central bank�s policy follows

it = k0 + k1"t + k2zt + k3ztjt¡1, (2.12)

for some coe¢cients k0, ..., k3.14

We con�rm in section 3 that, if the private sector believes the policy is given by (2.12),

the central bank will optimally behave according to (2.12). This assumption has the e¤ect of

13 McCallum [25] has criticized the commitment and discretion framework with the argument that the discretion
equilibrium is irrelevant, since central banks would simply see through the problem and do the right thing. We
take up this argument in the conclusions.
14 The function (2.12) is a simpli�cation of

it = k0 + k1"t + k2zt + k3ztjt¡1 + k4zt¡1;

which allows policy to depend separately on zt and zt¡1, and hence separately on µt. None of our results change
if we begin by assuming that the public believes policy is made according to this more general rule. That is, for
all the cases we consider, the equilibrium decision rule ends up having k4 = 0:
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making a simple linear learning scheme optimal for the private sector and, in particular, rules

out signalling equilibria in which small changes in policy can signal sharp di¤erences in central

bank preferences.

Given the private sector�s belief in (2.12), expected in�ation is given by

¼tjt¡1 = k0 + (k2 + k3)ztjt¡1; (2.13)

and employment evolves according to

lt = it + ´t ¡ k0 ¡ (k2 + k3)ztjt¡1 + "t: (2.14)

These expressions will hold whether or not the private sector�s beliefs about policy are ratio-

nal. In rational expectations equilibrium, the central bank behaves according to (2.12), and

equilibrium dynamics are,

¼t = k0 + k1"t + k2zt + k3ztjt¡1 + ´t (2.15)

¼tjt¡1 = k0 + (k2 + k3) ztjt¡1 (2.16)

¼t ¡ ¼tjt¡1 = k1"t + k2(zt ¡ ztjt¡1) + ´t (2.17)

lt = (1 + k1)"t + k2(zt ¡ ztjt¡1) + ´t (2.18)

lt ¡ l¤t = (1 + k1)"t + k2(zt ¡ ztjt¡1) + ´t ¡ l¤ ¡ zt (2.19)

The only endogenous variable not determined here is the key to the analysis: reputation, ztjt¡1.

The next section completes the derivation of the rational-expectations equilibria for the various

regimes.

3 Solving the model

3.1 Regime U: unobservable goals and intentions

CM solve the model for their case by solving the private sector�s learning and optimization

problem and the central bank�s optimization problem directly. This solution is complicated and

becomes intractable when considering the more standard loss function we use. We �nd a solution

by noting that the Kalman �lter provides the optimal solution to the public learning problem

and by casting the central bank optimization as a dynamic programming problem. Of course,

for the CM regime, our approach gives the same solution (Appendix D).

We �rst derive the public�s learning rule about zt, and then the optimal ks in the policy

function. Since the public does not observe zt or it directly, it forms its expectation of in�ation

10



for period t at the end of period t¡ 1 based only on the history of ¼t, lt and »t. At the end of
period t, the public can construct the variable

yt ´ ¼t ¡ k0 ¡ k1"t ¡ k3ztjt¡1 ¡ »t = it + ºt ¡ k0 ¡ k1"t ¡ k3ztjt¡1; (3.1)

where we have used (2.9). Under the public�s assumption that policy is made according to

(2.12), we have

yt = k2zt + ºt: (3.2)

Further, under (2.12), yt contains all the new private-sector information about zt that arrives

in period t: Ep[ztjyt; ztjt¡1] = Ep[ztjall private-sector information in period t].15 Believing that
it observes k2zt plus a normal error, the private sector�s learning problem is optimally solved

using the Kalman �lter, treating (2.6) as the transition equation and (3.2) as the measurement

equation. The steady-state solution to this problem gives the dynamics of reputation:16

zt+1jt = (½¡ gk2) ztjt¡1 + gyt; (3.3)

where g is the Kalman gain and can be expressed in terms of k2 and the exogenous parameters

only.17

Under the private sector�s belief (2.12), ¼t, lt, zt and ztjt¡1 evolve as in (2.2), (2.14), (2.6),

and (3.3), respectively. There are two state variables in this economy, and for our purposes, it

is natural to take the employment target, zt; and reputation, zt+1jt as state variables.

To solve for the optimal policy rule for it, we recursively de�ne the central bank�s (steady-

state) value function as

V (ztjt¡1; zt¡1) ´ Et¡1min
it
Et¡

h
Lt + ¯V (zt+1jt; zt)

i
, (3.4)

where Et¡ denotes the expectation of the central bank given its information at the beginning of

period t, after it has observed "t and µt; but before ´t, ¼t, and lt have been realized. Because

the loss function is quadratic and the two state variables evolve linearly (according to (2.6) and

(3.3)), the value function is quadratic,

V (ztjt¡1; zt¡1) = ±0 + ±1ztjt¡1 +
1

2
±2z

2
tjt¡1 + ±3zt¡1 +

1

2
±4z

2
t¡1 + ±5ztjt¡1zt¡1; (3.5)

15 This is easily veri�ed, assuming that ztjt¡1 = Ep[ztjall private sector information in period t¡ 1].
16 That is, when the forecast error variance has converged. See appendix A.
17 CM�s �rst de�nition of credibility was discussed above. CM second de�nition is given on p. 1109: �¸ [which

equals our ½ ¡ gk2] can therefore be taken as a measure of credibility. The higher ¸, the longer it takes the
public to recognize a change in governmental objectives and the lower, therefore, the government�s credibility.�
We prefer to interpret ½¡ gk2 as (one factor in) the persistence of reputation.
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where the coe¢cients ±0, ..., ±5 remain to be determined.

In period t, the central bank�s problem is then to solve

min
it
Et¡

h
Lt + ¯V (zt+1jt; zt)

i
: (3.6)

The �rst-order condition with respect to it is

it +Et¡lt ¡ l¤ ¡ zt + ¯Et¡
·
(±1 + ±2zt+1jt + ±5zt )

@zt+1jt
@it

¸
= 0; (3.7)

where the derivative
@zt+1jt
@it

enters because current policy a¤ects future reputation through (3.1)

and (3.3). The expectations and the partial derivative in this expression can be evaluated using

expressions already shown, and the resulting expression can be solved for it, obtaining a policy

rule of the form (2.12) with coe¢cients (see appendix B)

k0 = l¤ ¡ ¯g±1 (3.8)

k1 = ¡ 1

2
(3.9)

k2 =
1¡ ¯g±5
2 + ¯g2±2

(3.10)

k3 = k2 ¡ ¯g(½¡ gk2)±2: (3.11)

In appendix B, we show that solving for the ks can be reduced to solving a single nonlinear

equation, k2 = f(k2), where f(k2) 2 [0; 12 ] for all k2 and f is continuous on [0; 12 ]. A simple �xed-
point argument guarantees the existence of at least one solution. Thus, there is an equilibrium

under discretion with a policy rule (a �time-consistent� policy rule) of the form assumed by

the private sector in (2.12).18 While we have not proved uniqueness of the solution, we have

con�rmed uniqueness numerically, as discussed below.

To highlight some crucial features of transparency and credibility we now examine regime

OI (observable instrument), which is the limit of case U as transparency of intentions reaches its

upper limit, and case OG (observable goal) in which the central bank�s goal is directly observable.

3.2 Regime OI: Observable Intentions

The solution in regime OI is obtained from that of regime U by assuming full transparency of

intentions (¿ = 1). Thus, the ks follow by letting ¾2º go to zero in the expressions for the baseline

18 It is worth emphasizing that the derivation rests on the assumption that the private sector assumes the central
bank acts according to (2.12). There are almost surely some other equilibria of the model without this assumption.
CM implicitly make the same assumption, and Rogo¤ [29] pointed out the likely existence of equilibria without
the assumption.
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regime, (3.8)�(3.11) and (B.9)�(B.13). Taking the relevant limits gives,

k0 =
1¡ ¯½
1 + ¯½

l¤ < l¤ (3.12)

k1 = ¡ 1

2
(3.13)

k2 = k3 =
1¡ ¯½2
2(1 + ¯½2)

<
1

2
; (3.14)

where we have used that gk2 = ½ when ¾2º = 0 (see Appendix C).

