
Managing expectation in the New Keynesian model

Robert G. Kinga, Yang K. Lub�

a Boston University;

b Hong Kong University of Science and Technology;

February 2019

Abstract

We study the optimal monetary policy in a setting where the private sector is forward-looking

and learning about the type of central bank in place. We consider two types of central bank, one

patient type that can commit and the other type is myopic and cannot commit. Being able to

commit or not, the central bank in place chooses in�ation policies optimally, taking into account

the learning and rational expectation of the private sector. We show that the equilibrium can

be obtained as a solution to a recursive optimization of the committed type in which the actions

of the non-committed type are subject to an incentive compatibility constraint. The numerical

solution to a calibrated model reveals that the committed central bank with good initial reputation

adopts policies similar to the standard solution under full commitment, whereas the committed

central bank with poor initial reputation aims at building reputation with anti-in�ation policies

that involve real costs. If the non-committed central bank with good initial reputation is in place,

there will be lengthy real stimulations with gradually rising actual and expected in�ation, followed

by stag�ation when the history of positive in�ation surprises depletes the central bank�s reputation.
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1. Introduction

Since the rational expectation revolution of 1976, it has become conventional for macro-

economists to discuss the historical behavior of monetary policy, in�ation and real activity

using various combinations of the following six concepts:

(1) shifting monetary policy regimes;
(2) optimal monetary policy, with and without commitment;
(3) management of expectations;
(4) private sector learning about the nature of the monetary policy authority;
(5) reputation as a determinant of monetary policy actions;
(6) in�ation targets.

Among the historical experience that macroeconomists have sought to understand are

six phenomena:

(1) lengthy intervals of low and relatively stable in�ation and real activity
(2) anti-in�ation policies, both gradual and abrupt, involving real costs;
(3) time-varying responses of in�ation to the relative price of energy;
(4) lengthy real stimulations with gradually rising actual and expected in�ation;
(5) rising in�ation accompanied by declining real activity (stag�ation);
(6) high in�ation with little relationship to real activity.

Our work makes two contributions, building a model environment in which each of the 6

elements are present and illustrating how the model can capture each of the 6 outcomes.

1.1. Modelling

We develop a New Keynesian (NK) model in which there are stochastic shifts in regime,

with a random event determining the type of the policy authority, who may able to commit

or not. Within a regime, a committed and trustworthy policy authority implements an

optimally designed in�ation target that takes into account: (i) a conventional objective over

in�ation and real activity; (ii) the forward-looking nature of in�ation in the NK model; and

(iii) private sector expectation formation that optimally processes noisy information about
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the policy authority�s type.1 The system of time-varying in�ation targets is calculated using

a recursive approach to optimal policy design, so that history dependence is captured using

a pseudo state variable (commitment multiplier). The target in�ation rate also depends on

an exogenous energy price shock and on a reputational state variable that summarizes the

private sector�s beliefs of the policy authority�s type. Learning is incomplete because in�ation

outcomes are stochastic given the policy authority�s action, which is not directly observable

although it is identical to the target of a trustworthy committed type. In designing policy, the

committed authority understands the evolution of private sector beliefs about its type and

the consequences that these have for in�ation expectations. Management of expected future

in�ation thus depends on the likelihood that each type of policy authority will be in place in

the future and the actions that a future policy authority will take given the circumstances

encountered. The recursive optimal policy design problem for the committed type that we

solve is essentially a dynamic principal-agent problem in which the actions of the alternative

type �that cannot commit �are subject to an incentive compatibility constraint.

1.2. Applications

Our framework permits us to address important topics in the normative and positive

analysis of monetary policy when there are credibility concerns. On the normative side,

the solution to our recursive optimal policy problem answers the question: "what is the

best policy for a committed authority when there are private sector credibility concerns

stemming from the fact that commitment is not feasible for all types of policy authorities?"

On the positive side, we can ask: "how would macroeconomic time series behave if there is

a committed policy authority in place? how would the behavior be di¤erent if policy was

made by an authority that could not commit?"

To benchmark the answers to these questions, we use a setting in which stochastic regime
1By describing the committed type as trustworthy, we mean that its announcements will correspond to

its actions. In the current analysis, we do not focus on aspects of the announcement game, presuming that
the conclusions reached in King et al. (2008) and Lu (2013) would carry over to the current setting.
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transitions occur when type is known. With a committed type known to be in place, there

is an interval of high but declining in�ation, which gives way to zero average in�ation for

the duration of the regime. When it is known that the policy authority cannot commit, then

there is high average in�ation. Thus, the benchmark model can capture "great moderation"

phenomena (1) with commitment and "in�ation bias" phenomena (6) without commitment,

as well as a speci�c cross-regime reason for time-varying response of in�ation to energy price

shocks frequently termed as "stabilization bias" from lack of commitment. Further, in�ation

expectations are low and stable under commitment but high and volatile without it, while

only minimally in�uenced by prospective regime change in the calibrated economy that we

study.2

Within a regime of unknown type, there is a richer interaction between policy actions,

in�ation history, expectations and real outcomes. To begin, a policy authority that cannot

commit �which we sometimes call the alternative type �chooses its action understanding

the consequences of observed in�ation history and current in�ation shocks for in�ation ex-

pectations, although it does not believe it can manage expectations. In a setting where the

private sector attaches a high likelihood to there being a commitment type in place, in�ation

expectations will lead the alternative type to be less aggressive (less biased) in its average

choice and its response to observed in�ation shocks. Accordingly, its optimizing behavior

can lead to phenomenon (4), i.e., lengthy intervals of high real activity with gradually rising

actual and expected in�ation. As a history of positive in�ation surprises leads to a decline in

the likelihood that a committed type is in place, the alternative type will optimally choose

to experience rising in�ation accompanied by declining real activity (stag�ation), i.e., phe-

nomenon (5) will rise. Ultimately, its type will be revealed and it will simply experience high

and volatile in�ation with little e¤ect on real economic activity.

2The stochastic regime transition with the policy authorities known to be committed is the same as the
models of "loose committment" by Schaumburg and Tambalotti (2007) and Debortoli and Nunes (2014).
The e¤ect of prospective regime change is small in our model because we calibrate the model to have the
average duration of a central banker�s term to be 8 years.
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In stressing that the optimal behavior of the alternative non-committed policy authority

depends on the evolution of private sector in�ation expectations, we have glossed over the

fact that these are based in part on the optimal actions that a committed type would take

given the same macroeconomic history. The optimal actions for the committed type do

feature management of expectations, taking into account their e¤ect on its own objective

and on the behavior of an alternative non-committed type. The committed type understands

that a lower private sector likelihood of its type being present �a lower reputation �worsens

the leverage that its prospective policy actions have on current expected in�ation. It also

understands that the expected in�ation a¤ects the private sector�s perceived optimal behavior

of the alternative type, and in turn their inference about the policy authority�s type from

the random in�ation outcome, i.e., the evolution of reputation.

The resulting optimal policy for a committed authority depends nonlinearly on its repu-

tation. When the committed type has good reputation, its leverage on in�ation expectations

through the likelihood of its type being present extends to the perceived actions of the alter-

native type, as the optimal behavior of the non-committed type with good reputation is close

to that of the committed type. The enhanced leverage on in�ation expectations helps the

committed type to stimulate output with an interval of high but declining in�ation, similar

to when the committed type is known to be in place. The private sector�s learning is slow

in this case. When the committed type has poor reputation, the private sector�s in�ation

expectations are higher and more volatile not only because the likelihood of the committed

type being present is low but also because the perceived optimal policies of the alternative

non-committed authority are higher and more volatile. Such in�ation expectations have

an adverse e¤ect on the committed type�s output-in�ation trade-o¤, forcing it to build up

reputation rapidly through anti-in�ation policies. Poorer reputation motivates more abrupt

anti-in�ation policies associated with larger output costs, which leads to phenomenon (2),

i.e., anti-in�ation policies, both gradual and abrupt, involving real costs.
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Finally, the nonlinear e¤ect of reputation on optimal committed policy also leads to time-

varying responses of in�ation to the relative price of energy, i.e., phenomenon (3), within a

policy regime. In particular, the accommodation of in�ation to an energy price shock is large

when the committed type has poor reputation and is small when its reputation is good. As

the private sector gradually learns that it is the committed type in place, the response of

in�ation to the energy price shock becomes smaller over the duration of the regime.

