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Abstract

This paper measures the welfare gains of switching from inflation-targeting to price-level

targeting under imperfect credibility. Vestin (2006) shows that when the monetary authority

cannot commit to future policy, price-level targeting yields higher welfare than inflation targeting.

We revisit this issue by introducing imperfect credibility, which is modeled as gradual adjustment

of the private sector’s beliefs about the policy change. We find that gains from switching to price-

level targeting, if any, are small.

JEL classification: E31, E52
Bank classification: Credibility; Monetary policy framework

Résumé

Les auteurs mesurent les gains de bien-être attendus de l’abandon d’une cible d’inflation au profit

d’une cible fondée sur le niveau des prix en contexte de crédibilité imparfaite. Selon Vestin

(2006), la poursuite d’une cible de niveau des prix permet d’améliorer le bien-être lorsque

l’autorité monétaire ne peut s’engager au sujet de sa politique future. Les auteurs réexaminent la

question en posant l’hypothèse d’une crédibilité imparfaite, modélisée sous la forme d’une

adaptation progressive des croyances du secteur privé à l’adoption d’une cible de niveau des prix.

Si gains il y a, concluent-ils, ceux-ci sont modestes.

Classification JEL : E31; E52
Classification de la Banque : Crédibilité; Cadre de la politique monétaire



1. Introduction

Price stability, normally de�ned as low and stable in�ation, is the primary stated goal

of monetary policy for many central banks around the world. In�ation targeting has become a

successful way of implementing that goal in a number of countries, such as Canada, Sweden,

New Zealand, and the United Kingdom. Under in�ation targeting (IT), the central bank

is trying to stabilize the in�ation rate around some target value. Such policy implies that

the price level can drift arbitrarily far away from any predetermined time trend. Recently,

price-level targeting (PT) - a policy that stabilizes the price level around a deterministic

trend - has been considered as an alternative approach to achieving price stability. While

price-level targeting may potentially deliver better outcomes in the long-run1, the transition

from in�ation to price-level targeting could destabilize in�ation expectations. This is founded

on the notion that people may doubt the central bank�s willingness to consistently follow the

new price-level targeting policy regardless of the shocks that hit the economy. As a result, it

may take some time for private agents to adjust their in�ation expectations in the aftermath

of the policy change. In this paper, we quantify the welfare gains of switching from IT to PT,

taking as given a sluggish adjustment of in�ation expectations during the transition period.

Following Kydland and Prescott (1977), Clarida et al.(1999) show that in the absence

of commitment technology monetary policy leads to ine¢ cient outcomes. Speci�cally, a

discretionary central bank is unable to commit to the optimal path of future in�ation, which

e¤ectively makes expected future in�ation independent of its current policy. The lack of

control over expected future in�ation forces the central bank to meet all of its current-period

1See Duguay (1994), Svensson (1999) and Coulombe (1998) for discussions of desiribility of price-level
targeting.



objectives by manipulating the interest rate. As a result, the economy experiences a larger

amount of policy-induced volatility than would be the case if commitment were possible.

Clarida et al.(1999) point out that the central bank that lacks commitment will sta-

bilize the in�ation rate at a constant target. We refer to such policy regime as in�ation

targeting (IT). Vestin (2006) argues that it is possible to improve upon this no-commitment

outcome by modifying the central bank�s policy objective.2 He demonstrates that a mod-

i�cation of the central bank�s objective function, by including a term for the variation in

the price level (possibly around a trend), leads to stabilization of the price level and higher

social welfare. In some cases it is possible to replicate the �rst-best, commitment outcome.

We refer to this policy regime, with modi�ed loss function, as price-level targeting (PT).

Price-level targeting improves the current policy trade-o¤ between in�ation variability and

output variability through the expectation channel. When a shock pushes the current price

level above the target, future in�ation is expected to be lower than usual in order to revert

the price level back to the target. This in turn counteracts the current in�ation increase, due

to the standard New Keynesian Phillips Curve relationship. In e¤ect, price-level targeting

creates an automatic stabilizer working via the expectation channel.

In this paper, we model a one-time policy switch from in�ation targeting to price-level

targeting, allowing for imperfect credibility of the new policy regime. Here, imperfect credi-

bility is the economic agent�s belief that the monetary policy might revert back to in�ation

targeting in the subsequent period. The degree of imperfect credibility of PT regime is mod-

2It is common in the literature on discretionary policy to assume an exogenous loss function that is
delegated to the monetary authority as the objective of its decision problem. This creates an insconsistency
in the sense that the monetary authority cannot commit to the �rst-best policy, but can commit to follow the
policy induced by some loss function. We follow the literature, realizing this problem. See Svensson (1999)
for a discussion of this point.
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eled as the probability that private agents assign to a permanent switch of the policy regime

back to IT, taking place in the following period.