3.3 Regime OG: Observable Goal

In regime OG, we allow the private sector to observe zt directly in period t. Thus,

ztjt¡1 ´ ½zt¡1 (3.15)

independently of the policy rule. The value function (3.4) from the baseline regime is still

appropriate, but with (3.15). In�ation expectations, ¼tjt¡1, are given by (2.16) with (3.15),

¼tjt¡1 = k0 + (k2 + k3)½zt¡1: (3.16)

Since
@zt+1jt
@it

´ 0, the �rst-order condition with respect to it, (3.7), is now

Et¡
h
(it + ´t) + (it + ´t ¡ ¼tjt¡1 + "t ¡ l¤ ¡ zt)

i
= 2it ¡ ¼tjt¡1 + "t ¡ l¤ ¡ zt = 0,

which with (3.16) implies

it =
1

2
(k0 + l

¤) +
1

2
"t +

1

2
zt +

1

2
(k2 + k3)½zt¡1 +

1

2
µt:

This is of the form (2.12) with the coe¢cients

k0 = l¤ (3.17)

k1 = ¡ 1

2
(3.18)

k2 = k3 =
1

2
: (3.19)

3.4 Numerical analysis of the model

We summarize the numerical approach here; for details, see Appendices B and E. In order to

explore properties that could not be proved analytically for all parameter values, we study the

properties for a large number of particular parameter values. Speci�cally, we solve the model
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for 100,000 points drawn uniformly from the parameter space (¯; ½; ¿) 2 [0; 1]3; (¾2´; ¾2µ; ¾2"; l¤) 2
[0; 10]4. Once the model is solved for a draw, we tally which among a large number of claims

hold true for that parameter value, e.g.: Is central bank loss in regime U lower than in OI? Is

the derivative of the central bank loss with respect to transparency positive?

If a property holds for some parameter values and not for others, the solutions for the

particular parameter values constitute a constructive proof that the result is indeterminate. If a

property holds for all 100,000 points, we do not have proof that the property holds for all values,

but one can make a very strong probabilistic statement. If a claim holds for each of N draws,

the probability that the claim is false on a fraction of the parameter space of at least size ! is

less than or equal to (1¡!)N . Thus, with 100,000 draws, the probability that the claim is false

for at least 0.01 percent of the parameter space is less than 0.005 percent.19 20

3.5 Summary of regimes U, OI and OG

In order to facilitate discussion, we restate the equations for the dynamics of the economy that

are common across regimes U, OI, and OG:

¼t = k0 + k2zt + k3ztjt¡1 ¡
1

2
"t + ´t (3.20)

¼tjt¡1 = k0 + (k2 + k3) ztjt¡1 (3.21)

¼t ¡ ¼tjt¡1 = k2(zt ¡ ztjt¡1)¡
1

2
"t + ´t (3.22)

lt = k2(zt ¡ ztjt¡1) +
1

2
"t + ´t (3.23)

zt+1jt = (½¡ gk2) ztjt¡1 + g(k2zt + ºt) (3.24)

= ½

·
1

s
ztjt¡1 + (1¡

1

s
)zt

¸
+ gºt; (3.25)

where in (3.25) we observe that the dynamics of reputation can also be expressed in terms of a

signal-to-noise ratio, s; de�ned by the ratio of the variances of the signal in the Kalman �lter,

yt = k2(zt ¡ ztjt¡1) + ºt, and the noise, ºt;

s ´ k22Var[zt ¡ ztjt¡1] + ¾2º
¾2º

¸ 1 (3.26)

(see appendix A for details). Some properties of key coe¢cients can be shown analytically and

are summarized in Table 3.1.
19 0:9999100;000 ¼ 0:000045:
20 Rather than using a uniform draw from the parameter space, with a meaningful prior density measuring

the empirical relevance of various regions, one can produce more meaningful posterior measures of the empirical
relevance of the computed properties.
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Table 3.1. Summary of regimes

k0 k1 k2 k3 ½¡ gk2 P s
Regime "t zt ztjt¡1

U < l¤ ¡ 1
2 < 1

2 < k2 < ½ > ¾2µ > 1
OI < l¤ ¡ 1

2 < 1
2 = k2 0 ¾2µ 1

OG l¤ ¡ 1
2

1
2

1
2

S 0 ¡ 1
2 0 0

Notes: P denotes the variance of the forecast error, E[(zt ¡ ztjt¡1)2].

The next two sections take up the comparative behavior of banks with di¤erent levels of

credibility and of transparency, respectively.

4 Credibility and optimal policy

Our regime U is, perhaps, the most straightforward generalization of the Barro-Gordon model

[3] that gives rich dynamics in reputation and credibility. The Barro-Gordon model is a special

case of our OG regime in which the employment target is constant (½ = ¾2µ = 0) and there is

no control error (¾2º = ¾2´ = 0).21 Imposing these parameter constraints in our OG solution

gives the Barro-Gordon solution, ¼t = it = l¤ ¡ 1
2"t and lt =

1
2"t. In this equilibrium, if the

central bank announced the welfare-maximizing, zero-in�ation policy, it would not be credible,

ct ´ ¡ l¤. Credibility is not stochastic, however, and this model o¤ers few insights about the
sort of dynamic issues captured in the folk wisdom discussed in the introduction.

In regime U, stochastic and private central-bank goals combined with noise that masks the

bank�s true intentions lead to an equilibrium with time-varying credibility. Then credibility

(using (2.8) and (3.21)) is given by

ct = ¡ jk0 + (k2 + k3) ztjt¡1j;

with dynamics implied by those of reputation, ztjt¡1, given by (3.25). The persistence of rep-

utation depends positively on the persistence of the central bank�s employment target, ½, and

negatively on the signal-to-noise ratio, s. Starting with a correctly perceived central bank

(ztjt¡1 = ½zt¡1), a positive employment target shock in period t (µt > 0) pushes zt above the

reputation. By (3.22) the bank, everything else equal, will choose a policy that is more in�a-

tionary than expected by the public. A positive unobservable component of the control error

(ºt > 0) will make in�ation at t higher than the bank intended, by (3.25) erroneously pushing
21 Barro and Gordon [3] also include the case of an observable exogenous autoregressive natural rate of unem-

ployment, which is similar to our regime OG.
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up the bank�s in�ationary reputation. Policy at t + 1 will then, everything else equal, be less

in�ationary than expected. The remainder of this section discusses claims (1) and (2) in the

introduction: whether, for given transparency, a low-credibility bank will pursue a more or less

expansionary monetary policy than a high-credibility bank, and whether a low-credibility bank

responds di¤erently to a supply shock.

4.1 Credibility and optimal policy with �xed transparency

The �rst claim in the introduction is that a central bank with low credibility may optimally need

to follow a less expansionary in�ation policy�sacri�cing some employment�in order to regain

credibility, than would a bank with high credibility. The second claim is that a low-credibility

bank has less �exibility optimally to respond to supply shocks. The �rst claim only holds under

careful interpretation in our model; the second does not hold.

To assess these claims, we compare two realizations of the economy, starting in the beginning

of period t with the same value of the state variable zt¡1, but in one case credibility is low (`)

and in the other it is high (h), c`t¡1 < cht¡1. Credibility alone does not tell the sign of in�ation

expectations; we restrict the discussion of a low and a high credibility bank to situations of

positive (that is, too high) in�ation expectations: ¼`tjt¡1 > ¼
h
tjt¡1 ¸ 0. By (3.21), the two banks�

reputations will then ful�ll z`tjt¡1 > zhtjt¡1. For any variable xt, de�ne ¢xt ´ x`t ¡ xht , the
low-credibility value minus the high-credibility value. We thus have

¢¼tjt¡1 > 0; ¢ztjt¡1 > 0: (4.1)

The following proposition summarizes our results:

Proposition 4.1. In regime U, ceteris paribus:
(i) The low-credibility bank optimally implements higher in�ation than the high-credibility bank,
¢¼t > 0;
(ii) The low-credibility bank optimally implements lower in�ation relative to private sector
expectations¢(¼t¡¼tjt¡1) < 0. This larger negative in�ation surprise leads to lower employment
in the low-credibility economy, ¢lt < 0; and
(iii) The low-credibility bank responds to supply shocks and to shocks to the employment goal
in the same way as does the high-credibility bank.

Part (i) and (ii) follow directly from (3.20), (3.21), (3.23) and (4.1), since

¢¼t = k3¢ztjt¡1 < (k2 + k3)¢ztjt¡1 = ¢¼tjt¡1
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and k3 < k2 + k3. The low-credibility bank accommodates part of, but only part of, the higher

in�ation expectations it faces, resulting in higher in�ation. The negative in�ation surprise is

larger in absolute terms under low credibility, leading to lower employment,

¢lt = ¢(¼t ¡ ¼tjt¡1) = ¡k2¢ztjt¡1 < 0:

The low-credibility bank would, of course, gain reputation and credibility faster if it accom-

modated less of the in�ation expectation, but this is not optimal, due to the current employment

cost of doing so. Re-stating the �rst-order condition, (3.7), gives

Et¡
1

2

@¼2t
@it

+Et¡
1

2

@ (lt ¡ l¤ ¡ zt)2
@it

+ ¯Et¡
@V (zt+1jt; zt)
@zt+1jt

@zt+1jt
@it

= 0: (4.2)

Lowering it leads to a larger negative in�ation surprise, yielding bene�ts in terms of lower

in�ation and better future reputation (the �rst and third terms). The negative surprise lowers

employment, which increases the loss (the second term). The optimal policy is a compromise

between these concerns. This result is one formalization of results from the �gradualist versus

cold turkey� debate regarding lowering in�ation in the early 1980s.22 While the optimal speed

of adjustment will vary depending on the model, the result that is likely to generalize is that

a bank facing low credibility should move more slowly, not more quickly than one facing high

credibility.