1.3. Related literature

This paper is closely related to the reputation literature on monetary policy. The early

representative examples of this literature are Barro (1986), Backus and Dri¢ ll (1985a) and

Backus and Dri¢ ll (1985b). They show that reputational force can discipline a discretionary

policymaker to behave like a committed type, who mechanically adopts an exogenously given

policy rule. Other papers in this literature put more emphasis on the optimal behavior of

the committed policymaker. Cukierman and Liviatan (1991) and King et al. (2008) study

how reputation concerns change the optimal committed monetary policy in a setting with

the Lucas-Barro-Gordon Phillips curve. Hansen and McMahon (2016) and Xandri (2017)

show the importance of signaling in monetary policy decisions, in which the "good" type

of policymaker has a binary choice of signals. The most related paper is Lu et al. (2016),

which studies optimal reputation building by the committed poilcymaker in a NK model

with the non-committed policymaker mechanically following a given policy rule. Lu et al.

(2016) �nds that reputation building incentives make the committed policymaker less prone

to simulate output with initially high but declining in�ation and its in�ation responses

less accommodating to energy-price shocks. In the current paper, we treat both types of

policymakers (committed or non-committed) as strategic players and solve for their optimal

in�ation policies in a single recursive optimization problem. We �nd that taking into account

the optimal responses of a non-committed policymaker signi�cantly changes the reputation



Managing expectation in the New Keynesian model 7

building incentives of the committed policymaker, making the e¤ect of reputation on optimal

committed policy highly nonlinear.

In this paper, the rich dynamics of reputation is governed by the private sector�s learning

about the type of the policy authority in place. Our model thus belongs to the vast learning

literature on monetary policy,3 which is well known to be more consistent with basic facts

about measured expectations and forecasting errors than the standard rational expectation

(RE) approach. Most papers in the literature assume that the agents learn using a misspec-

i�ed model of the economy. Our approach di¤ers in that our private sector possesses prefect

knowledge about the economic model (i.e., the mapping from the states to the policies),

yet incomplete information of the type of policy authority. These two approaches are com-

plementary in capturing di¤erent uncertainty regarding the fundamentals of the economy.

Our approach is more appropriate for studying an economy in which the optimal monetary

policy is well understood given the central banker�s preference and commitment technology.

Adopting a similar approach, Matthes (2015) estimates a model in which the private sector

uses Bayes�law on a rolling data sample to discriminate between two models of monetary

policymaking. He �nds that the private sector increasingly believed that the monetary pol-

icy was set with commitment during the Volcker disin�ation. Our model di¤ers from his

in that the optimal monetary policy �with or without commitment � takes into account

the private sector�s learning, and the private sector understands such sophistication of the

optimal monetary policy.

Finally, this paper is related to the recursive contracts literature since the equilibrium of

the model is the solution to a recursive optimal policy problem for the committed type. It is

now standard to analyze optimal policy under commitment using methods from the recur-

sive contracts literature, with the policy authority (the principal) selecting macroeconomic

outcomes that can be implemented in a particular market structure by the decentralized

3See Evans and Honkapohja (2003), Evans and Honkapohja (2008), Woodford (2013) and Eusepi and
Preston (2018) for the surveys of this literature.
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choices of households and �rms.4 Relative to a standard dynamic principal agent problem,

our model possesses several new elements worth stressing. First, the principal (the commit-

ted type) and the agent (the non-committed type) are never simultaneously present. The

type of monetary authority that is present is governed by an exogenous probability structure,

in which publicly observed replacement event yields a randomly drawn type of new policy

authority. Second, the principal cares only about the value of the objective if he is present,

but that of the agent. Third, due to the fact that nature determines whether the principal or

agent is present, contract design involves only an incentive compatibility constraint for the

agent and not a participation constraint. Fourth, the rewards to either the principal or the

agent depend on the beliefs of a third party (the private sector), speci�cally the likelihood

that each type of authority will be present next period and the actions that each would take

given the future state of the economy.

2. The Economy

Consider an economy in which a policymaker designs and implements policies that are

payo¤-relevant to a private sector composed by forward-looking agents. The private agents

are unsure whether the poilcymaker can commit or not. In order words, when the pri-

vate agents make forward-looking decisions, they take into account the possibility that an

announced policy plan may not be executed.

2.1. Policymakers: types and actions

The policymaker in the economy is a central banker who is responsible for the in�ation

rates. A central banker can serve for multiple periods, with the term length determined ran-

domly by a constant replacement probability q each period. A replacement is not forecastable

but is a publicly observed event if it occurs.

4Examples can be found but are not limited in: Khan et al. (2003), Golosov et al. (2016) and Marcet and
Marimon (2017).
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We study the optimal in�ation policy of a central banker who maximizes the payo¤s

within his own term. The central banker can be one of the two types: the committed type

or the alternative type.

The committed type of central banker is capable of commitment. He chooses the optimal

in�ation plan when he �rst takes o¢ ce and commits to the plan for all subsequent periods,

conditional on his holding o¢ ce. The predetermined optimal plan speci�es the committed

type�s in�ation policy in each period t, denoted by at, contingent on the realization of shocks.

The committed type has a time discount factor �1 and a momentary payo¤:

ut = �
1

2
[�2t + h1(xt � x�)2]; (1)

where �t is the in�ation rate, xt is the output gap, and x� > 0 is the output gap target.

The alternative type of central banker cannot commit so that he chooses the optimal

in�ation policy, denoted by �t, on a period-by-period basis. We assume that the alternative

type is myopic and his momentary payo¤ is

�t = �
1

2
[�2t + h2(xt � x�)2]: (2)

To help exposition later, we assume that the central banker announces his in�ation plan

in advance. The committed type will announce at and honor the announcement by his

implemented policy. The alternative type will also announce at but will implement �t 5

2.2. Private sector: payo¤ and information

A private sector is composed by all agents in the economy but the policymaker. There are

two key characteristics of the private agents: 1) none of them has strategic power (they are

5In our prior work, King et al. (2008) and Lu (2013), we studied the signaling equilibrium of a model
in which the alternative type chooses optimal announcement strategy. We found that both types of policy
authorities would make the same announcement and that the announcement would be the optimal policy
for the committed type. Our present assumption is in line with these �ndings.
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atomistic); 2) they are forward-looking. A reduced-form aggregate outcome of the interaction

among the private agents is represented by a standard New Keynesian (NK) Phillips curve

�t = �Et�t+1 + �xt + & t; (3)

where � is the private sector�s time discount factor, Et�t+1 is the expected future in�ation,

and the cost-push shock & t follows an exogenous Markov chain process:

Pr (& t+1 = sj& t = �) = � (s; �) : (4)

The private sector does not observe the central banker�s type or his in�ation policy, at

or �t. Yet, it observes an in�ation rate �t that is a random outcome of the in�ation policy.

In particular:

�t =

8><>: at + "t under the committed type

�t + "t under the alternative type
; (5)

where "t is an i.i.d. implementation error with mean zero, variance �2", and a bell-shaped

distribution that peaks at zero.6 We interpret this random in�ation error as a reduced-form

representation for all unforeseeable factors that a¤ect the in�ation rate beyond the monetary

policy. There is ample evidence that realized in�ation rates often miss the in�ation targets,

with examples including Roger and Stone (2005) and Mishkin and Schmidt-Hebbel (2007).

2.3. Reputation, credibility, and expected in�ation

The realized in�ation rate is thus a noisy signal of the unobserved policy, or equivalently,

the type of the incumbent central banker. Denote by �t the private sector�s assessment (as of

the start of period t) of the probability that the incumbent central banker is the committed

6A similar structure with implementation error can be found in Cukierman and Meltzer (1986), Faust
and Svensson (2001), Atkeson and Kehoe (2006), etc.
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type. After observing �t, the private sector updates �t according to Bayes�rule:

�t+1 =
�tf(�tjat)

�tf(�tjat) + (1� �t)f(�tj�t)
; (6)

where f(�ja) denotes the probability of observing �, conditional on the underlying policy�s

being a. We refer to � as the reputation of the central banker.