We �rst show that, with immediate full credibility of PT (i.e. when private beliefs

adjust immediately), there are net welfare gains arising from the policy regime change. This

is consistent with Vestin�s insight. Next, we establish that policy credibility plays a key role

in this result. Imperfect credibility weakens the e¤ectiveness of the feedback channel under

PT. Intuitively, if private agents assign positive probability to a policy reversal, from PT

back to IT then, with the same probability, future in�ation is independent of the current

price level. In the extreme case, if agents believe that PT is abandoned with certainty in the

next period, then the expected future in�ation will be completely independent of the current

price level. Furthermore, with a weakened feedback channel, the central bank will be overly

aggressive in its attempt to stabilize the price level. Consequently, as imperfect credibility

becomes more prolonged, the welfare gains become smaller before turning into net welfare

losses. For the benchmark calibration, we �nd that if agents�beliefs about the initial policy

change take two or more quarters to adjust, the regime change leads to net welfare losses.

This �nding is robust to alternative parameter values and alternative assumptions

about the path of private beliefs. Furthermore, we �nd that even under perfect credibility,

the net bene�ts of the policy switch are very small. For the benchmark calibration, the

welfare improvement of PT over IT is equivalent to a permanent reduction in the standard

deviation of quarterly in�ation by about 0.05 percentage points. So the expectation channel

of monetary policy, which received so much attention in the recent literature on in�ation and

price-level targeting under discretion, likely does not matter quantitatively.3

3Another noted potential bene�t of price-level targeting is that it decreases the probability of a liquidity
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The paper is organized as follows: Section 2 introduces the model, Section 3 outlines

the solution procedure relegating all the details to the appendices, Section 4 discusses the

calibration, results and sensitivity analysis, and �nally, Section 5 concludes.

2. Model with imperfect credibility
A. Environment

For our analysis we employ a version of Clarida, Gali, Gertler (1999) model. It is

representative of a wide class of general equilibrium models with temporary nominal rigidi-

ties. The model generates simple monetary policy rules that are robust across a variety of

macroeconomic models. It has been widely used for monetary policy analysis, particularly

in recent literature on in�ation and price-level targeting. This subsection recaps the main

elements of the model.

There are four types of agents in the economy: in�nitely lived households, �nal good

producers, intermediate good producers, and a central bank.

The representative household maximizes lifetime expected utility subject to a bud-

get constraint. The (log-linearized) �rst-order conditions of the household�s maximization

problem give rise to the following Euler equation:

xt = �
 [it � Et�t+1] + Etxt+1 + gt: (1)

In (1) xt is the output gap, de�ned as the log deviation of actual output from the potential

(�exible-price) output, it denotes the nominal interest rate, �t+1 is the period t + 1 log

trap. Adam and Billi (2007) �nd that the welfare di¤erence between an unrestricted in�ation targeting policy
(i.e. optimal monetary policy under discretion) and the one that avoids the zero bound on nominal interest
rate, is around 0.0075 percent of consumption. Hence, including a zero bound on nominal interest rates is
unlikely to a¤ect our results.
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deviation of the in�ation rate from its average level �, gt is a shock to the real interest rate,

and Et represents the expected value conditional on the household�s information through

period t.

A competitive �nal good producer aggregates a variety of intermediate goods into

the �nal good. A monopolistically competitive intermediate good producer faces a dynamic

problem in which they set output prices to maximize the expected stream of future dividends

subject to the demand conditions and Calvo-type timing restriction on price adjustments.

The log-linearized �rst-order conditions lead to the standard New-Keynesian Phillips Curve

relation:

�t = �Et [�t+1] + �xt + ut; (2)

where � is the discount factor of the households, and ut = �ut�1 + "t is a cost-push shock

with normally distributed innovations, "t � N (0; �2). The cost-push shock can be interpreted

as a time varying wedge between real wages and the marginal rate of substitution between

consumption and labor.

Given constraints (1) and (2), the central bank sets the nominal interest rate it to

minimize a loss function re�ecting the policy regime in place. Following Vestin (2006), we

de�ne in�ation targeting as the optimal monetary policy under discretion, with the central

bank�s period loss function speci�ed as :

L0t �
1

2

�
�2t + �

ITx2t
�
; (3)

and �IT is the weight on the output gap. Similarly, price-level targeting is the optimal
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monetary policy under discretion with the central bank�s period loss function given by

L1t �
1

2

�
p2t + �

PTx2t
�
; (4)

where pt is the period t log-deviation of the price level from a deterministic trend (i.e. price-

level target), and �PT is the corresponding weight on the output gap. Output weights �IT

and �PT are chosen to maximize social welfare

�1
2
E

1X
t=0

�t
�
�2t + �x

2
t

�
: (5)

Benigno and Woodford (2004) showed that under standard assumptions about util-

ity and monetary transactions technology, equation (5) is a quadratic approximation of a

representative household�s life-time utility function, and the weight � depends on structural

parameters of that function.4 Note that, if the benevolent central bank could commit to

its future policy, then it would be able to maximize its natural objective - the social loss

function (5). Without commitment, the central bank acts under discretion and optimizes

current-period objectives (3) or (4), taking the private expectations of the future variables as

being beyond its control.5

In this paper, we focus on a policy switch from IT to PT under imperfect credibility.

For simplicity, prior to period 0 the central bank follows an IT policy. In period 0 the central

4In all our numeric simulations the di¤erence in results between the optimal weight on output under
in�ation targeting, �IT ; and the output weight � in the social welfare function (5) was negligible. So, to save
on notation, and to make our analysis comparable to Vestin (2006), we follow his assumption that �IT = �.
Appendix A contains the proof of existence of �PT .