Thus, a low-credibility bank indeed pursues a less expansionary policy than a high credibility

bank, in the sense of inducing lower employment, but at the same time a more expansionary

policy, in the sense of inducing higher in�ation. Given this result, evidence of higher in�ation

and higher in�ation expectations is not necessarily evidence that a bank is insu¢ciently at-

tentive of its in�ation target; rather, it may be evidence of low credibility to which the bank

is optimally responding. Only evidence that the low-credibility bank is implementing smaller

absolute in�ation surprises is evidence that it is behaving suboptimally.

With regard to part (iii), it is clear that the low-credibility and high-credibility banks re-

spond in precisely the same way to the supply shock, "t, and to the employment target shock, µt.

Thus, low-credibility banks do not have less �exibility with which to respond to supply shocks

than high-credibility banks. Further, banks do not build up credibility so as to spend it (dispro-

portionately) when the employment target is highest. Both results stem from the linear nature

of our model. We believe, however, that these results form an important baseline: con�icting

results in a model like this must rest on important nonlinearities.
22 See, e.g., Fuhrer [15] and Ball [2].
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4.2 An exception: A patient bank with very persistent goals

Our general results about the e¤ects of credibility and transparency do not follow in the special

case of no discounting and a very persistent employment target. In the limit when ¯½! 1; the

socially optimal policy rule (regime S) is the solution for both regimes U and OI.

Proposition 4.2. In regimes U and OI, in the limit as the persistence of the idiosyncratic goals
of the bank (½) and the central bank�s discount factor (¯) both go to one, the socially optimal
outcome results.

For regime OI, it follows from (3.12)�(3.14) that in the limit, k0 = k2 = k3 = 0, which is

the policy rule in regime S, (2.11). The result is only slightly more di¢cult to see for regime U

(Appendix B).

The intuition for this result is as follows. With ½ near one, the private sector believes that

any shock to the employment target will be long-lasting. Thus, if an in�ationary action increases

zt+1jt, this increase is very persistent. With ¯ near one, future costs of this increase weigh heavily

on current decisions by the bank. By setting k2 = 0, the bank guarantees that the private sector

will not attribute any in�ation surprise to an increase in the employment target. Thus, changes

in the reputation become so costly for the bank with these parameters, that it prefers to give up

any attempt to follow its idiosyncratic goals. The bank�s concern about its reputation becomes

so strong that it simply chooses to pursue the socially preferred policy.

5 The e¤ects of transparency

Next we examine statement (3) in the introduction: does increased transparency improve credi-

bility and the policy outcome? First, we consider the e¤ects of increased transparency. Second,

we consider the di¤erence between observing the goal directly (regime OG, full transparency

of goals) and inferring it in equilibrium (regime OI, full transparency of intention). We show

that extreme transparency, as represented by directly observable central bank goals, is the worst

of all regimes in our model. Third, we examine a numerical example for typical parameters.

Fourth, we examine the optimal degree of transparency in regime U. Finally, we show that with

a patient central bank without average in�ation bias, increased transparency is always better

for society but worse for the bank.

To judge policy outcomes, we report results on �welfare� as measured by the unconditional

expectation of the relevant loss function. Thus, we learn which regime is best on average, or
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which would be preferred without knowledge of the state variables. The social unconditional

loss is proportional to E[Lpt ] with L
p
t given by (2.7), which can be written as

E [Lpt ] =
1

2

³
k20 +Var [¼t] + Var[lt] + l

¤2´ : (5.1)

The central bank�s unconditional loss is proportional to E[Lt], with Lt as in (2.4), which can be

written as a sum of six terms:

E [Lt] =
1

2

³
k20 +Var [¼t] + Var[lt] + l

¤2 +Var[zt]¡ 2Cov[lt; zt]
´
: (5.2)

The central bank loss di¤ers from the social loss by the term 1
2(Var[zt] ¡ 2Cov[lt; zt]), where

only the covariance term is endogenous. The intuition for this is that the central bank optimum

di¤ers from the private sector optimum only to the extent that the central bank can generate

movements in employment that follow the target zt. The central bank can do this only by using

in�ation surprises.

5.1 Increasing transparency in case U

Our results are summarized as follows:

Proposition 5.1. Consider raising ¿ in regime U.
(i) Reputation. Raising ¿ raises the variance of reputation, but decreases the variance of

reputational errors, (zt ¡ ztjt¡1). Raising ¿ raises the sensitivity of reputation to the central
bank�s intention (increases @zt+1jt=@it).

(ii) In�ation. Raising ¿ lowers average in�ation (strictly whenever l¤ > 0), but may raise or
lower the variance of in�ation and the in�ation term in the unconditional loss, E[¼2t ].

(iii) Employment. Raising ¿ lowers the variance of employment and lowers the employment
term in the social unconditional loss, E[(lt¡ l¤)2], but raises the employment term of the central
bank unconditional loss, E[(lt ¡ l¤t )2].

(iv) Unconditional loss. Raising ¿ may raise or lower social and central bank unconditional
loss. For plausible discount factors (¯ > 0:5), social loss always falls.

Each part of the claim is about the derivative of some equilibrium value with respect to ¿ .

Part (i) is shown analytically. Parts (ii) through (iv) are demonstrated numerically as discussed

in Section 3.4.

Part (i), reputation. If raising ¿ deserves the interpretation as increasing transparency, then

the variance of reputational errors should fall. Perhaps not as obvious, the variance of reputation

should rise, since reputation, ztjt¡1 will more closely track the actual goal, zt. This is indeed the

case. The noise in the Kalman �lter (¾2º = (1¡ ¿)¾2´) falls, raising the signal-to-noise ratio, s,
and the Kalman gain, g (see appendix A). The private sector obtains a better estimate of the
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employment target: Var[zt¡ztjt¡1] ´ P falls. By the same reasoning, the unconditional variance
of reputation (Var[ztjt¡1] = Var[zt]¡ P ) rises, as the predictor better tracks the predicted. The
rise in the Kalman gain increases the sensitivity of zt+1jt to it, since @zt+1jt=@it = g.

The remaining parts of the proposition are shown numerically, but some intuition can be

derived from noting how increases in transparency a¤ect the optimal ks in the policy rule. Of

course, k1 = ¡ 1
2 in all cases. Numerically, the remaining ks fall with rises in ¿ for all parameter

values.23

Consider why k0, average in�ation, falls. In any Barro-Gordon-type model, in�ation must

be high enough on average to keep the central bank from engineering positive in�ation surprises

on average. Thus, the fall in k0 must re�ect the fact that greater transparency reduces the

(average) net bene�t of in�ation surprises to the bank . To see that this is the case, start from

a �xed intended rate of in�ation, it. If the bank chooses a more in�ationary policy, this leads to

higher employment today (which, with l¤ > 0; is good on average) but also worsens the bank�s

in�ationary reputation by raising zt+1jt: @zt+1jt=@it = g > 0. With greater transparency, the

marginal degradation of reputation is larger, since g is larger. This greater reputational e¤ect

has costs in terms of higher future optimal in�ation and lower future employment�the third

term in (4.2). Thus, transparency raises the reputational cost of cheating, allowing a lower

average in�ation.

The argument for why k2 + k3 falls when transparency rises is very similar to the argument

for k0; the argument for the unconditional expectation of in�ation is merely restated for the

in�ation expectation conditional on a given level of ztjt¡1. When reputation is ztjt¡1, the public

expects an in�ation rate of k0+(k2+ k3)ztjt¡1. This expected in�ation must be high enough to

prevent the central bank from implementing surprises on average when its reputation is ztjt¡1.

The marginal cost to the central bank of in�ation surprises due to the reputation e¤ect rises

linearly with the level of ztjt¡1. When the e¤ect is magni�ed by raising ¿ and, hence, g, a

lower (k2 + k3) will be su¢cient to deter the bank from surprises. The arguments for k2 and k3

separately are similar.

Overall, increased transparency makes the bank less activist, by reducing k0, k2, and k3.

Results (ii) through (iv) of the proposition follow relatively directly from this fall in activism.