The central banker�s reputation � determines the extent to which the announced policy

plans can a¤ect the private sector�s expected in�ation:

et � �Et�t+1 = �

8><>: (1� q)
�
�t+1Et (at+1) + (1� �t+1)Et (�t+1)

�
+q [�0Et (a0) + (1� �0)Et (�0)]

9>=>; : (7)

In this expression, the right hand side is a probability-weighted average of the expected

in�ation that will take place if the incumbent central banker continues his term and that if

the incumbent central banker is replaced. If the current central banker continues his term,

the expected in�ation will be at+1 conditional on the incumbent central banker being the

committed type, and �t+1 conditional on him being the alternative type, so that Et (at+1) is

weighted by �t+1 and Et (�t+1) is weighted by 1��t+1. Turning to the case of a replacement,

the newly appointed central banker will reoptimize and set a0 if he is the committed type

and �0 if he is the alternative type. We specify the initial reputation of the newly appointed

central banker as follows:

�0 = �
�
� ; !; �t+1

�
= � + !

�
�t+1 � �

�
:

One can interpret ! as the probability of the new central banker being of the same type as

his predecessor. With the complementary probability, 1 � !, the type of the new central

banker will be an unconditional draw that has � probability to be the committed type. Note

that the appropriate reputation measure � or � + ! (�� �) captures the credibility of the
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announced policy plan at+1 or a0:

2.4. Timing of events

Within a period t, events take place in the following order. A public replacement of the

incumbent central banker either occurs or not. The cost-push shock & t hits. An in�ation

plan will be announced if the central banker is a new comer. Otherwise, there will be no

announcement. Then the central banker implements a hidden in�ation policy, at or �t,

depending on his type. This hidden policy results in an observable in�ation outcome �t.

The private sector forms expectations about in�ation in the next period, et. Finally, the

output gap xt is determined by the Phillips curve.

3. Macro Equilibrium

The economy just described consists of a private sector and a central banker who can be

one of the two types, but whose actions do not directly reveal his type: we thus are essentially

considering a dynamic game with imperfect information. This section de�nes equilibrium in

this dynamic game and analyzes the strategic interaction between the two types of central

bankers, in light of the learning behavior of private agents. In closing the section, we describe

a principal-agent interpretation of the dynamic game.

3.1. Public Equilibria

De�ne the publicly observable history ht = fht�1; �t�1; & tg as the collection of all past

realizations of in�ation rates and cost-push shocks. We restrict our attention to equilibria

in which all strategies are conditional only on the public history, i.e., "public strategies."

Such a restriction is innocuous in our equilibrium analysis because: 1) the private sector�s

strategy has to be public since ht is the private sector�s information set; 2) the committed

type�s policy has to be public since it follows the announced policy plan, which needs to be
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veri�able by the private sector;7 3) given all the other player�s strategies are public, it is also

optimal for the alternative type to choose public strategies (Mailath and Samuelson (2006)).

3.2. Perfect Bayesian

We further require the equilibrium in this imperfect information game to be perfect

Bayesian. That is, the beliefs of the private sector are consistent and the strategies of the

two types of central bankers satisfy sequential rationality.

3.2.1. Consistent beliefs

The expected in�ation in (7) summarizes all the relevant beliefs of the private sector:

how likely is the incumbent central banker the committed type and what are the expected

in�ation policies under the committed and the alternative types of the incumbent and the

new central bankers. The posterior belief of the incumbent central banker�s type follows

the Bayes� rule as in (6). The in�ation policy of the incumbent committed type follows

the announced policy plan is thus known to the private sector. The other in�ation policies,

however, are not announced so that the private sector needs to make conjectures on what

they will be. In equilibrium, we impose rational expectations in the sense that the conjectured

policies coincide with the equilibrium policies.

The consistency restriction on the beliefs of private sector therefore implies that the

posterior belief �t+1 in (6) is a function of (ht; �t) and the expected in�ation et in (7) can be

written as

e (ht; �t) = �

8><>: (1� q) [� (ht; �t)Et [a (ht+1)] + (1� � (ht; �t))Et [� (ht+1)]]

+q [�0 (ht; �t)Et (a0 (ht+1)) + (1� �0 (ht; �t))Et (�0 (ht+1))]

9>=>; ; (8)

where Et (�) =
P

&t+1
� (& t+1; & t) (�).

7We do not allow mixed strategy in announcement, which can be an interesting extension of the current
model.
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3.2.2. Sequential rationality of the alternative type

Although the central banker of the alternative type implements the in�ation policy before

the private sector�s actions, his in�ation policy has no strategic power on the private sector�s

expectation because neither does his policy follow the announced one nor is it observable.8

The alternative type of the central banker therefore maximizes his momentary payo¤ (2),

taking as given the private sector�s expected in�ation e (ht; �t), the e¤ect of his policy � on

the distribution of the in�ation rate �, and the Phillips curve (3).

With moderate conditions on e (ht; �t) to ensure the interior solution to the alternative

type�s optimization, a sequential rational in�ation policy �t needs to satisfy the �rst order

condition: Z
� (�t; e (ht; �t) ; & t) f� (�tj�t) d�t = 0, (9)

where � (�t; et; & t) is the momentary objective with xt replaced by (�t � et � & t) =�, and

f� (�tj�t) is the �rst-order derivative of the density function f (�j�).

A special case with normal density: If we assume normal density function for f (�j�),

we can further solve for the solution to the �rst order condition (9):

�t =
h2

�2 + h2
[E�t et + & t + �x

� +HOT ]: (10)

where E�t et =
R
e (ht; �t) f (�tj�t) d�t andHOT is the higher-order term that collects second

or higher moments:

HOT = �cov(et; �t � �t)
var(�t)

(& t + �x
�
t � �t)�

1

2

cov(e2t ; �t � �t)
var(�t)

+
cov(et; (�t � �t)2)

var(�t)
:

8Because it is impossible for private agents to adjust their belief based on some unobservable change of
alternative type�s in�ation policy. The situation is analogous to Osborne and Rubinstein (1994)�s discussion
of the Stackelberg game.
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The solution in (10) highlights how the optimal in�ation policy of the alternative type �t

depends on the private sector�s expectation function e (ht; �t).

If et is independent of �t, the solution in (10) is the one with both in�ation bias and

stabilization bias derived in a pure discretion model. If et is responsive to �t, there are two

additional channels that a¤ect �t.

First, when et works to smooth the e¤ect of in�ation shock on the output, the optimal

alternative policy �t is lower than the pure discretionary rule. In an extreme case where

the smoothing e¤ect is perfect and the output is always at its targeted level x�, the optimal

alternative policy is zero. This e¤ect is captured by the terms E�t et + & t + �x
� in (10).

Second, et can have di¤erent sensitivity to �t conditional on the realization of �t. The

optimal alternative policy determines the mean of the realized in�ations and it is chosen

to balance the in�ation risk and the implied risk on output. Therefore, if et is better at

smoothing the in�ation shock at higher values of �t, the optimal alternative policy will

be higher so as to put more probability weight on these low-output-risk in�ation rates.

Conversely, the optimal alternative policy tends to be lower if et is more sensitive to �t at

lower values of �t. This e¤ect is captured by the HOT term in (10).

3.2.3. Sequential rationality of the committed type

The central banker of the committed type, in contrast to the alternative type, decides

all his future state-contingent policies at period 0 (the beginning of his term) and commits

to them. Through announcement, his committed state-contingent policy plan is public in-

formation and therefore has strategic power on both the private sector�s expectation and

the alternative type�s in�ation policies. In particular, the strategy of the committed type is

sequentially rational if it maximizes his expected payo¤ at period 0,

E0f
1X
t=0

�t1 (1� q)
t

Z
u (�t; e (ht; �t) ; & t) f (�tjat) d�tg; (11)
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where u (�t; et; & t) is the momentary objective of the committed type with xt replaced by

(�t � et � & t) =�. The committed type takes into account that the private sector�s expectation

e (ht; �t) is formed based on a consistent belief system (8), through which both the committed

and the alternative policies a¤ect how et depends on �t, and that the alternative type�s

period-t in�ation policy is sequentially rational, i.e., it satis�es (9), and hence is an optimal

response to the period-t private sector�s expected in�ation e (ht; �t).