5Although the model does not have an in�ation bias as in Kydland and Prescott (1977) there is still a
time inconsistency problem in this environment, that leads to suboptimality of discretionary policies. See
Clarida et al. (1999) for details.
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bank announces a policy regime change from IT to PT that will take e¤ect in period 1.

Starting from period t = 1, the central bank�s objective changes from (3) to (4).6 We assume

that the credibility of the new regime is imperfect. In periods t = 0; 1; 2; 3; ::: private agents

assign some probability weight, (1 � �t) 2 [0; 1]; to the possibility of a permanent policy

switch back to IT, e¤ective in the following period, t+1: Figure 1 shows the timing of events.

Let st = (pt�1; gt; ut; � t�1; �t) represent the state of the economy at the beginning of

period t; where � t�1 is the indicator of the period t-policy regime and takes a value of 0 under

IT and 1 under PT (that is, � t�1 = 0 if central bank minimizes L0t and � t�1 = 1 if central

bank minimizes L1t in period t).
7 At the beginning of period t all agents are aware of the

current state st. Then private agents form expectations of the next period�s in�ation

Et�t+1 = �tE [�t+1jst; � t = 1] + (1� �t)Et [�t+1jst; � t = 0] (6)

and next period�s output gap

Etxt+1 = �tE [xt+1jst; � t = 1] + (1� �t)E [xt+1jst; � t = 0] : (7)

E [�t+1jst; � t = 1] refers to the expected in�ation in period t + 1, conditional on the policy

regime in period t+1 being PT, and E [�t+1jst; � t = 0] is the expected period t+1 in�ation,

6In this paper we abstract from possible welfare implications of a change in the trend (steady-state)
in�ation �: So, the policy experiment we are considering is a change from IT to PT with the trend in�ation
rate being unchanged. As Ascari (2004) points out, the value of the trend in�ation may matter for a Calvo-
type price adjustment model without full indexation of prices. We bypass this problem by assuming that
either the trend in�ation rate is zero, or there is full indexation of prices to trend in�ation. We do that with
a view that the model we use applies more broadly than just to Calvo-type model.

7Note that � t�1 is the indicator of the policy regime in the period, t: One could equivalently think that
private agents learn the current policy regime from the response of the central bank to current shocks, but
this raises an issue of simultaneous formation of expectations, policies and current endogeneous variables.
The timing assumption does not in any way a¤ects our results and is made for expositional convenience.
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conditional on the policy regime in period t + 1 being IT. After that, the central bank sets

the current interest rate it to minimize its loss function (3) or (4) subject to constraints (1)

and (2). Finally, at the end of period t; private agents observe the policy regime that will be

in place at the beginning of the next period, � t:

B. Evolution of credibility

There are various problems with specifying a concrete sequence of credibility parame-

ters, f�tg
1
t=0. Most of them are rooted in the fact that the policy experiment we consider

in this paper, namely the move from IT to PT, is purely hypothetical. Various dynamics

are plausible, one of them being that the central bank sticks to the new policy regime, and

�t converges stochastically and (in some sense) monotonically to one. Furthermore, there

is an issue of whether the bank and the private agents observe current (and past) values of

�t; and how easy it is to predict the future values of �t+j: There is of course always a way

to impose some additional structure on the model, which endogenizes the law of motion of

�t. In our view, that route has the disadvantage of making credibility dynamics rigid, and

model speci�c. We take a pragmatic standpoint instead, and assume a very �exible set of

deterministic laws of motion, in which it is easy to change the speed of convergence of the

credibility parameter to unity.8

We consider two scenarios of the response of credibility to a policy change. In both

scenarios, at the time of the policy announcement all agents believe that the change will

be reversed in the next period, that is, the degree of credibility at time 0 is �0 = 0.9 In

8This simplifying assumption is not uncommon in the literature on the e¤ects of monetary policy change,
see for example, Almeida and Bonomo (2002). Erceg and Levin (2003), on the other hand, consider a switch
to a lower in�ation target in the economy, in which credibility evolves endogenously due to agents�ability to
�lter information about the unobserved in�ation target.

9This assumption is made for convenience and does not a¤ect our results in any substantial way. If instead
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subsequent periods credibility increases with time in a deterministic fashion converging to

full credibility, �t = 1, asymptotically, or in a �nite number of periods. Our two scenarios

di¤er in the smoothness of the speed of convergence.10

In the �rst scenario, the adjustment of credibility is gradual. Here we assume a simple

geometric law of motion for �t :

Scenario 1 �t+1 = �t + � (1� �t) ;

where �0 = 0: The speed of adjustment for this process is determined by parameter � 2 [0; 1] :

In the second scenario, the adjustment is a jump. Under this scenario we assume that

�t jumps discontinuously from zero to one in period T � 1 :

Scenario 2 �t =

8>>><>>>:
0; if t < T

1; if t � T:
The speed of adjustment is governed by the time of the jump, T .