Some further insight is possible from looking at changes in key quantities (Table 5.1, the row

for the �full� parameter space, (¯; ½; ¿) 2 [0; 1]3; (¾2´; ¾2"; ¾2µ; l¤) 2 [0; 10]4).
23The ks fall strictly, except at extreme values for ¯, ½, and l¤.
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Table 5.1. An increase in the degree of transparency, ¿

Parm. Var[xt] E[x2t ] Loss
space s P g ztjt¡1 ¼t ¼t lt ¡ l¤t lt E[Lt] E[Lpt ]
Full + ¡ + + 43:8 93:1 + ¡ 79.6 96.3
Small + ¡ + + 87:5 87:5 + ¡ + ¡
Notes: Plus and minus indicate unambigious signs of the derivate with respect to ¿ . Numbers
indicate the proportion of the parameter space for which the sign is negative. The �full�
parameter space refers to the parameter space (¯; ½; ¿) 2 [0; 1]3; (¾2´; ¾2"; ¾2µ; l¤) 2 [0; 10]4.
The �small� parameter space is the same except that ¯ = 0:99999 and l¤ = 0.

Part (ii), in�ation. The fall in average in�ation was discussed above. From (3.20), the

unconditional variance of in�ation is

Var[¼t] = k
2
2Var[zt] + [k

2
3 + 2(k2 + k3)]Var[ztjt¡1] +

1

4
¾2" + ¾

2
´; (5.3)

where we have used that Cov[zt; ztjt¡1] = Var[ztjt¡1]. The �rst term falls since k2 falls; the third

and fourth are �xed. The change in the second term is ambiguous, since the coe¢cient within the

bracket falls whereas the variance of reputation rises. For a signi�cant portion (100¡43:9 = 56:1
percent) of the parameter space, the rise in the variance dominates, implying that the variance of

in�ation rises. The term k20+Var[¼t] in the loss function rises only when the increase in in�ation

variance dominates the fall in k20, which is only on 100¡ 93 = 7 percent of the parameter space.
Part (iii), employment. The employment term in the social loss function, E[(lt ¡ l¤)2] =

Var[lt] + l¤2, always falls. The variance of employment falls because the variance of in�ation

surprises falls. In contrast, the employment term in the central bank loss function, E[(lt ¡ l¤t )2,
always rises. The intuition for this is that the central bank uses in�ation surprises to generate

a correlation between employment and the target, l¤t . Greater transparency limits the ability to

achieve this. Speci�cally, the fall in the variance of employment comes from the component of

employment that is correlated with zt.24

Part (iv), welfare. Given the results for the components of the loss functions, it is natural

that both the central bank and social loss can either rise or fall with transparency. Social

24 More formally, we have

E[(lt ¡ l¤t )2] = Var[lt ¡ zt] + l¤2 = Var[lt] + l¤2 +Var[zt]¡ 2Cov[lt; zt]:
The second and third terms on the right side do not change. The �rst term falls. It is, however, the component
of lt that covaries with zt that is diminished in variance; thus, the fall in the covariance between lt and zt more
than o¤sets the fall in variance of lt:

Var[lt]¡ 2Cov[lt; zt] = (k22 ¡ 2k2)P + 1

4
¾2" + ¾

2
´;

where we have used Cov[lt; zt] = k2P . The left side rises, since P falls and since k22 ¡ 2k2 < 0 falls in magnitude.
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loss generally falls (96.3 percent of the parameter space) with increased transparency, however.

Further, all of the cases in which social loss rises involve very low discount factors (¯ < 1=2).

For plausible discount rates, transparency is socially good.

Rises in transparency are also good for the central bank on 79.5 percent of the parameter

space. It is important to note, however, that the loss rises for plausible parameter values, for

example: ¯ = 0:97; ½ = 0:30; ¾´ = 1:89; ¾µ = 1:0; ¾" = 1:15; l¤ = 0:11; ¿ = 0:36. In this case, the

target is moderately persistent and the control error has a standard deviation about twice that

of the target shock and of the real shock.

5.2 Regime OG versus U and OI: observe the goal directly or infer it from actions?

In regimes U and OI, the public must attempt to deduce the bank�s employment goal, zt. This

makes the bank�s reputation sensitive to its intentions, @zt+1jt=@it = g > 0: a positive in�ation

surprise today leads to a more in�ationary reputation. This leads to costs to the bank given

by the third term in (4.2). The reputation cost of in�ation surprises remains even in regime OI

when transparency of intention is at its maximum, ¿ = 1. In this case, the public perfectly infers

zt in period t in equilibrium; ztjt¡1 = ½zt¡1), but it remains true that if the central bank were

to implement higher-than-equilibrium in�ation, its reputation would su¤er. This fact about

o¤-the-equilibrium path behavior has important e¤ects on the central bank�s incentives.

In the OG regime, the public directly observes the bank�s employment target and thus

ztjt¡1 ´ ½zt¡1 independently of the bank�s behavior, implying that @zt+1jt=@it ´ 0, and the

third term in the �rst-order condition, (4.2), is zero. The absence of this reputational cost to its

actions in case OG changes the incentives for the bank dramatically, leading to a striking result:

Proposition 5.2. When the central bank�s idiosyncratic goals are directly observed by the
public (regime OG), average in�ation, social loss, and central bank loss are each higher than
under any level of transparency of intention with unobserved goal (regimes U and OI).

This result is demonstrated numerically to hold as described in Section 3.4.

Thus, �extreme� transparency, in the sense that the public is no longer learning about the

central bank�s future intentions from current actions, is the worst of all worlds. Since the private

sector has no illusions about the bank, the bank loses an important incentive to behave.
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Table 5.2. A numerical example

E[x2t ] Loss
Regime k0 k2 k3 g Var[ztjt¡1] ¼t lt ¡ l¤t lt E[Lt] E[Lpt ]

U 0.56 0.41 0.34 0.37 0.34 1.88 3.15 1.52 2.52 1.70
OI 0.20 0.18 0.18 3.84 0.96 1.45 3.88 1.28 2.66 1.36
OG 1.00 0.50 0.50 0.96 3.46 3.46 1.50 3.46 2.48
S 0.00 0.00 0.00 0.96 1.25 4.21 1.25 2.73 1.25
Note: l¤ = 1; ¯ = 0:95; ½ = 0:7 and ¾2" = ¾

2
µ = ¾

2
´ = 1. In regime U, ¿ = 0.

5.3 A numerical example

Table 5.2 presents a numerical example for typical parameter values. We see that going from

minimum transparency in regime U (¿ = 0) to maximum transparency (¿ = 1) in regime OI,

reduces the social loss but increases the central bank loss. We also see that regime OG has the

highest loss both for the central bank and for society. Regime S must have the lowest social loss,

whereas the central bank loss is then the second highest. The social and central bank rankings

of regimes U, OI and S are opposite.

The di¤erences among regimes U, OI and OG are signi�cant and potentially of economic

importance. The marginal e¤ect of reputation on expected in�ation, (k2 + k3) (cf. (3.21)),

is more than twice as high in regime OG than in regime OI. Further, the results imply that

in�ation will be 3 percent above the zero in�ation target more than 10 percent of the time in

regime OG, but less than 1 percent of the time in regime OI.

5.4 Optimal transparency

Proposition 5.1 shows how social and central bank loss vary when transparency is marginally

increased. In this subsection, we examine which degrees of transparency are optimal for society

and for the central bank, respectively. Since loss does not change monotonically for all levels of

¿ , proposition 5.1 does not imply that there is any value for ¯; ½ and the ¾2s for which ¿ = 1

minimizes loss. In order to examine this numerically, we need to hold each combination of

¯; ½; l¤; and the ¾2s �xed, and examine social and central bank loss for di¤erent ¿s (whereas in

proposition 5.1 the ¯, ½, the ¾2s and the ¿ all vary for each draw). The result of this examination

is summarized in:

Proposition 5.3. For the full parameter space:
(i) Full transparency of intention minimizes the social loss for 97:3 percent of the parameter

space. The social loss is always minimized at either ¿ = 1 or ¿ = 0.
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(ii) Full transparency of intention minimizes the central bank loss for 79:5 percent of the
parameter space, whereas minimum transparency minimizes it for 18:6 percent. An intermediate
degree of transparency is best for central bank loss for 1:9 percent.

(iii) The optimal transparency is always at least as high for society as for the central bank.
For 15:9 percent of the parameter space, ¿ = 0minimizes central bank loss while ¿ = 1minimizes
social loss.

This proposition is shown numerically. Thus, full transparency of intention is generally best

for society. For the full parameter space, it is generally better for the central bank as well. The

reduction in the average in�ation bias caused by increased transparency, together with some

discounting by the central bank, contributes to this. Throughout the full parameter space, the

optimal degree of transparency is at least as high for society as for the central bank.