3.3. A principal-agent interpretation

Constructing the Public Perfect Bayesian equilibrium in this game can be usefully viewed

as solving a principal-agent problem. The central banker of the committed type is the

principal. He chooses the future actions of his own and the future actions for the two

agents � the private sector and the central banker of the alternative type. In choosing

the future actions of the two agents, the principal has to respect two incentive compatibility

constraints, one is the rational expectation constraint for the private sector (8) and the other

is the sequential rationality constraint for the alternative type (9). Our further analysis will

be based on this principal-agent interpretation.

4. Recursive Framework

The optimal policy problem for the central banker of the committed type (the principal

as in the principal-agent interpretation) is to maximize the objective (11) subject to rational

private sector�s expectation (8) and the sequential rationality of the alternative type (9).

Under the �rst order approach, we can form a Lagrangian by attaching multipliers t to the

expectation constraint and �t to the sequential rationality constraint. Then, as shown in

the appendix, we can rewrite the in�nite-horizon maximization problem in a recursive form

with state variables �t and & t and a pseudo state variable �t,
9 following the research path

9The pseudo state variable is proportional to the lagged multiplier t�1, which is another manner in
which the history dependence is frequently incorportated.
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laid out by Kydland and Prescott (1980), Marcet and Marimon (2017) and others.10

W (�t; �t; & t) = min
�t;t(�t)

max
at;�t;et(�t)

E�t
�
wt + �1(1� q)EtW

�
�t+1; �t+1; & t+1

�	
; (12)

where E�t (�) =
R
(�) f (�tjat) d�t, Et (�) =

P
&t+1

� (& t+1; & t) (�) ;

wt = u (�t; e (�t) ; & t) + t (�t) et(�t) (13)

� (1� q) �t [�tat + (1� �t)�t] (14)

�q�t [((1� !) � + !�t) a0 + (1� (1� !) � � !�t)�0] (15)

+�t
f� (�tj�t)
f (�tjat)

� (�t; e (�t) ; & t) ; (16)

subject to state evolution equations for the cost-push shock (4) and the reputation state (6),

and

�t+1 =
�

�1 (1� q)
t, with �0 = 0. (17)

Notice that �t, at and �t are chosen before the realization of �t, whereas t and et are

functions of �t because the private sector forms expectation after observing �t. Within this

approach, our task is thus to determine how equilibrium outcomes such as a depend on the

state vectors st = (�t; �t; & t), how equilibrium outcomes such as e depend on (�t; st) and how

the pseudo state � evolves with (�t; st).

4.1. Familiar elements of policy design

It is useful to consider the elements of policy design in (12) that are familiar from textbook

analyses such as those of Woodford (2003), Walsh (2010), and Gali (2015), and from earlier

work in the literature such as Schaumburg and Tambalotti (2007) and Lu et al. (2016).

10See also Chang (1998) and Phelan and Stacchetti (2001).
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Full commitment benchmark Optimal monetary policy with non-stochastic in�ation

(�" = 0), no regime changes (q = 0) and perfect credibility (� = 1) is well understood to be

history dependent, i.e., there is an interval of startup in�ation. This feature is captured in

the recursive framework by the dependence of the policy a on the pseudo state variable �t

with startup in�ation being transitional dynamics from the initial condition �0 = 0. The

term ��tat in (14) captures the e¤ect of past commitments: a greater value of � makes it

less desirable to raise current in�ation from 0. Along the transitional path, as the pseudo

state variable � rises over time towards its positive steady state value, the policy action a

declines and, ultimately, converges to zero long-run in�ation.

Such a path of initially high but declining in�ation highlights that the optimal policy

involves expectations management. In each period of the transition, the expected in�ation

is engineered to be lower than the current in�ation et < �t, so that there is a stimulation of

real activity brought by the optimal policy. Taking �rst order condition of et of the recursive

program (12),

t = �ue;t = �
h1
�
(xt � x�) ; (18)

reveals that the choice of et balances the bene�cial e¤ect of lower expected in�ation (�ue;t),

which works to stimulate real activity at a given in�ation rate as long as the output gap

xt =
1
�
(�t � et � & t) < x�, with the fact that future in�ation must be lower given rational

expectations (a higher t increases �t+1 and in turn lower at+1).

Stochastic in�ation With stochastic in�ation (�" > 0), expectation management takes

on a heightened role. For example, after a positive in�ation shock (� � a = " > 0), output

will be unexpectedly high and it is optimal to smooth out such a bene�cial surprise over time

by raising expected in�ation. Technically, a positive in�ation shock in period t produces a

contemporaneous decline in the multiplier t, which translates into a decline in the pseudo

state variable �t+1 in the following period and an increase in the optimal policy at+1, thus
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ratifying the e¢ cient movement in expected in�ation �et > 0. Just as in the transitional

dynamics, the e¢ cient response to the unexpected positive in�ation shock is to produce a

temporary interval of high but declining in�ation.

Prospective regime change With prospective regime change (q > 0), there are ele-

ments of policy design stressed by Schaumburg and Tambalotti (2007): the future is dis-

counted more heavily in the objective (12) and the optimal policies of a successor appear in

forward-looking constraint, i.e., in (15) within the recursive program. Since a new regime

starts without any prior commitment (�0 = 0), an equilibrium requires that optimal policies

a (�; 0; &; a0; �0) = a0 and � (�; 0; &; a0;�0) = �0. Our computations employ a �xed point

recipe: we conjecture a0 (�; &) and � (�; &), solve for optimal a and �, the iterate until con-

verge.

Evolving reputation With endogenous reputation, there is a state variable � not present

in the standard NK framework, whose evolution is in�uenced by the committed type�s action

at, but also by in�ation outcome �t and the alternative type�s action �t. That is, Bayesian

learning (6) speci�es that �t+1 = b (�t; at; �t; �t). Accordingly, an additional element of

policy choice is the implications for reputation evolution, as explored in Lu et al. (2016) in a

setting where there was a mechanical alternative type of central banker that adopted a rule

�t = � (& t). While it is possible to calculate exact linear solutions for models with stochastic

in�ation and prospective regime change, the nonlinearity of Bayes�rule means that nonlinear

numerical methods must be used in settings with reputation evolution.

4.2. Policy design with incentive compatibility

The novel element of this study is that �t is chosen optimally by the alternative type

of central banker. This feature is captured in the recursive framework by including (16)

as the incentive compatibility constraint for the alternative type�s policy. Notice that this
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incentive compatibility constraint di¤ers from the original sequential rationality constraint

(9) by a probability transformation f�(�tj�t)
f(�tjat) . It is because the alternative type�s policy is

chosen prior to the realization of in�ation so the sequential rationality constraint takes into

account that the random in�ation outcome has mean equal to �t, whereas the recursive

program is conditional on the central banker being the committed type so that the random

in�ation outcome has mean equal to at.

4.2.1. Conditionally optimal expectation function

Including the incentive compatibility constraint (16) modi�es the �rst order condition of

et to

t = �ue;t � �e;t�t
f� (�tj�t)
f (�tjat)

(19)

where ue;t is the same as in (18) and �e;t = (h2=�) (xt � x�) is the derivative of the alternative

type�s momentary objective �t with respect to et. In other words, expectation management

needs to take into account the e¤ect of et on the optimal policy of the alternative type.