The �rst scenario may be thought of as an approximation to various gradual patterns

of adjustment (stochastic or deterministic), while the second scenario is an approximation to

an S-shaped pattern of adjustment11. As we show below, both scenarios yield very similar

results, so we feel con�dent that for a wide range of (monotonic) laws of motion the welfare

implications of imperfect credibility will be similar to those that we �nd.

we allowed for �0 > 0 then there would be a small "announcement" e¤ect of the future policy regime on the
period 0 in�ation and output gap. Note that period 1 is the �rst period under PT.
10We have experimented with other deterministic, as well as random convirgence scenarios. Our main

qualitative result is not a¤ected: for a wide range of parameter values, a small amount of imperfect credibility
renders a policy change from IT to PT a welfare reducing event.
11For a wide range of technological innovations the pattern of adoption followed an S type pattern, see for

example Rogers, Di¤usion of Innovations, 5ed 1995. So, if one thinks of policy change as an innovation, it
might be reasonable to expect a similar pattern.
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C. Discussion of the model

The model utilized in this paper, while being standard, still raises a set of issues, which

we formulate as three questions. Answering these questions below allows us to understand the

foundations of the model more clearly as well as relate this paper to the existing literature.

What parameter values should we consider?

Woodford (2003) and Beningno and Woodford (2004) have shown that all of the para-

meters in the constraints (1),(2) and the social loss function (5) can be derived and calibrated

from deep parameters of an underlying model. Thus, as a benchmark, we pick the parame-

ters calibrated by Woodford (2003)12. This, however, has the drawback of making our results

model-speci�c. To address this concern we conduct an extensive sensitivity analysis with

regards to parameters that show up as being important for the welfare results, or for which

there is much uncertainty. These parameters are: the weight placed on the output gap, �; in

the social loss function; the elasticity of in�ation with respect to changes in the output gap,

�; and the persistence of the cost-push shocks, �.

Are the constraints on the monetary policy implied by the equations (1) and (2), in-

variant under monetary policy change and imperfect credibility?

It is easy to show that, in a sticky price model with Calvo or Taylor type staggered

contracts, the log-linearized versions of the Euler equation (1) and the pricing optimality

condition (2) are invariant to the policy change and to imperfect credibility. The only thing

that changes is that the expectation operators are now broken into two parts, as in (6) and

(7). This is a consequence of the certainty equivalence implied by the log-linearization. The

12The same set of parameters was used in other recent studies of monetary policy, such as Adam and Billi
(2007) and Schaumburg and Tambalotti (2007).
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di¤erences in the policies and the patterns of credibility may a¤ect welfare through the second

and higher order e¤ects of uncertainty on the �rst moments of endogenous variables. This

may a¤ect the welfare rankings and is taken up next.

How reliable are the welfare rankings obtained with the social loss function (5)?

Beningno and Woodford (2004) and Debortoli and Nunes (2006) have shown that one

can readily approximate welfare in a sticky price model with a second-order approximation

that takes the form of (5). This is despite tax or monopoly power distortions, and more

importantly, independently of policies, as long as those policies do not imply large deviations

from the non-stochastic steady state around which the approximation is taken. The steady

state is the constrained optimal steady state, which has all the tax and monopoly distortions

incorporated, but assumes full commitment and a timeless perspective.13 In this paper we

restrict the attention to IT and PT policy rules, which in the absence of shocks, have the

same steady state as the constrained optimal ones.14 Also, as it will become clear from our

parametrization, the magnitudes of shocks we consider are small. As a result, the welfare

rankings of alternative policies, implied by (5), are second-order accurate.

3. Solving the model

As in Clarida, Gali, Gertler (1999) we can split the problem of the central bank into

two parts. First, the central bank chooses the values of the current output gap, xt; and

the current in�ation, �t, that satisfy the Phillips curve constraint (2). Second, it sets the

interest rate, it; to satisfy the constraint (1) with the chosen value of the output gap, xt.

This dissection of the problem allows us to ignore the constraint (1) altogether and assume

13See Benigno and Woodford (2004) and Debortoli and Nunes (2006) for details.
14This is where the assumption of full indexation to trend in�ation is helpful.
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that the central bank can directly set the output gap, xt: It also implies that we can further

ignore the interest rate shocks, gt , and suppress them in the state space representation. So,

let st = (pt�1; ut; � t�1; �t) represent the state of the economy at the beginning of period t; and

st = (st; s
t�1) be the history of the economy at the beginning of period t. With this notation

set, we are ready to analyze the problem of the central bank under IT and PT.

A. In�ation targeting

The in�ation targeting policy is a solution to the following problem of the central bank

V IT (st) = min
xt

�
1

2

�
�2t + �x

2
t

�
+ �Et

h
V IT

�
st+1

�i�

subject to

�t = �Et [�t+1] + �xt + ut

ut = �ut�1 + "t

It is straightforward to �nd the time-stationary solution of this problem.15 It is

xt = ��
�
dut

�t = dut

where

d =
�

�2 + �(1� ��) :

15For details see Clarida, Gali and Gertler (1999).
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Under imperfect credibility of PT, agents put a positive probability weight on the possibility

of a permanent policy regime switch back to IT. From the above optimal policy rules it is easy

to evaluate the expectation of future in�ation conditional on the switch E [�t+1jst; � t = 0] =

d�ut:

B. Price-level targeting

Under the price-level targeting regime, the problem is more complicated. The central

bank�s problem under PT is

V (st) = min
xt

�
1

2

�
p2t + �

PTx2t
�
+ �EtV (s

t+1)
�

(8)

subject to

�t = �tE [�t+1jst; � t = 1] + (1� �t)Et [�t+1jst; � t = 0] + �xt + ut

ut = �ut�1 + "t

�t+1 = f (�t)

where f (�t) is the law of motion of the credibility parameter, and �
PT is the weight on the

output gap that minimizes the social loss (5) in a fully credible price-level targeting regime

(i.e. with �t = 1 for all t = 1; 2; 3; :::).