Social and central bank preferences sharply con�ict on a strikingly large portion of the

parameter space (15.8 percent): the bank wants minimum transparency and the public wants

full transparency. We can shed further light on this phenomenon by considering the �small�

parameter space which di¤ers from the full space only in imposing that the bank is patient

(¯ = 0:99999) and has no average bias (l¤ = 0). For this case we have

Proposition 5.4. With a patient central bank with no average in�ation bias, central bank loss
is monotonically increasing with transparency, while social loss is monotonically falling with
transparency. Thus, ¿ = 0 minimizes central bank loss and maximizes social loss, and ¿ = 1
maximizes central bank loss and minimizes social loss.

This result is clear from Table 5.1.25 The fact that the public likes transparency is not

much di¤erent from the full parameter space. The reason why the central bank wants minimum

transparency has to do with two features. One bene�t of higher transparency to the central bank

is a lower average in�ation bias. With l¤ = 0, this bene�t is absent. In this case, the cost to

the bank of increasing transparency, in terms of a more limited ability to generate a correlation

between employment and zt, comes to dominate. When a shock drives zt up, zt remains high

and because the public learns slowly, the bank can push lt up for several periods. For a patient

bank, the current and future costs of reducing this ability makes any increase in transparency

bad.26

We think that this case of low bias and a relatively patient bank may be very relevant in

reality. Thus, this suggests a possible con�ict between the central bank and society regarding
25 We suspect, but have not con�rmed that for ¯ < 1, there is some tiny portion of the parameter space for

which the bank prefers nonzero transparency. This region is smaller than the tolerance for our absolute statements
given in section 3.4.
26 Of course, in the limiting case as ¯½ ! 1, all regimes converge to the social optimum under commitment.

Thus, a patient bank with no average bias always disagrees with the public over the optimum transparency. In
the limit as the persistence of the goal goes to one, this disagreement becomes moot.
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transparency of actions.

Checking which ¿ minimizes the unconditional loss functions is a simple and well-de�ned

exercise, but it raises a great many subtle questions that are beyond the scope of this paper. For

example, if we consider a central bank choosing the optimal ¿ once-and-for-all, we are implicitly

assuming that the central bank has a commitment technology regarding transparency, but not

with regard to the policy rule itself. While CM make a similar assumption in discussing optimal

control-error noise, the practical relevance of this assumption is questionable. The alternative of

modelling the setting of transparency under discretion takes us far beyond the current framework.

CM�s work and other related results raise other questions. For example, if we view the public

as choosing ¿ and imposing it on the central bank, we must consider Lewis�s [23] argument that

the central bank could o¤set increased transparency by increasing the variance of the control

error. This suggests a game between the central bank and those regulating it. A related paper

in progress, [11], takes up all these issues.

6 Conclusions

In this paper, we examine the importance of transparency and credibility in monetary policy

by using a model in which the central bank�s employment target is stochastic and time-varying,

and private information to the central bank. The private sector attempts to deduce the central

bank�s goals from available information and forms rational expectations of future in�ation.

We posit that the central bank announces a goal of zero in�ation each period and de�ne the

credibility of that announcement to be inversely related to the absolute magnitude of private

sector in�ation expectations. The model involves a policy control error, one component of which

is not separately observed by the public. This unobserved noise can mask the central bank�s true

intentions. The degree of transparency of policy is de�ned as the share of the control error that

is directly observed by the public. In a natural way, higher transparency (smaller unobserved

noise) improves the public�s inferences about the central bank�s goals, and reduces errors in

in�ation expectations.

We believe that our work improves on the seminal work of Cukierman and Meltzer [9], by

acknowledging an explicit stabilization objective for output or employment and by distinguishing

transparency from control-error variance. The former makes central bank policy depend on its

reputation and credibility; the latter we believe to be necessary for avoiding confusion between

transparency and control in monetary policy.
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The model has implications for some frequent claims in the literature. One of these claims is

that a low-credibility bank, everything else equal, should conduct a less expansionary policy than

a high-credibility bank. We �nd, indeed, that a low-credibility bank�one facing higher in�ation

expectations�will generate a larger (negative) in�ation surprise from the public�s perspective,

leading to lower employment, and in this sense conducts a less expansionary policy. However,

the low-credibility bank at the same time generates higher in�ation than a high-credibility bank

and in this sense conducts a more expansionary policy.

A second claim is that a low-credibility bank has less �exibility to respond to shocks in order

to avoid further erosion of credibility. In contrast, we �nd that low and high-credibility banks

react in the same way to supply shocks and shocks to the employment target; it is not the case

that the low-credibility bank has less scope to stabilize supply shocks, nor does it more urgently

build up credibility than a high-credibility bank. These results are due to the linearity of the

policy rule, and suggest that the second claim must rest on nonlinearities not present in the

current model.

A third claim is that increased transparency increases credibility and improves policy out-

comes. In our model, increased transparency makes the central bank�s reputation and private-

sector in�ation expectations more sensitive to the central bank�s actions. This increases the

costs for the bank of deviating from the announced zero-in�ation policy, and hence deters the

bank from using in�ation surprises to achieve its employment target. As a result, variability of

both in�ation and employment falls, and any average in�ation bias is reduced. These changes

generally (but not always) increase social welfare. In many cases, however, increased trans-

parency leads to a worse outcome for the bank. Since the central bank�s preferences and social

preferences for transparency diverge, society might prefer to decide on the level of transparency

in monetary policy, rather than to delegate this decision to the central bank.27

The fact that increased transparency makes the bank�s optimal policy closer to the social

optimum may throw some light on McCallum�s [25] criticism of discretion equilibria in monetary

policy. McCallum argues that the problems arising in discretion equilibria may not be decisive

in practice because central bankers see the value of the policy consistent with commitment and

can just do it. If we are to maintain the equilibrium framework, this can only be interpreted

as the belief that there is some heretofore unmodelled aspect of preferences or commitment

27 We recall Milton Friedman�s response to Fischer [14], footnote 52, on central bankers� loss functions: �From
revealed preference, I suspect that by far and away the two most important variables in their loss functions are
avoiding accountability on the one hand and achieving public prestige on the other.�

26



mechanisms that alters the equilibrium outcomes�without some such element just do it is not

an equilibrium.28 We are sympathetic to this view: some implicit commitment mechanism may

exist. We would like to see this mechanism speci�ed and discussed, however, because we are also

sympathetic with Canzoneri�s [5] view that, in the presence of private information, commitment

would be hard to sustain. In our model, such private information exists, but we see our model as

providing some insight as to why the problems with discretion might not be as bad as they seem in

some models. In the model, the central bank�s concern about its reputation creates an incentive

to behave closer to the socially optimal policy. Increased transparency makes this incentive

stronger. Indeed, a very patient central bank with very persistent idiosyncratic deviations

from the social employment goal would, in the limit, follow the socially optimal policy. Thus,

credibility and transparency may matter in ways that make the discretion equilibrium similar

to the socially preferred equilibrium, in the absence of an explicit commitment mechanism.29

With regard to transparency, we �nd an especially intriguing result. When the central bank�s

idiosyncratic goals can be observed directly (�extreme transparency�), the central bank�s pref-

erences need not be inferred from the its actions. Since the central bank�s reputation is then

independent from its actions, the central bank loses an important constraint on its behavior.

The resulting equilibrium has higher average in�ation and higher variability of both in�ation

and employment than in any other case studied. Thus, extreme transparency is counterproduc-

tive. In a richer model, such extreme transparency might be bene�cial if, for example, directly

observing the central bank�s idiosyncratic goals allowed society to force its own goals on the

central bank more e¤ectively.

There are some obvious quali�cations to our results, some of which may be suitable for

future work. In a separate paper, [11], we treat the optimal transparency more thoroughly,

considering the issues of commitment and the incentives of the central bank to renege. Above,

we noted the importance of assuming that supply shocks are known ex post by the private

sector, and therefore not confused with shocks to the central bank�s goals. Obviously, such

confusions, as well as confusions between temporary and persistent shocks, would complicate

the private sector�s signal extraction problem and possibly modify some of our results. Finally,

we have assumed that the private sector believes that the central bank�s policy rule is linear; as a

consequence, it is optimal for the central bank to choose a linear rule. Relaxing this assumption,

28 For instance, the bank would have an incentive to deviate from the commitment policy in the current period
and promise to follow the commitment policy from the next period on.
29 Others interpret McCallum as implicitly relying on trigger strategy equilibria, an interpretation that McCal-

lum rejects.
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as well as generalizing other aspects beyond our fundamentally linear-quadratic problem, seems

beyond what is currently feasible, at least for us.
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A The Kalman �lter

The transition equation is (cf. Harvey [18])

zt = ½zt¡1 + µt:

The measurement equation is
yt = ·zt + ºt;

where · = k2 in our baseline regime. The initial estimates are

Ept¡1 [zt¡1] = zt¡1
Varpt¡1 [zt¡1] = Pt¡1jt¡1:

The optimal prediction of the mean is

ztjt¡1 = ½zt¡1jt¡1;

and of the variance

Ptjt¡1 = E
p
t¡1

·³
zt ¡ ztjt¡1

´2¸
= ½2Pt¡1jt¡1 + ¾2µ:

The updating equations are

ztjt = ztjt¡1 +
·Ptjt¡1
Ft

(yt ¡ ·ztjt¡1)
Ft ´ ·2Ptjt¡1 + ¾2º

Pt+1jt = ½2
Ã
Ptjt¡1 ¡

·2P 2tjt¡1
Ft

!
+ ¾2µ:

In a steady state, that is, when the optimal prediction of the variance has converged, we
have Pt+1jt = Ptjt¡1 = P , which implies

P = ½2
Ã
P ¡ ·2P 2

·2P + ¾2º

!
+ ¾2µ = ½

2 ¾2ºP

·2P + ¾2º
+ ¾2µ:

This is a Riccati equation for P , which has one positive and one negative root. The positive
root is

P = P (·) ´

vuuut0@(1¡ ½2)¾2º·2 ¡ ¾2µ
2

1A2 + ¾2µ ¾2º·2 ¡ (1¡ ½
2)¾

2
º
·2 ¡ ¾2µ
2

> 0. (A.1)

The updating equation can then be written

zt+1jt = ½ztjt¡1 + g
h
·
³
zt ¡ ztjt¡1

´
+ ºt

i
(A.2)

= (½¡ g·) ztjt¡1 + g (·zt + ºt) ; (A.3)

where g, the Kalman gain, is given by

g = g(·) ´ ½ ·P (·)

·2P (·) + ¾2º
: (A.4)
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If ½ and · are both positive,

0 · g(·)· ´ ½ ·2P (·)

·2P (·) + ¾2º
· ½: (A.5)

The relation between P and g· can be expressed in several di¤erent ways, for instance,

P =
¾2µ + g

2¾2º
1¡ (½¡ g·)2 = ¾

2
µ + g

2¾2º + (½¡ g·)2 P

= ¾2µ + ½
2 ¾2ºP

·2P + ¾2º
=

g·¾2º
·2 (½¡ g·) =

¾2µ
1¡ ½ (½¡ g·) :

A.1 Dynamics, moments and the signal-to-noise ratio

Introduce the forecast error
et+1 ´ zt+1 ¡ zt+1jt

and note that

zt = ½zt¡1 + µt
= ztjt¡1 + et;

where the components are conditionally and unconditionally orthogonal.
The conditional �rst and second moments are

Ept¡1et = 0

Ept¡1zt = ztjt¡1
Et¡1et = ½zt¡1 ¡ ztjt¡1
Et¡1zt = ½zt¡1

Varpt¡1et = Varpt¡1zt = P

Varpt¡1zt+1jt = g2
³
·2Varpt¡1et + ¾

2
º

´
= g2

³
·2P + ¾2º

´
Covpt¡1

h
ztjt¡1; et

i
= Covpt¡1

h
ztjt¡1; zt

i
= Covt¡1

h
ztjt¡1; et

i
= Covt¡1

h
ztjt¡1; zt

i
= 0

Vart¡1et = Vart¡1zt = ¾2µ < P

The unconditional moments�identical for the private sector and central bank�are,

Var [zt] =
¾2µ

1¡ ½2
Var [et] = P

Var
h
ztjt¡1

i
=

¾2µ
1¡ ½2 ¡ P

Cov
h
ztjt¡1; zt

i
= Var

h
ztjt¡1

i
Cov

h
ztjt¡1; et

i
= 0:

In (A.3), call yt = ·zt + ºt the signal, and ºt the noise. Then the signal-to-noise (variance)
ratio, s(·), is de�ned as

s (·) =
Varpt¡1 [yt]
Varpt¡1 [ºt]

=
·2P (·) + ¾2º

¾2º
¸ 1:
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With some algebra, P and g· can be expressed in terms of s as

P = (s¡ 1)¾
2
º

·2
=

s

s¡ ½2¾
2
µ (A.6)

g· = ½
·2P

·2P + ¾2º
=
½(s¡ 1)

s
(A.7)

½¡ g· =
½

s
: (A.8)

It follows that P , g are increasing in s for given ·, and that P and g· are also increasing in s
when · is endogenous, as in regime U. We note from (A.6) that s can be expressed without · as

s =
½2P

P ¡ ¾2µ
: (A.9)

The dynamics of ztjt¡1 can be written in terms of the signal-to-noise ratio as

zt+1jt = ½
·
1

s
ztjt¡1 + (1¡

1

s
)zt

¸
+ gºt:

A.2 Dependence of g· on · and ¾2º

We can show that g(·)· is increasing in ·, despite the fact that P (·) is not monotonic in ·.
This is because ·2 dominates in the term ·2P (·) in (A.5). In order to show this, we note that

·2P (·) =

vuutÃ(1¡ ½2)¾2º ¡ ·2¾2µ
2

!2
+ ·2¾2µ¾

2
º ¡

(1¡ ½2)¾2º ¡ ·2¾2µ
2

=

q£
(1¡ ½2)¾2º ¡ ·2¾2µ

¤2
+ 4·2¾2µ¾

2
º ¡

£
(1¡ ½2)¾2º ¡ ·2¾2µ

¤
2

:

We can set · ´ 1 and examine @P (1)
@¾2

µ

. We get

2P (1) =
q£
(1¡ ½2)¾2º ¡ ¾2µ

¤2
+ 4¾2µ¾

2
º ¡

h
(1¡ ½2)¾2º ¡ ¾2µ

i
2
@P (1)

@¾2µ
=

1

2

1p
n
2
h
(1¡ ½2)¾2º ¡ ¾2µ

i
(¡1) + 4¾2º

o
+ 1

=
1p
n
2¾2º ¡

h
(1¡ ½2)¾2º ¡ ¾2µ

io
+ 1

=

½q£
(1¡ ½2)¾2º ¡ ¾2µ

¤2
+ 4¾2µ¾

2
º ¡

£
(1¡ ½2)¾2º ¡ ¾2µ

¤¾
+ 2¾2º

p > 0;

where we observe that the term within curly brackets is positive. Hence @·2P (·)
@· > 0.

In order to show @g·=@¾2º > 0, let us start with s, which we can write

s ´ ·2P (·) + ¾2º
¾2º

=

q£
(1¡ ½2)¡ ·2¾2µ=¾2º

¤2
+ 4·2¾2µ=¾

2
º ¡

£
(1¡ ½2)¡ ·2¾2µ=¾2º

¤
2

+ 1:
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We realize that
@s

@¾2º
=

@s

@(·2¾2µ=¾
2
º)

Ã
¡ ·2¾2µ

¾4º

!
:

However, @s
@(·2¾2

µ
=¾2º)

> 0 by the same argument as for@P (1)
@¾2

µ
above. Hence, @s

@¾2º
< 0. Thus,

an increase in the noise variance ¾2º reduces the signal-to-noise ratio s. By (A.6) and (A.7)
this increases P and g·. This relation holds generally, and thus, at the optimum when · is
endogenous, as is the case in regime U.

B Unobservable goal

Using
Et¡lt = it ¡ ¼tjt¡1 + "t;

we can write the �rst-order condition (3.7) as

it =
1

2

½
l¤ + zt + ¼tjt¡1 ¡ ¯Et¡

·
(±1 + ±2zt+1jt + ±5zt )

@zt+1jt
@it

¸¾
¡ 1
2
"t. (B.1)

From (2.12), (3.2) and (3.3) and we have,

¼tjt¡1 = k0 + (k2 + k3)ztjt¡1 (B.2)
@zt+1jt
@it

= g (B.3)

Et¡zt+1jt = (½¡ gk2)ztjt¡1 + gk2zt: (B.4)

Substituting and collecting terms gives:

it =
1

2
(l¤ + k0 ¡ ¯g±1)¡ 1

2
²t +

1

2
[1¡ ¯g (gk2±2 + ±5)] zt

+
1

2
[k2 + k3 ¡ ¯g (½¡ gk2) ±2] ztjt¡1

This function is of the form (2.12) with (3.8)-(3.11).
Now return to the value function using (2.12) and (2.18),

V (ztjt¡1; zt¡1) = Et¡1
½
1

2

·³
k0 + k1²t + k2zt + k3ztjt¡1 + ´t

´2
+
³
(k1 + 1)²t + k2(zt ¡ ztjt¡1) + ´t ¡ l¤ ¡ zt

´2¸
+ ¯V (zt+1jt; zt)

¾
:

Expansion of the value function gives:

V (ztjt¡1; zt¡1) = Et¡1
½
1

2

h
k20 + k

2
1²
2
t + k

2
2z
2
t + k

2
3z
2
tjt¡1 + ´

2
t

i
+ k0k2zt + k0k3ztjt¡1 + k2k3ztjt¡1zt

+
1

2

h
(k1 + 1)