To see it more explicitly, we combine the �rst order condition with the requirement

that the beliefs of private sector are consistent (8) to determine a conditionally optimal

expectation function. For the sake of easier exposition, let us de�ne

cM �
�t+1; �t+1; & t

�
�

X
&t+1

� (& t+1; & t)

264 (1� q)
�
�t+1at+1 + (1� �t+1)�t+1

�
+q
��
(1� !) � + !�t+1

�
a0 +

�
1� (1� !) � � !�t+1

�
�0
�
375 :

so that the consistency of beliefs (8) may be written as:

et = �cM �
�t+1; �t+1; & t

�
: (20)

This representation (20) reveals that the private sector�s expectations rationally anticipate
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the next-period equilibrium policies as functions of the future state variables
�
�t+1; �t+1; & t+1

�
.

�t+1 is the private sector�s updated beliefs that the incumbent central banker is a committed

type, which is determined by (�t; at; �t; �t) according to the Bayes�rule. The pseudo-state

variable �t+1, according to (17), is proportional to t, which is in turn determined in (19)

by �t; et; & t; �t; at and �t. The next-period cost-push shock & t+1 evolves exogenously with

transitional probability depending solely on & t.

Hence, there is a conditionally optimal expectation function that is implicitly determined

by equations (19), (17), and (20). Our analytical and computational strategy is to �nd the

triplet
�
et; t; �t+1

�
that satis�es these three equations for each �t given (�t; at; �t; �t; & t).

From the perspective of managing expectation, given the state variables (�t; & t), the optimal

expectation function e (�t) conditional on the current policies (at; �t) varies with the choice of

�t. To emphasize that dependence, we write the conditionally optimal expectation function

as

e (�tj�t; at; �t; �t; & t) :

It turns out that the choice of �t is restricted by the second order condition of et in the

recursive problem (12):

�h1
�2
� h2
�2
�t
f� (�tj�t)
f (�tjat)

< 0, for 8�t

This condition translates to an admissible set for �t as follows:

�t 2 �(at; �t) where �(at; �t) �

8><>:
h
�
t
; 0
i
if �t < at;�

0; �t
�
if �t > at;

(21)

where �
t
and �t are functions of (at; �t).

11 Therefore, there is a bounded set of expectation

functions e (�tj�t; at; �t; �t; & t) from which the committed type may choose.

11�
t
= �t � �h1

h2
at��t

exp( 1
2�2

[(b�t�at)2�(b�t��t)2]) with b�t = �t + �2

at��t :
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4.2.2. Incentive compatible set of �t

The section above shows how the conditionally optimal expectation function depends on

the current policies (at; �t). Yet the sequential rationality constraint of the alternative type

(9) imposes the dependence of the optimal �t on the expectation function. Technically, the

multiplier �t on the sequential rationality constraint has to be adjusted until the constraint

is satis�ed, if a particular at; �t pair is to be incentive compatible. De�ne

I (�tjat; �t) �
Z
� (�t; e (�tj�t; at; �t) ; & t) f� (�tj�t) d�t (22)

as the left hand side of the constraint (9). We have the following result:

Lemma 1 I (�tjat; �t) is strictly increasing in �t.

The lemma implies that there is a unique �t to make I (�tjat; �t) = 0, or equivalently,

there is a unique expectation function that the committed type may use to make a particular

at; �t pair incentive compatible. Furthermore, as shown in the earlier section, the conditional

optimality of et constrains the choice of �t to an admissible set �(at; �t) as in (21). It is

possible that the unique �t that makes I (�tjat; �t) = 0 is outside the admissible set, in which

case the particular at; �t is not incentive compatible. We use such a criterion to identify the

set of incentive compatible �t given a particular committed policy at.

De�nition 2 Given (�t; & t) and at, the incentive compatible set of �t is de�ned as:

IC (at; �t; & t) �
n
�t : 9�̂ 2 �(at; �t) s.t. I

�
�̂jat; �t

�
= 0

o
:

4.2.3. Summary

To summarize, the �rst and second order conditions of et, the rational expectation con-

straint, and the sequential rationality constraint of the alternative type (the latter two are
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the �rst order conditions of t and �t, respectively) identify a set of �t that can be incentive

compatible given a particular at: Each incentive compatible �t with a given at is associ-

ated with one conditionally optimal expectation function e
�
�tj�̂ (at; �t) ; at; �t; �t; & t

�
where

�̂ (at; �t) belongs to the set �(at; �t) and makes I
�
�̂ (at; �t) jat; �t

�
= 0.

Intuitively, the value of �t summarizes how the incentive compatibility of �t a¤ects expec-

tation management. On one hand, having �t respond to the choice of expectation function

helps the committed type to better smooth shocks and manage reputation. Technically, �t

enters the term ��t(1� �t)�t in (14) that captures the e¤ect of past commitments, and the

state evolution equation (6) for the next-period reputation �t+1. On the other hand, the

choice of a particular expectation function constrains future in�ation policies given rational

expectations. It is captured by the e¤ect of �t on �t+1 through the �rst order condition of

et (19) and the state evolution equation for �t+1 (17).

After identifying the incentive compatible (IC) set conditional on a given (�t; & t), we then

use the e
�
�tj�̂ (at; �t)

�
and 

�
�tj�̂ (at; �t)

�
associated with each (at; �t) pair to evaluate the

committed type�s payo¤ as in the RHS of recursive program (12). Notice that evaluating the

committed type�s payo¤ is the only place where the state �t enters the program. De�ne the

state of the program by st � (�t; �t; & t). The (at; �t) pair that yields the highest payo¤ for the

state st determines the equilibrium in�ation policies a (st), � (st) as well as the expectation

function e (�t; st) and the multiplier function  (�t; st).

Note that in the above analysis and in the computational approach, we have avoided

utilizing the �rst order conditions of at and �t. We did so because, ex ante, we knew

little about the nature of the incentive compatible set over which the committed type can

optimize. The literature on contract design has taught us that the incentive compatible

set can be complicated, even sometimes invalidating the �rst order condition approach. We

thus adopted a strategy of (i) optimizing over (a; �) pairs in the IC set; and (ii) performing

various checks on our derivation of the IC set.
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5. Equilibrium Policies

In this section, we use a calibration model approach to study how the equilibrium dy-

namics evolves along the transitional path following a replacement of the central banker, and

how the equilibrium dynamics respond to the cost-push shock and the implementation error

(interpreted as the unexpected demand shock). The variables in interest in the equilibrium

dynamics are the in�ation policy, the output, the reputation and the expected in�ation.

The equilibrium dynamics is conditional on the underlying type of central banker that is in

place and his initial reputation. We are going to underline the importance of the incentive

compatibility of the alternative in�ation policy in producing these equilibrium dynamics as

it is at the center of this research.

Table 1 summarizes the parameter values in our benchmark calibration.

�; �1 Discount factor 0:995

q Replacement probability 0:03

h1; h2 Output weight 0:017

x� Output target 0:05

� PC output slope 0:17

�" Std of implementation error 0:5%

�� Std of cost-push innovation 0:5%

� Persistence of cost-push shock 0:9

�0 Initial reputation after replacement 1% + 0:5��1

Table 1

Most parameters in this calibration share the common values with the baseline calibration

in Lu et al. (2016) as it is a fairly standard one for NK models. The same time discount
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factor is assumed for both the committed central banker and the private sector. It implies a

steady-state interest rate of about 2% annually. The replacement probability q is set to 0.03

so that the average tenure of a central banker in our in�nite horizon model matches the 8

years �nite horizon in the model of Lu et al. (2016). fh; x�; �; �g imply an annual in�ation

bias equal to 2%, which is admittedly too small to match the in�ation experience of the US

and other countries. But since this paper focus on capturing some "stylized features" of the

U.S. in�ation experience rather than matching it quantitatively, this magnitude of in�ation

bias is su¢ cient and it facilitate exposition and comparison of the numerical results with the

ones in Lu et al. (2016) where the alternative type of the central banker is assumed to follow

a mechanical rule.