Appendix A shows how to �nd the value of �PT numerically, and Appendix B proves

that the solution of the problem (8) takes the following form:

pt = a(�t)pt�1 + b(�t)ut (9)
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xt = �c(�t)pt�1 � d(�t)ut;

�t = pt � pt�1 (10)

where the coe¢ cients a(�t) and b(�t) solve

a(�t) =
�PT

�
1 + �t�

�
1� a(�t+1)

��
�
�
�t; �t+1; �t+2

� (11)

b(�t) =
�PT

�
1 + (1� �t)�d�+ ���tb(�t+1)

� �
1 + �t�

�
1� a(�t+1)

��
�
�
�t; �t+1; �t+2

�
�
���PT

h
1 + (1� �t+1)�d�+ ���t+1b(�t+2)� b(�t+1)� ��t+1

�
1� a(�t+2)

�
b(�t+1)

i
�
�
�t; �t+1; �t+2

� (12)

with the denominator

�
�
�t; �t+1; �t+2

�
= �2 + �PT

�
1 + �t�

�
1� a(�t+1)

��2
+��PT

h
1� a(�t+1)� �

n
�t+1

�
1� a(�t+2)

�
a(�t+1)

oi
:

The coe¢ cients c(�t) and d(�t) can be determined by substituting the value of pt from

(9) into the formula for output gap

xt = �
1

�
pt�1 +

1

�
(1 + �t� (1� at+1)) pt �

1 + (1� �t)�d�+ ���tbt+1
�

ut:

Thus, given a deterministic sequence f�tg
1
t=1 ; and a stochastic sequence futg

1
t=1 ; we
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can solve the model for time paths of output gap and in�ation.16

C. Welfare measure

The expected social loss function (5) is our welfare measure. Since it involves uncon-

ditional expectations, the in�nite sum in (5) must be integrated over all possible paths of

the cost-push shocks futg1t=0 : The integration is relatively easy to accomplish analytically

for stationary paths of the output gap and in�ation. However, the policy experiment in our

paper implies non-stationary dynamics, so we must evaluate the unconditional expectation

in (5) for every given path of credibility, f�tg
1
t=0, that we want to consider. Alternatively,

we can evaluate the approximate value of the social welfare (5) by taking a simple average of

the realized ex-post losses, generated from a large number of random sequences futgTt=1 : We

do that over 1000 random sequences of 3000 periods each, futg3000t=1 :

Once we have di¤erent values of the social welfare (5), implied by di¤erent paths of

credibility f�tg
1
t=0 ; we need to compare them using some tractable welfare measure. We

introduce such a welfare measure for stationary dynamics �rst, and then extend it to a non-

stationary case.

Suppose LIT is the value of the social welfare loss (5) implied by the perpetual in�ation

targeting (IT) policy. This is as if PT has never been introduced in the �rst place. Next,

suppose LPT is the value of the social welfare loss (5) implied by the perpetual price-level

targeting (PT) policy. It is as if a fully credible PT has been in place in period 0 and after.

In both cases, the dynamics are stationary, so we can easily evaluate the expected in�nite

16For the gradual adjustment scenario (scenario 1) we use a projection method to solve two functional
equations (11)-(12) for two (approximate) functions a (�) and b (�), given the law of motion for �: For the
jump adjustment scenario (scenario 2) we can simply solve equations (11)-(12) backward, starting from the
period T , in which we know �T = �T+1 = �T+2 = ::: = 1:
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sums in (5):

LIT =
1

2
E

1X
t=0

�t
�
�2t + �x

2
t

�
=

h
St:Dev:

�
�ITt

�i2
+ �

h
St:Dev:

�
xITt

�i2
2 (1� �)

LPT =
1

2
E

1X
t=0

�t
�
�2t + �x

2
t

�
=

h
St:Dev:

�
�PTt

�i2
+ �

h
St:Dev:

�
xPTt

�i2
2 (1� �) :

The right-most expressions in each line above, make it clear, that we can represent the

welfare attained under each stationary policy rule as a point on the plane, with the standard

deviation of in�ation on one axis, and the standard deviation of output gap on the other axis.