2²2t + (k2 ¡ 1)2z2t + k22z2tjt¡1 + ´2t + l¤2
i

¡ (k2 ¡ 1)k2ztjt¡1zt ¡ (k2 ¡ 1)l¤zt + k2l¤ztjt¡1
+ ¯±0 + ¯±1zt+1jt +

1

2
¯±2z

2
t+1jt + ¯±3zt +

1

2
¯±4z

2
t + ¯±5zt+1jtzt

¾
:
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The following expressions are useful in evaluating this expectation:

Et¡1zt+1jt = (½¡ gk2)ztjt¡1 + ½gk2zt¡1 (B.5)

Et¡1z2t+1jt = (½¡ gk2)2z2tjt¡1 + (gk2)2
³
½2z2t¡1 + ¾

2
µ

´
+ 2½(½¡ gk2)gk2ztjt¡1zt¡1 + g2¾2º (B.6)

Et¡1zt+1jtzt = Et¡1
h
(½¡ gk2) ztjt¡1 + g (k2zt + ´t)

i
zt

= ½ (½¡ gk2) ztjt¡1zt¡1 + gk2
³
½2z2t¡1 + ¾

2
µ

´
: (B.7)

Thus, evaluating the expectations yields

V (ztjt¡1; zt¡1) =
1

2

·
k20 +

1

4
¾2² + k

2
2

³
½2z2t¡1 + ¾

2
µ

´
+ k23z

2
tjt¡1 + ¾

2
´

¸
+ k0k2½zt¡1 + k0k3ztjt¡1 + k2k3½ztjt¡1zt¡1 +
1

2

·
1

4
¾2² + (k

2
2 ¡ 2k2 + 1)(½2z2t¡1 + ¾2µ) + k22z2tjt¡1) + ¾2´ + l¤2

¸
¡ (k2 ¡ 1)k2½ztjt¡1zt¡1 ¡ (k2 ¡ 1)l¤½zt¡1 + k2l¤ztjt¡1
+ ¯±0 + ¯±1(½¡ gk2)ztjt¡1 + ¯±1½gk2zt¡1
+
1

2
¯±2

h
(½¡ gk2)2z2tjt¡1 + ½2(gk2)2z2t¡1 + (gk2)2¾2µ + g2¾2º

i
+ ¯±2½(½¡ gk2)gk2ztjt¡1zt¡1 + ¯±3½zt¡1 +

1

2
¯±4(½

2z2t¡1 + ¾
2
µ)

+ ¯±5
h³
(½¡ gk2)ztjt¡1 + ½gk2zt¡1

´
½zt¡1 + gk2¾2µ

i
:

We can obtain expressions for the ±s by collecting the relevant terms. The constant:

±0 =
1

2

·
k20 +

1

4
¾2² + k

2
2¾
2
µ + ¾

2
´

¸
+
1

2

·
1

4
¾2² + (k

2
2 ¡ 2k2 + 1)¾2µ + ¾2´ + l¤2

¸
+ ¯±0 +

1

2
¯±2

h
(gk2)

2¾2µ + g
2¾2º

i
+
1

2
¯±4¾

2
µ

±0 =
1

2

l¤2 + k20 + 1
2¾
2
² +

¡
2k22 ¡ 2k2 + 1 + ¯(gk2)2±2 + ¯±4

¢
¾2µ

1¡ ¯
+
1

2

[2 + ¯(1¡ ¿)g2±2 + 2¯gk2±5]¾2´
1¡ ¯ ; (B.8)

where we have used (2.10). Collect terms in ztjt¡1:

±1 = k0k3 + l
¤k2 + ¯(½¡ gk2)±1 = (l¤ ¡ ¯g±1)k3 + l¤k2 + ¯(½¡ gk2)±1

= l¤ (k2 + k3)¡ ¯gk3±1 + ¯(½¡ gk2)±1
where we have used (3.8). Thus

±1 =
l¤ (k2 + k3)

1¡ ¯(½¡ gk2) + ¯gk3 : (B.9)

Collect terms in z2tjt¡1:
±2 = k

2
2 + k

2
3 + ¯(½¡ gk2)2±2
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±2 =
k22 + k

2
3

1¡ ¯(½¡ gk2)2 : (B.10)

Collect terms in zt¡1:
±3 = k0k2½+ l

¤½(1¡ k2) + ¯½gk2±1 + ¯½±3

±3 =
½k0k2 + ½l

¤(1¡ k2) + ¯½gk2±1
1¡ ¯½ =

½ (l¤ ¡ ¯g±1)k2 + ½l¤(1¡ k2) + ¯½gk2±1
1¡ ¯½

=
½l¤

1¡ ¯½; (B.11)

where we have used (3.8). Collect terms in z2t¡1:

±4 = k
2
2½
2 + (k22 ¡ 2k2 + 1)½2 + ¯½2(gk2)2±2 + ¯½2±4 + 2¯½2gk2±5

±4 = ½
21¡ 2k2 + 2k22 + ¯(gk2)2±2 + 2¯gk2±5

1¡ ¯½2 . (B.12)

Collect terms in ztjt¡1zt¡1:

±5 = ½k2k3 ¡ (k2 ¡ 1)k2½+ ¯½(½¡ gk2)gk2±2 + ¯½(½¡ gk2)±5

±5 =
½k2

1¡ ¯½(½¡ gk2) ; (B.13)

where we have used (3.11).

B.1 Existence and uniqueness

We now have a simultaneous set of 9 equations, 3 for the ks and 6 for the ±s (k1 = ¡ 1
2 is

known). We �rst show that we can rewrite that system as a single equation for k2 in terms of
itself,

k2 = f(k2);

and equations giving the eight remaining ks and ±s in terms of k2.
First, we get an expression for k3 in terms of k2 only. Since g by (A.4) depends only on k2,

and ±2 by (B.10) depends only on k2 and k3, (3.11) can be written as an expression in k2 and
k3 only. Taking k2 as �xed, the equation is a quadratic in k3:

k3 = k2 ¡ ¯g(k2)[½¡ g(k2)k2]
1¡ ¯(½¡ g(k2)k2)2 k

2
2 ¡

¯g(k2)[½¡ g(k2)k2]
1¡ ¯(½¡ g(k2)k2)2k

2
3

or

0 =
¯g(k2)k2[½¡ g(k2)k2]
[1¡ ¯(½¡ g(k2)k2)2] k2 k

2
3 + k3 ¡ k2

·
1¡ ¯g(k2)k2[½¡ g(k2)k2]

[1¡ ¯(½¡ g(k2)k2)2]
¸

=
A(k2)

k2
k23 + k3 ¡ k2[1¡A(k2)]

which has solutions of the form,

k3 =
¡1§p1 + 4A(k2)[1¡A(k2)]

2A(k2)
k2
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where

A(k2) =
¯g(k2)k2[½¡ g(k2)k2]
1¡ ¯[½¡ g(k2)k2]2 :

We note that we can write A(k2) as

A(k2) =
¯ [½¡ (½¡ g (k2) k2)] [½¡ g(k2)k2]

1¡ ¯ [½¡ g(k2)k2]2
=
¯½ [½¡ g(k2)k2]¡ ¯ [½¡ g(k2)k2]2

1¡ ¯ [½¡ g(k2)k2]2
;

hence
0 · A(k2) < 1; (B.14)

since 0 · ½¡ g(k2)k2 < 1.
We choose the positive root for k3. We have not proved, in general, that the negative root

does not give an alternative equilibrium of the model, but we have two arguments for ignoring
this root. First, McCallum [24] argues that we should consider solutions for which the coe¢cients
of the policy rule are continuous in the parameters of the problem. This rules out the negative
root. For ¾2º = 0, we know that k3 = k2. Imposing continuity of k3 in ¾

2
º at ¾

2
º = 0. For ¾

2
º ! 0,

g(k2)k2 ! ½ and A(k2)! 0. It follows that the root above must be

k3(k2) =

p
1 + 4A(k2)[1¡A(k2)]¡ 1

2A(k2)
k2; (B.15)

since the other root does not have a limit for ¾2º ! 0. Furthermore, we note that under (B.14)

0 ·
p
1 + 4A(k2)[1¡A(k2)]¡ 1

2A(k2)
< 1: (B.16)

The second argument rests on the fact that for particular parameter values, one can rule out
the negative root by showing that a one-period deviation from the implied policy rule decreases
the central bank�s loss. Using the approach described in Appendix E, we veri�ed numerically
that the negative root is not an equilibrium.