As in Lu et al. (2016), the parameters fh; x�; �g are chosen to be consistent with the

microfoundation of the central banker�s objective as a second-order expansion of the repre-

sentative consumer�s utility (Gali (2015)) and the estimated Phillips curve using a marginal

cost proxy (Gali and Gertler (1999)). The implied values of the structural parameters of the

underlying economy from fh; x�; �; �g are:12 the elasticity of marginal cost with respect to

the output (A = 2); the demand elasticity (� = 10); and the probability that a �rm is able

to reoptimize its nominal price each quarter (1� � = 0:25). Finally, we assume the imple-

mentation error follows a normal distribution with a standard deviation �" equivalent to 1%

annually (as opposed to 2% annually in Lu et al. (2016)). The empirically relevant range

of the implementation error�s standard deviation is [0:8%; 2%] as documented by Mishkin

and Schmidt-Hebbel (2007) and Roger and Stone (2005). In this exercise, we choose �"

near the lower bound of its empirical range to maximize the committed central banker�s

incentive to build reputation. The cost-push shock is modeled as a Markov chain: & t = & t�1

with probability � and & t = �t with probability 1 � �, where the innovation �t is uniformly

distributed over [�&; &] with the standard deviation ��. The parameter values are the same
12The details of the mappying between fh; x�; �; �g and fA; �; �g can be found in the appendix B of Lu

et al. (2016).
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as in Lu et al. (2016). Finally, after replacement, the newly appointed central banker has a

50% chance to be the same type as his predecessor and a 50% chance to be a committed type

with probability 2%. This initial condition is chosen to motivate investment in reputation.

5.1. Transitional dynamics

When an incumbent central banker is publicly replaced, the newcomer reoptimizes regard-

less of his type. This subsection presents transitional dynamics of the new regime without

any preexisting commitments, i.e., �0 = 0. We assume that the realized implementation

errors and cost-push shocks are zero in all periods to focus on the transitional dynamics

and leave the discussions of the responses to shocks to the next subsection. As a result, the

realized in�ation rates equal the equilibrium in�ation policies implemented by the central

banker in place. Since the private sector does not observe the realized shocks, they still need

to learn about the central banker�s type, but their belief of the central banker being the com-

mitted type will steadily grow if the central banker is the committed type and will steadily

decline otherwise. The contrasting transitional paths of the private sector�s belief, which is

a key state variable, lead to di¤erent transitional dynamics of other equilibrium variables

including the in�ation policies, the output, and the expected in�ation. Finally, since our

model is nonlinear, the value of the initial reputation �0 also matters for the transitional

dynamics.

5.1.1. New regime with a committed central banker

Figure 1 plots the entire path of the optimal committed in�ation policy (also the realized

in�ation rate) in the �rst 4 years after a committed central banker takes the o¢ ce, together

with the implied output and reputation. The transitional dynamics with 6 di¤erent levels of

initial reputation are plotted: 1(�*�), .75(��0), .5(���), .2(�r�), .1(�+�), 0(��). The in�ation

rate is plotted at its annualized level and the output is in percent deviation from its distorted
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steady state.

The cases with �0 = 1 and �0 = 0 are reference points corresponding to standard solution

under full commitment and discretion, respectively. The full commitment solution features

an initial interval of high but declining in�ation ("start-up in�ation") to temporarily sustain

positive levels of output gap, which is desirable because a zero output gap is ine¢ ciently low

(x� > 0). The discretionary solution is the well-known in�ation bias.

Turning to the cases with interior values of initial reputation �0, the most striking feature

is that �0 a¤ects the optimal committed policy in a highly non-linear fashion. In particular,

with high or moderate levels of initial reputation (�0 = :75; :5), the start-up in�ation is

exaggerated relative to the full commitment case in the sense of a higher initial in�ation and

more aggressive declines of in�ation over the �rst few periods, whereas with low levels of

initial reputation (�0 = :2, :1), the start-up in�ation is mitigated or even reversed. Conse-

quently, the deviation of output path from the full commitment case is small and controlled

when the initial reputation is high or moderate, but is signi�cant otherwise. The equilibrium

reputation grows much slower with an initially high or moderate level than it does with a

low initial level.

The key to understand the non-linear e¤ect of �0 is the endogenous response of the

alternative in�ation policy to the evolving state if the non-committed central banker is in

place. Figure 2 plots the path of private sector�s perceived alternative in�ation policy and

expected in�ation associated with the equilibrium dynamics in Figure 1. First notice that

the perceived alternative in�ation policies with positive levels of initial reputation are all

signi�cantly below the in�ation bias. With high levels of �0, the initial alternative policy

�0 is half of the in�ation bias, and with moderate or low levels of �0, �0 is three fourths

of the in�ation bias. This is because the private sector�s expected in�ation is anchored by

the low or even negative committed in�ation policy when they believe the central banker

is committed with positive probability. The lower the expected in�ation, the less tempting
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for the non-committed central banker to in�ate the economy. With growing reputation, the

perceived alternative policy quickly converges to half of the in�ation bias.

Taking into account the e¤ect of reputation on the alternative in�ation policy, the com-

mitted central banker manages expected in�ation to strike a balance between the low-

in�ation and high-output trade-o¤. To illustrate the trade-o¤, notice that the output is

proportional to a� e, which in turn can be approximated by

�0 (a� a0) + (1� �0) (a� �0)

where the superscript prime is used to indicate the next-period variable. There are two

channels that lead to a higher output: 1) a decline of committed policy; 2) a higher current-

period committed policy than the next-period alternative policy.

When the initial level of reputation is high or moderate, a decline of committed policy is

e¤ective in stimulating the output because �0 will also be high or moderate. The desirability

of the second channel depends on whether �0 can be low enough so that the level of a higher

than �0 does not cost too much welfare loss to the central banker. Recall that good reputation

leads to a low �0, hence the second channel is desirable when the initial reputation is high

or moderate. Combining the �rst and second channels, it requires a higher a and a larger

decline from a to a0 to achieve the same output gain when the initial reputation is less than

perfect but is good enough. Hence, the "start-up in�ation" is exaggerated from the full

commitment case.

When the initial level of reputation is low, the �rst channel will be ine¤ective and the

second channel will be undesirable unless future reputation grows to be much better than

the initial level. To grow reputation rapidly, it requires a large gap between a and �. With

� being relatively high due to low levels of initial reputation, it is more e¢ cient for the

committed type to grow reputation with a level of a much lower than �. As a result, the

start-up in�ation is mitigated or even reversed, causing signi�cant output loss in the �rst
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few periods after the replacement.

Across all cases with interior levels of initial reputation, the committed policy a gradually

returns to the nearly-zero long-term rate after it hits a negative level and a further decline

is no longer desirable. Along the returning path, the output gap is negative since a� a0 < 0

and a� �0 < 0:

5.1.2. New regime with a non-committed central banker

The section above shows how the committed central banker�s incentive to build rep-

utation varies nonlinearly with his initial reputation. In this section, we study how the

non-committed central banker spends his reputation along the transitional path after he

takes the o¢ ce.

Figure 3 plots the paths of the optimal alternative in�ation policy (also the realized

in�ation rate), together with the implied output and reputation, in the �rst 4 years of a

non-committed central banker�s tenure. We plot the transitional dynamics conditional on

the same 6 di¤erent levels of initial reputation as in Figure 1: 1(�*�),:75(��0), :5(���), :2(�r�),

:1(�+�), 0(��).

The case with �0 = 0 again corresponds to the solution under full discretion with the

optimal alternative policy equal to the in�ation bias. The case with �0 = 1 is not consistent

with the private sector�s rational expectation but it serves as a limiting case where the

reputation of the non-committed type is arbitrarily close to one. The optimal alternative

policy in this case is around half of the in�ation bias, thanks to a low expected in�ation

anchored by the perceived committed policy shown in Figure 4.

With interior levels of initial reputation, the transitional dynamics exhibits similar pat-

terns across �0. There is an initial interval of relatively low in�ation at or below 3/4 of the

in�ation bias (1.5%), which is followed by a run-up of in�ation towards the in�ation bias.

The higher the initial reputation is, the longer does the in�ation stay low. When �0 = :75,
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the period of low in�ation lasts for three years. The initial interval of low in�ation is asso-

ciated with output boom whereas the run-up of in�ation is associated with negative output

gaps. The equilibrium reputation is, as expected, decreasing along the transitional path in

all cases, yet the speed of decreasing is particularly slow if the initial reputation is good

(�0 = :75). It takes almost 4 years for the private sector to �gure out the incumbent central

banker is the non-committed type.