Figure 2 shows these two points for IT and PT. It has the standard deviation of the output

gap on the horizontal axis and the standard deviation of in�ation on the vertical. Given

the quadratic period loss function, each level of welfare on this plane is represented by the

positive quadrant section of an ellipse. The closer the level curve is to the origin, the higher

is the implied welfare (the lower is the social loss). So in Figure 2 a stationary PT regime

implies a higher welfare than a stationary IT regime. We measure the welfare di¤erence

between the two points (corresponding to PT and IT) as the vertical distance between their

level curves, evaluated along the vertical axis, as shown in Figure 2. Note that the units

of measurement along the vertical axis are in terms of the equivalent standard deviation of

in�ation that would give the same social loss as a policy in question. In other words, we

evaluate the welfare di¤erence between two policies as an equivalent permanent reduction in

the standard deviation of in�ation that would make the social loss under IT equal to that

under PT. Thus the welfare di¤erence between IT and PT, in our metric, is measured (in
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percentage points) as

� = 100
�q
2 (1� �)LIT �

q
2 (1� �)LPT

�
:

It is now easy to generalize the welfare metric to non-stationary dynamics, implied by the

gradual adjustment of credibility. Let LGrad (�) be the value of the expected loss function,

1
2
E
P1
t=0 �

t (�2t + �x
2
t ) ; that is achieved when credibility evolves according to �t+1 = �t +

� (1� �t) : Then LGrad (1) is the immediate full credibility benchmark.17 We report

�(�) = 100
�q
2 (1� �)LGrad (�)�

q
2 (1� �)LGrad (1)

�
(13)

for di¤erent values of �; as the welfare losses due to various degrees of imperfect credibility

parametrized by �:

Similarly, let LJump (T ) be the value of the expected loss function, 1
2
E
P1
t=0 �

t (�2t + �x
2
t ) ;

that is achieved when credibility evolves according to

�t =

8>>><>>>:
0; if t < T

1; if t � T:
:

Then LJump (1) is the immediate full credibility benchmark.18 We report

�(T ) = 100
�q
2 (1� �)LJump (T )�

q
2 (1� �)LJump (1)

�
(14)

17Remember that �0 = 0 for all cases that we consider.
18Observe that LGrad (1) = LJump (1), since both patterns of adjustment imply the same time path of �t:
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for di¤erent values of T; as the welfare losses due to various degrees of imperfect credibility

parametrized by T:

The welfare metric introduced above has a number of advantages: 1) it allows welfare

gains (or losses) from the policy switch to be compared directly with the actual standard

deviation of in�ation, observed in the data; 2) it makes our welfare comparisons less sensitive

to the variation in the welfare weight on output gap, � ; of which there is much uncertainty;

3) as was shown above, it is well suited for comparing welfare under non-stationary policy

rules.

An alternative welfare metric that is often used is a steady state consumption equiv-

alent compensation. We did not follow that path, because using consumption equivalents

would make our results much more model speci�c. We chose the standard deviation of in�a-

tion as our metric to keep our welfare results applicable to a wide set of models with nominal

rigidities.

4. Parametrization and results

A. Benchmark

As a benchmark set of preference parameters we use the values from Woodford (2003,

Table 6.1)

� = 0:99

� = 0:048

� = 0:024:
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We set the benchmark persistence of the cost push shocks at � = 0:48; halfway between the

estimates of Adam and Billi (2005), � = 0; and of Ireland (2004), � = 0:96. As Adam and Billi

(2005) note, the di¤erence between these two estimates seems to be driven by the di¤erent

corresponding sample lengths. Given this high degree of uncertainty about the persistence

parameter, we choose a midpoint value and carry out an extensive sensitivity analysis later.

We do the same for other coe¢ cients for which there is much uncertainty. These are � and

�: Finally, the standard deviation of the cost-push shocks is pinned down by the standard

deviation of in�ation in the model under in�ation targeting:

st:dev: (�t) =
�

�2 + �(1� ��)
�p
1� �2

:

Standard deviation of quarterly CPI in�ation rate in Canada during the in�ation

targeting period (from 1992:Q1 to 2007:Q2) was 0.4 percentage points19. Hence the standard

deviation of the cost-push shocks in the model is

� =
�2 + �(1� ��)

�

q
1� �2 � 0:004:

Figure 3 reports the welfare results for the benchmark set of parameters under the

gradual patterns of adjustment in credibility (Scenario 1). The solid horizontal line shows

the welfare loss of a fully credible IT regime relative to a fully credible PT regime (i.e.

�Grad(IT ) = 100
hq
2 (1� �)LIT �

q
2 (1� �)LGrad (1)

i
), measured as the equivalent per-

19The estimated standard deviation of in�ation is practically unchanged if we take a later period, e.g.
1996:1-2007:2, after the in�ation target in Canada was gradually reduced to its current value of 2 percent
annual rate.
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manent change in the standard deviation of in�ation, in percentage points. As we can see, the

welfare di¤erence is 0.045 percentage points, or roughly one-tenth of the standard deviation of

quarterly in�ation from 1992 to 2007. So even under immediate perfect credibility, PT gives

only a small welfare gain over IT. Points on the dashed curve in Figure 3 show welfare losses of

imperfectly credible PT regimes, with various speeds of adjustment of the credibility parame-

ter �t; i.e. for various values of � in the gradual law of motion �t = �t�1+�
�
1� �t�1

�
:More

speci�cally, the horizontal axis measures how much time it takes for the probability weight on

PT, �t; to reach 0.5. We refer to this time as the �half-time�. From the gradual adjustment

formula �t = �t�1+�
�
1� �t�1

�
(starting with �0 = 0) the �half-time�is T

h = ln 0:5
ln(1��) . Thus,

the left end of the dashed curve shows that for the case of rapid adjustment of credibility

(high �, or equivalently, low T h), there is a net welfare gain from the policy change from IT

to PT equal to the vertical distance between the solid line and the dashed curve. On the

other hand, the right end of the dashed curve shows that, in the case of slow adjustment of

credibility (low �, or equivalently, high T h), there is a net welfare loss from the policy change

from IT to PT, equal to the vertical distance between the dashed curve and the solid line.