Thus, we have k3 in terms of k2 alone, and substituting this expression for k3 into the
formulae for ±2 gives an expression for ±2 in terms of k2 alone. By (B.13) ±5 depends only on
k2. Recursive substitution using these results gives expressions for the other ±s and k0. Finally,
substituting the expressions for ±2 and ±5 into (3.10) gives the desired equation for k2:

k2 = f(k2) ´
1¡¯½2

1¡¯½2+¯½g(k2)k2
2 + ¯g(k2)2±2(k2)

. (B.17)

Now existence and uniqueness are only a question of whether there are zero, one, or more
solutions to (B.17). Since 0 < 1¡¯½2

1¡¯½2+¯½g(k2)k2 < 1 and ¯g(k2)
2±2(k2) > 0, we have

0 < f(k2) <
1

2

for all k2. Thus, any solution to (B.17) must be in [0; 12 ]. Further, since f is continuous for
k2 2 [0; 12 ], (B.17) must have at least one solution. Arguments about uniqueness are discussed
in the text and Appendix E.
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B.2 Proof that k2 and k3 go to zero when ¯½ goes to one

First, we show that lim¯½!1 k2 = 0. Denote the numerator in (B.17) by N , so that

1

N
=
1¡ ¯½2 + ¯½g(k2)k2

1¡ ¯½2 = 1+
¯½g(k2)k2
1¡ ¯½2 ;

or, using g(k2)k2 =
½k22P (k2)

k22P (k2)+¾
2
º
,

1

N
= 1+

¯½2k22P (k2)

(1¡ ¯½2)(k22P (k2) + ¾2º)
:

Now let ¯½! 1, in which case ¯ ! 1 and ½! 1 (since they are both bounded above by one),
and ¯½2 ! 1. Assume, contrary to the desired result, that k2 is bounded away from zero as
¯½2 ! 1. Since P (k2) is bounded below by ¾2º , we have

1
N ! 1 implying N ! 0. Since the

denominator of (B.17) is bounded below by 2, N ! 0 implies that k2 ! 0, a contradiction.
Since, by (B.15) and (B.16), 0 · k3 < k2, it follows directly that lim¯½!1 k3 ! 0.

C Regime OI

From (A.4) and (A.1) it is clear that gk2 = ½ when ¾2º = 0. Using this fact and (3.11), we have
k2 = k3. Substituting in (B.9), (B.10), and (B.13), gives

±1 =
2l¤k2
1 + ¯½

(C.1)

±2 = 2k22 (C.2)

±5 = ½k2: (C.3)

Now from (3.8) and (C.1), using gk2 = ½,

k0 = l
¤ ¡ 2¯½l¤

1 + ¯½
= l¤

1¡ ¯½
1 + ¯½

:

From (3.9), k1 = ¡ 1
2 , and from (3.10), (C.2) and (C.3), using gk2 = ½,

k2 =
1¡ ¯g½k2
2 + ¯g2(2k22)

=
1¡ ¯½2
2(1 + ¯½2)

:

These together imply the results in the text.

D The CM regime

Our baseline regime is closely related to the model of Cukierman and Meltzer [9], Cukierman [6]
(Part II, especially Chapters 8�10), and Levine and Pearlman [22]. The information structure
in the CM regime is the same as in the U regime above. The only di¤erences are that ¿ = 0 and
the CM period loss function is

LCMt =
1

2
i2t ¡ (A+ zt) (¼t ¡ ¼tjt¡1): (D.1)
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With ¿ and ¾2´ �xed, this loss function will give rise to the same �rst-order condition (after
taking expectations Et¡) as

LCM
0

t =
1

2
(it + ´t)

2 ¡ (A+ zt)
³
¼t ¡ ¼tjt¡1 + "t

´
=

1

2
¼2t ¡ (A+ zt) lt: (D.2)

Thus, since the CM loss function is linear in unanticipated in�ation, it is implicitly linear in
employment: there is no objective to stabilize employment.

When Lt is given by (D.2), the �rst-order condition for (3.6) is

it ¡A¡ zt + ¯Et¡
·
(±1 + ±2zt+1jt + ±5zt)

@zt+1jt
@it

¸
= 0; (D.3)

where the ±s are the coe¢cients in the quadratic value function of the form (3.5). From (D.3),
(B.3) and (B.4) we get

it = A¡ ¯g±1 + [1¡ ¯g (±2gk2 + ±5)] zt ¡ ¯g (½¡ gk2) ±2ztjt¡1:
This is a policy rule on the form (2.12), if the coe¢cients ful�ll

k0 = A¡ ¯g±1 (D.4)

k1 = 0 (D.5)

k2 =
1¡ ¯g±5
1 + ¯g2±2

(D.6)

k3 = ¡ ¯g (½¡ gk2) ±2: (D.7)

Substitution of (2.12) and (D.4)�(D.7) into (3.4) gives, with the same method as in appendix
B,

±2 = k3 = 0 (D.8)

±1 =
Ak2

1¡ ¯ (½¡ gk2) (D.9)

±5 =
½k2

1¡ ¯½ (½¡ gk2) : (D.10)

Thus,

k0 =
1¡ ¯½

1¡ ¯ (½¡ gk2)A (D.11)

k1 = k3 = 0 (D.12)

k2 =
1¡ ¯½

1¡ ¯ (½¡ gk2) : (D.13)

The most important di¤erence from regime U is that in CM, k1 = k3 = 0. Obviously, k1 = 0
because the central bank does not care about the e¤ect of the supply shock on employment.
Essentially the same reason accounts for the central bank disregarding its reputation (k3 = 0) in
forming policy: Consider regime U in a situation when l¤ = 0, zt = 0, and suppose that k3 = 0
and "t = 0. The period loss function with zt = l¤ = l¤t = 0 is

1

2
(¼2t + l

2
t ):
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Under these assumptions, it = 0, and E¼2t is at its minimum of ¾
2
´. The central bank could lower

the period loss by a one-period deviation moving it in the same direction as the sign of ztjt¡1.
Take it = k3ztjt¡1 for some small positive k3. Lowering it from zero raises E¼2t but lowers El

2
t

by more. By deviating from the supposed rule and moving it in the direction of what the public
expects, the gain from smoothing employment outweighs the rise in squared in�ation. This one-
period deviation will have a small cost in terms of slowing public learning (Et¡@zt+1jt=@it > 0),
but this term is outweighed. In the CM case, with A = zt = 0, the period loss function is
simply 1

2¼
2
t . No employment-stabilizing bene�t comes from moving it in the direction the public

expects, and the bank has no incentive to use any k3 other than k3 = 0.

E The numerical work

For a given value of the parameters (¯; ½; ¿ ,¾2´; ¾
2
µ; l

¤), we solve regime U by searching over k2 2
[0; 12 ] for a k2 satisfying k2 = f(k2). Regimes OI and OG can be solved by direct computation.
After solving the models, any aspect of the models for which we have formulae can be computed
directly. This includes all the results about the values of the ks, the loss functions, g, and P . In
particular, the derivatives are all evaluated with analytic formulae.

Three items for which we state numerical results cannot be computed directly: (1) Unique-
ness of the solution to k2 = f(k2), and (2) The incentive to deviate from the possible equilibrium
with the negative k3 root, 3) Verifying what ¿ is optimal for any value for the other parameters.

Numerical uniqueness is checked by computing f(k2) for 100 evenly spaced points in the
interval [0:0001; 0:5] and checking whether f is monotonically declining over the range for those
points.

To test the incentive to deviate under the negative k3 root, we �rst solve the model for the
ks, ±s, and g taking the negative root for k3. We then repeat the following steps for a wide
range of the state variables zt and ztjt¡1 (these are the state variables as of time t¡, which is
relevant in what follows): (i) Evaluate the central bank loss under the implied policy rule seen
from time t¡, after µ and " = 0 are drawn at t, but before ´ is drawn. (ii) Evaluate the central
bank loss seen from time t¡ (with " = 0) from setting it equal to various arbitrarily chosen
values, but returning to the policy rule from t+1 onward. If for any (zt; ztjt¡1) pair, there is an
it that dominates the policy rule, we have proved that the negative k3 root is not an equilibrium
for this parameter value. In 100,000 draws, about 3 percent of draws would not solve at all
with the negative k3 root; for all the remaining draws, the negative root did not constitute an
equilibrium.

For the optimal ¿ , we draw a value for the other parameters and check the value of the two
loss functions at 100 evenly spaced points between zero and one. The smallest loss is taken as
the optimum.

Four separate numerical experiments were performed: There was one run for the full para-
meter space and one for the small parameter space in which all aspects except the optimal ¿ and
the validity of the negative k3 root were checked. There was one run checking the optimal ¿ for
the full parameter space (since the derivatives of loss with respect to ¿ for the small parameter
space were of one sign, the optimal ¿ results follow without further computation). Finally, there
was one run checking the validity of the negative k3 root. In each case, for a small number
of draws, numerical instability for certain extreme parameter values kept us from solving the
model at all. For the four experiments, this problem arose for 63, 66, 152, and 3,319 draws out
of 100,000, respectively.
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