To understand this general pattern and especially why learning is so slow in the case

of �0 = :75, we plot in Figure 4 the private sector�s perceived committed policy (it is also

the announced policy) and expected in�ation associated with the equilibrium dynamics in

Figure 3. The perceived committed policy starts at the same level as in Figure 1 and is

followed by an interval of increasingly aggressive disin�ation policy. After the reputation

declines to nearly zero, the perceived committed policy soars back to the in�ation bias.

Notice that although the implied expected in�ation is rising along the transitional path,

its level is held lower than the realized in�ation thanks to the interval of perceived disin�ation

policy. Believing that the incumbent central banker is likely to be the committed type leads

the private sector to assign positive probability that the next-period in�ation will be very low

or negative. Even if there is observed discrepancy between the announced disin�ation policy

and the realized high rate in the current period, the private sector is willing to attribute the

discrepancy more to the unexpected implementation error. When the discrepancy persists,

the likelihood that it is caused by an i.i.d. error reduces and therefore the incumbent central

banker�s reputation declines. Recall from last section that when the reputation gets lower,

the incentive for the committed central banker to grow reputation, if he were in place, starts

to dominate his concern for output and therefore the optimal committed policy becomes

lower or more negative. The larger discrepancy between the perceived committed policy and

the realized in�ation rate helps the private sector to learn faster and in turn the reputation

declines faster. Lower levels of reputation makes it harder for the non-committed central
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banker to stimulate output so that the output gap also declines with the reputation. When

the reputation becomes too poor, the committed central banker, if it were in place, would

give up on growing it and hence implement a policy rate that is close to the in�ation bias.

When it is the case, the expected in�ation jumps up to be above the realized in�ation rate,

leading to negative output gaps.

The particularly slow learning process in the case of �0 = :75 is due to the prolonged

interval of moderate disin�ation policy that would be implemented by the committed central

banker if he were in place. With good enough initial reputation, as explained in the last sub-

section, the committed central banker does not have strong incentive to implement a policy

rate much lower than the alternative policy. As a result, having an in�ation rate equal to

the alternative policy does not cause much reduction in the central banker�s reputation, and

the committed central banker, if he were in place, would continue the moderate disin�ation.

So on and so forth until the central banker�s reputation becomes low enough to incentivize

the committed type to rapidly build reputation with more aggressive disin�ation policies.

The equilibrium dynamics in the case of �0 = :75, together with the perceived committed

policy and the expected in�ation, qualitatively replicates the in�ation experience of the U.S.

in 1960s and 1970s. In particular, the realized in�ation started at a low level and increased

continuously, which led to an economy boom in 1960s. The later stage of the in�ation run-up

was coupled by rounds of disin�ation announcements made by the Federal Reserve bank,

none of which were implemented. Eventually, the private sector�s expected in�ation soared

and the economy ended with stag�ation.

5.2. Dynamic response to shocks

In this subsection, we study the equilibrium response to two shocks in our model: the

cost-push shock and the implementation error. The former is a supply shock whereas the

latter can be interpreted as the demand shock as it moves the output and the in�ation in the
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same direction. The two shocks also di¤er in their timing. The cost push shock is realized

before the central banker takes policy action so there can be initial policy response to it.

The demand shock is realized after the policy action so that all the policy response needs to

come from expectation management.

Similar to the transitional dynamics, the equilibrium response to shocks is conditional

on the type of central banker in place and his initial level of reputation. We assume that the

realized implementation errors and cost-push shocks are zero in all periods except that in

the initial period of the new regime, we let either the cost push shock or the demand shock

takes place with a realized magnitude of one percent annually (0.25% quarterly). Recall that

the cost-push shock has persistence :9 and the demand shock is transitory.

5.2.1. With a committed central banker

Figure 5 plots the impulse response (i.e. deviations from the transitional dynamics) to a

positive persistent cost-push shock, conditional on the 6 di¤erent levels of initial reputation.

In the full discretion solution (�0 = 0), the in�ation path simply re�ects the persistence of

the shock because the central banker has to split the shock�s impact on in�ation rate and

output taking as given the expected in�ation. In the full commitment solution (�0 = 1), by

contrast, the central banker responds to the shock with active expectation management. The

in�ation response takes the form of "�exible price-level targeting", namely the response is

�rst positive and then negative, resulting in zero long-term e¤ect of the cost-push shock on

the price level. The active expectation management not only mitigates the initial in�ation

response to the shock, it also has output drop less on impact before it returns gradually to

the normal level.

The in�ation response with high or moderate levels of initial reputation (�0 = :75; :5) is

an exaggerated version of the full commitment solution in the sense that the initial in�ation

response is more accommodative but the following reduction in in�ation is more aggressive.
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As a result, the initial negative impact of the cost-push shock on output is similar to the

full commitment case despite that the initial reputation is less than perfect. The output-

driven policy response echoes the central banker�s strong incentive to stimulate output in

the transitional dynamics when he starts with high or moderate levels of initial reputation.

Similarly, when the output is the main concern, the reputation is the by-product of the

in�ation response. In this case, there is signi�cant reputation gain from the aggressive

decline of in�ation following the initial accommodation.

When the central banker starts with low levels of initial reputation (�0 = :2, :1), in-

terestingly, the initial policy response turns out to be even more accommodating than the

full discretion solution. Moreover, it is followed by aggressive disin�ation until the in�ation

reaches the similar level as the full commitment solution. Such a path of in�ation greatly

mitigates the negative e¤ect of the cost-push shock on output. The initial output loss in

both cases of �0 is smaller than the full commitment case. In the case of �0 = :2, the entire

path of output lies above the full commitment case. The mitigated output loss does not

come with no cost. The reputation in both cases of �0 exhibits downward deviation from its

transitional path, indicating a slower learning by the private sector. Recall that, in absence

of shocks, the committed central banker with low levels of initial reputation incurs signi�cant

output loss in order to grow reputation rapidly. When the cost-push shock occurs, a further

drop of output becomes increasingly undesirable for the committed central banker. Hence,

his policy response is to mitigate further output loss with a slower growth of reputation.

Figure 6 plots the impulse response to a positive transitory demand shock with the

same 6 di¤erent levels of initial reputation. A demand shock is unexpected so there cannot

be any contemporaneous policy response. A positive demand shock, given the expected

in�ation, stimulates output. To smooth the e¤ect on output over time, the only channel

is through managing expected in�ation, namely by promising a higher-than-avearge but

declining in�ation. The cases with �0 = 1 and �0 = 0 illustrate the two extreme cases in
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terms of the central banker�s leverage over expected in�ation. In the full discretion solution

(�0 = 0), there is no in�ation response or output smoothing since the central banker has

no leverage over expected in�ation. In the full commitment solution (�0 = 1), the optimal

policy mitigates the initial impact of the shock on output and makes the e¤ects of the

transitory shock persist, generating an interval of output boom similar to the e¤ect of "start-

up in�ation".

Now we turn to the cases with interior levels of initial reputation. First, the initial impact

of demand shock on the reputation is pre-determined. With high or moderate levels of initial

reputation (�0 = :75, :5), the impact is positive because in the transitional dynamics, the

committed in�ation policy is higher than the perceived alternative one in the initial period.

Hence, a positive surprise in realized in�ation speeds up the private sector�s learning. With

low levels of initial reputation (�0 = :2, :1), the demand shock�s impact on reputation is

signi�cantly negative because in the transitional dynamics, the committed central banker

rapidly builds his reputation with a policy much lower than the perceived alternative one.

Second, taking into account the initial impact of demand shock on the reputation �1, the

policy response replicates the nonlinear e¤ect of reputation on committed policy in the

transitional dynamics. In particular, with high or moderate levels of reputation �1, the

committed central banker mainly concerns about output. As a result, his policy response

is an exaggerated version of the full commitment solution with a higher period-1 in�ation

followed by more aggressive declines of in�ation, to make up for his less-than-perfect control

over expected in�ation. The implied output path largely replicates the full commitment

case. With low levels of reputation �1, the committed central banker mainly concerns the

reputation growth so his policy response is to make up for the reputation loss caused by the

demand shock. Consequently, there is a prolonged interval of downward deviation of output

from its transitional dynamics.
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5.2.2. With a non-committed central banker

When the central banker is the non-committed type, the equilibrium policy responses to

shocks are more passive than they are with a committed central banker. This is because the

non-committed central banker does not have strategic power over reputation evolution so the

optimal alternative policy is determined by the perceived committed policy response to the

shock and its implied reputation change from the transitional path. With interior levels of

initial reputation, the �rst order e¤ect of the shock is through the implied reputation change.

This is because the transitional dynamics shares the same pattern across various levels of

initial reputation and di¤ers only in how fast the reputation depletion triggers the run-up of

in�ation by the non-committed central banker and in turn the length of the output boom.

Any change in reputation due to the shock is going to delay or speed up the reputation

depletion and therefore a¤ect the global dynamics of equilibrium variables. To illustrate

this global e¤ect of shock, we plot the equilibrium dynamics with the shock rather than its

deviation from the transitional dynamics.

Figure 7 plots the equilibrium dynamics with a positive persistent cost-push shock taking

place in the initial period. The case with �0 = 0 is the same as in Figure 5, where the

in�ation response simply re�ects the persistence of the shock. Interestingly, the case with

�0 = 1 shares the same pattern with the full discretion solution except that the magnitude of

in�ation response is smaller, thanks to the anchoring e¤ect of the perceived committed policy

(as in Figure 5) on the expected in�ation. With high and moderate levels of initial reputation

(�0 = :75, :5), the private sector�s learning is faster because the perceived policy response

by the committed central banker (similar to that in Figure 5) should be a large decline of

in�ation after the initial accommodation of the shock, whereas the realized in�ation only

responds with a moderate decline because the non-committed central banker does not honor

the promised large decline of in�ation. With low levels of initial reputation (�0 = :2, :1), the

private learning is slower because the perceived committed policy is very accommodating to
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the shock on impact. By contrast, the alternative policy needs not to be very accommodating

since there is an output boom in absence of the shock. Recall that in transitional dynamics,

the committed policy is much lower than the alternative policy so accommodating the cost-

push shock makes the two policies closer and thus the realized in�ation less revealing about

the central banker�s type.

Turning to the positive transitory demand shock that takes place in the initial period,

Figure 8 plots the equilibrium dynamics. Notice that in the cases with �0 = 1 and �0 =

0, there is no response of the equilibrium in�ation policy to the shock because the non-

committed central banker does not have strategic power over the expected in�ation. When

the initial reputation takes interior values, the demand shock�s initial impact on reputation

is the same as in Figure 6. With high or moderate levels of initial reputation (�0 = :75,

:5), the impact is positive. With low levels of initial reputation (�0 = :2, :1), the impact

is negative. The initial positive impact on reputation prolongs the interval of low in�ation

policy and hence slows down the private sector�s learning along the entire transitional path.

The initial negative impact on reputation speeds up the convergence of in�ation policy to

the in�ation bias and in turn makes the private sector�s learning faster along the transitional

path.

6. Conclusions and Final Remarks

In this paper, we study optimal monetary policy in setting where the private sector is

forwarding-looking and learning about the type of central bank in place. The central bank

can be either a patient and committed type, or an impatient type that cannot commit.

Being able to commit or not, the central bank in place chooses in�ation policies optimally,

taking into account the learning and rational expectation of the private sector. To solve the

model, we adopt a mechanism design approach so that the equilibrium of the model can

be obtained as the solution to a recursive optimization problem of the committed central
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bank. In particular, we view the committed type as choosing its action and the action of the

non-committed type subject to an incentive compatibility constraint. The relevant incentive

compatibility constraint is an unusual one because it involves the beliefs of a third party,

i.e., the private sector.

The numerical solution to a calibrated model reveals two sets of results that capture

various aspects of the historical behavior of monetary policy, in�ation and real activity. If

the central bank in place is the non-committed type yet the private sector attaches a high

likelihood to there being a committed type in place, there will be lengthy intervals of high

real activity with gradually rising actual and expected in�ation. As the history of positive

in�ation surprises leads to a decline in the likelihood that a committed type is in place, the

non-committed central bank will optimally choose to experience a rapidly rising in�ation

accompanied by declining real activity (stag�ation). Ultimately, its type will be revealed

and it will simply experience high and volatile in�ation with little e¤ect on real activity. If

the central bank in place is the committed type, its optimal monetary policy will be similar

to the standard solution under full commitment, conditional on the private sector attaching

a high likelihood to there being a committed type in place. In this case, there will be

"great moderation" with declining in�ation and stable real activity. But if the private sector

attaches a low likelihood to there being a committed type in place, the committed type will

optimally adopt anti-in�ation policies with real costs to build its reputation rapidly. The

response of in�ation to the energy price shock will also be time-varying (in particular, the

response becomes smaller) over the duration of the regime as the private sector gradually

learns that it is the committed type in place.

In the current paper, we assume that the central bank can directly control in�ation (up

to an implementation error). Although it is a simplifying modelling choice, we can work out

implications for interest rates that come directly out of this setup. For example, introducing

an IS curve and the Fisher equation would allow us to determine the short-term nominal
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interest rate from the output and the in�ation target; and the private sector�s learning

would allow us to determine the long-term nominal interest rate as it is dominated by long-

term expectations of in�ation. Deriving the relations between the short-term and long-term

interest rates can be a valuable future extension of the current work.

Another strong assumption in our current model is that the non-committed policy au-

thority is myopic. To allow for a patient non-committed type, one needs to modify the

recursive optimization of the committed type to incorporate the promised value for the non-

committed type in the incentive compatibility constraint. This will signi�cantly complicate

the computation. We leave this extension to future work.
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Figure 1: Transitional dynamics: new regime with committed central banker. Each path is plotted based on
one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���), .2(�r�), .1(�+�), 0(��). Committed policy
action is annualized mean in�ation rate. Output gap is in percent deviation from its distorted steady state.
Reputation is the private sector�s belief that the current central banker is the committed type.
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Figure 2: Transitional dynamics: new regime with committed central banker. Each path is plotted based on
one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���), .2(�r�), .1(�+�), 0(��). Perceived alternative
policy action is the annualized mean in�ation rate if the current central banker were the alternative type.
Expected in�ation is the private sector�s expected next-period in�ation in annualized rate.
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Figure 3: Transitional dynamics: new regime with non-committed central banker. Each path is plotted based
on one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���), .2(�r�), .1(�+�), 0(��). Alternative
policy action is annualized mean in�ation rate. Output gap is in percent deviation from its distorted steady
state. Reputation is the private sector�s belief that the current central banker is the committed type.
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Figure 4: Transitional dynamics: new regime with non-committed central banker. Each path is plotted
based on one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���), .2(�r�), .1(�+�), 0(��). Perceived
committed policy action is the annualized mean in�ation rate if the current central banker were the committed
type. Expected in�ation is the private sector�s expected next-period in�ation in annualized rate.
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Figure 5: Impulse response with a committed central banker to a persistent (0.9) cost-push shock (one
percent annually) All variables are plotted as deviations from the transitional dynamics. Each path is
plotted based on one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���), .2(�r�), .1(�+�), 0(��).
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Figure 6: Impulse response with a committed central banker to a one-time demand shock (one percent
annually) All variables are plotted as deviations from the transitional dynamics. Each path is plotted based
on one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���), .2(�r�), .1(�+�), 0(��).
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Figure 7: Equilibrium dynamics with a non-committed central banker in the presence of a persistent (0.9)
cost-push shock (one percent annually) in period 0. The shaded path is the transitional dynamics without
the shock. Each path is plotted based on one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���),
.2(�r�), .1(�+�), 0(��).
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Figure 8: Equilibrium dynamics with a non-committed central banker in the presence of a one-time demand
shock (one percent annually) in period 0. The shaded path is the transitional dynamics without the shock.
Each path is plotted based on one of the six levels of initial reputation: 1(�*�), .75(��0), .5(���), .2(�r�),
.1(�+�), 0(��).
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