The break-even point happens at T h; roughly 2 quarters after the policy change.

Similarly, Figure 4 reports the welfare results for the benchmark set of parameters

under the jump-like adjustment in credibility (Scenario 2). The solid horizontal line again

shows the welfare loss of an IT regime relative to a fully credible PT regime (i.e. �Jump(IT ) =

100
hq
2 (1� �)LIT �

q
2 (1� �)LJump (1)

i
). By construction, of course,�Jump(IT ) = �Grad(IT ).

Points on the dashed curve in the Figure 4 show welfare losses of imperfectly credible PT

regimes, with various timings of the jump in the credibility parameter �t; i.e. with various
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values of T in the law of motion

�t =

8>>><>>>:
0; if t < T;

1; if t � T:

As before, the left end of the dashed curve shows that, in the case of rapid adjustment of

credibility (low T ), there is a net welfare gain from the policy change from IT to PT equal

to the vertical distance between the solid line and the dashed curve. The right end of the

dashed curve shows that, in the case of slow adjustment of credibility (high T ), there is a net

welfare loss from the policy change from IT to PT equal to the vertical distance between the

dashed curve and the solid line. The break-even point happens at T between one and two

quarters after the policy switch.

We derive two main conclusions from these benchmark experiments:

1. Even under immediate full credibility of the PT regime, the welfare gains from the

policy change are small.

2. Under both gradual and jump adjustments in credibility it takes only a few quarters

of imperfect credibility for the policy change to become a welfare-reducing event.

B. Sensitivity analysis

Now we turn to the sensitivity analysis. In this section we will report results only

for the gradual patterns of adjustment in credibility (Scenario 1). The corresponding results

for the jump adjustment (Scenario 2) are very similar. The top chart of Figure 5 shows the

welfare gains and welfare loss regions for the range of the persistence of cost-push shocks, �;

holding all other parameter values at their benchmark values. Given a value of persistence �
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on a horizontal axis, the curve on the chart shows the break-even number of quarters for the

�half-time�, bT h. That is, for any gradual credibility adjustment process (scenario 1) slower
than that

�
T h > bT h�, the policy change from IT to PT would entail a net welfare loss. The

X on the horizontal axis shows the benchmark value of the persistence parameter � = 0:48:

As we can see from the top chart of Figure 5, for a wide range of persistence values,

it takes only a few quarters of imperfect credibility to make the policy change from IT to

PT a welfare reducing change. Only if � is close to zero, can one allow for longer spells of

imperfect credibility and still obtain some small welfare gains. Given the uncertainty around

the duration of imperfect credibility, the policy switch might well not be worth the cost.

The intuition for this results is clearer if we not only look at the break-even number

of quarters, but also at the welfare di¤erence between an IT regime and a fully credible PT

regime.20 The bottom chart of Figure 5 shows that the welfare di¤erence between an IT

regime and a fully credible PT regime increases with the persistence of the cost-push shocks.

The reason for that is the following: a higher persistence of shocks makes the central bank

more aggressive in stabilizing the economy, both under IT and PT. Under IT, this increase

in aggressiveness can only be achieved through a larger responsiveness of the output gap to

shocks, which leads to larger welfare losses. In contrast, under a fully credible PT much of

the stabilization is achieved automatically via the expectation channel. An aggressive ex-

pected response to current price increases lowers the expected future in�ation a lot, and thus,

stabilizes the current in�ation even more e¤ectively. This intuition also helps to understand

why credibility becomes more important at higher levels of persistence, as is evident from the

20That is, �(IT ) = 100
hp
2 (1� �)LIT �

p
2 (1� �)LGrad (1)

i
:
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top chart in Figure 5. With imperfect credibility of PT the expectation channel is weaker,

and an aggressive policy response requires larger movements in the output gap.

The top chart of Figure 6 reports the welfare gains and welfare loss regions for various

weights on the output gap in the social loss function, �; holding all other parameter values

at their benchmark level. The interpretation of the curves is the same as in Figure 5, except

here it is � that is being varied on the horizontal axis. The X on the horizontal axis signi�es

the benchmark value of the welfare weight � = 0:048: As we can see from the top chart,

for a wide range of �, it takes only few quarters of imperfect credibility to make policy

change from IT to PT welfare reducing. Only if � is close to zero, so that a variation in the

output gap does not matter for social welfare, can the central bank allow for longer spells of

imperfect credibility, and still obtain small welfare gains. From the bottom chart of Figure 6

we can see that the welfare di¤erence between an IT regime and a fully credible PT regime is

decreasing in �. The reason is simple: with large weight on the output gap, the central bank

is less tolerant to its �uctuations. Under IT, a larger � makes the central bank manipulate

the output gap less aggressively. Under PT with low credibility that is not an option. Since

the lack of credibility undermines the expectation feedback channel, the central bank has to

manipulate the output gap a lot to return the price level back to target. Thus, PT with low

credibility forces the central bank to engineer costly �uctuations in the output gap. This

explains why credibility becomes more important at higher values of �:

Finally, Figure 7 reports the same kind of sensitivity analysis for the slope of the NKPC

curve, �; holding all other parameter values at the benchmark values. The interpretation of

both curves on Figure 7 is the same as in Figure 5, except here it is � that is being varied along

the horizontal axis. The X on the horizontal axis signi�es the benchmark value of � = 0:024:
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Unlike the previous parameters, � has an important e¤ect on the break-even number of

quarters for both adjustment scenarios. More speci�cally, the �atter is the Phillips curve

(i.e. the smaller is �), the more important is credibility during the policy change from IT to

PT. On the bottom chart, we can see that the welfare di¤erence between an IT regime and

a fully credible PT regime is increasing in �: Intuitively, steapper Phillips Curve (high �)

implies greater responsiveness of current in�ation to changes in the output gap. This makes

it more tempting for the central bank to stabilize in�ation by manipulating the output gap.

Under IT, the greater temptation leads to larger output gap volatility and lower welfare.

However, imperfect credibility of PT becomes less costly as � increases. At high levels of

� the output gap is more e¢ cient in stabilizing the price level, so the e¤ectiveness of the

expectation channel becomes less important.

5. Conclusion

When the monetary authority cannot fully commit to its future actions, price-level

targeting provides a stabilization device by linking current policy actions to future in�ation

expectations, and improves the in�ation-output trade-o¤ through its e¤ect on the current

price level. While this property may render price-level targeting a desirable policy in the

long run, the transition to a new policy regime may destabilize in�ation expectations for a

long period of time. We ask whether a change from in�ation to price-level targeting is still

bene�cial, taking a sluggish adjustment of private agents�beliefs along the transition path

into account. From our quantitative analysis of imperfect credibility, we derive two main

conclusions: First, even when a policy change from in�ation targeting to price-level targeting

is fully credible, the welfare gain from better-anchored in�ation expectations under price-level
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targeting appear to be small. Second, for a wide range of parameters, it takes only a few

quarters of imperfect credibility for the net bene�ts of the policy change to become negative.

Our results emphasize the conventional wisdom in monetary policy analysis that the

cost of a permanent policy change can be minimized by increasing the credibility of policy

actions. Credibility can be improved by e¤ective central bank communication [Woodford

(2005)], reputation [Rogo¤ (1989)], transparency [Faust and Svensson (2001)] and the ap-

propriate choice of monetary policy instrument [Atkeson, Chari and Kehoe (2007)]. To the

extent that these activities are costly, future research should ask whether improving credibil-

ity of monetary policy actions is desirable in the wake of a policy regime change such as the

one considered in this paper.
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6. Appendices
A. Computing the welfare maximizing weight �PT

Optimal policy rules under discretion take a similar form for both IT and the fully

credible PT regimes

pt = apt�1 + but

xt = �cpt�1 � dut:

Vestin (2006) shows that the unconditional variances of in�ation and output gap are then

var (�t) = e2�2u = e
2 �2

1� �2

var (xt) = h2�2u = h
2 �2

1� �2 ;

where

e2 =
2b2 (1� �)

(1� a�) (1 + a)

h2 =
b2c2 (1 + a�) + d2 (1� a2) (1� a�) + 2�bcd (1� a2)

(1� a2) (1� a�) :

The expected social loss can be found as

1

2
E

1X
t=0

�t
�
�2t + �x

2
t

�
=
1

2

1X
t=0

�t (var (�t) + �var (xt)) =
var (�t) + �var (xt)

2 (1� �) :

Now, in Appendix C we show that in a fully credible PT regime the coe¢ cients a; b; c

and d depend on the output gap weight, �PT ; in the price-level targeting loss function
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L1t � 1
2

�
p2t + �

PTx2t
�
: Experimenting with di¤erent parameter values we con�rmed Verstin�s

�nding that the expected loss function as a function of �PT has a unique minimum for some

�PT > �: In our codes we use matlab optimization routines to �nd the optimal �PT which

we then use as a weight on the output gap variability under the Price-level targeting regime.

B. Solving for equilibrium under imperfectly credible PT

For convenience we repeat the problem of the central bank under imperfectly credible

PT here

V (st) = min
xt

�
1

2

�
p2t + �

PTx2t
�
+ �EtV (s

t+1)
�

subject to

�t = �tE [�t+1jst; � t = 1] + (1� �t) d�ut + �xt + ut

ut = �ut�1 + "t

�t+1 = f (�t)

We use the same procedure as in Vestin (2006) to solve the model. Rewrite the Phillips curve

as

pt � pt�1 = �t�Et [pt+1 � pt] + �xt + (1 + (1� �t)�d�)ut

which, solving for xt; gives

xt =
1

�
(1 + �t�) pt �

�

�
�tEt [pt+1]�

1

�
pt�1 �

(1 + (1� �t)�d�)
�

ut (15)
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Guess that the state variable pt follows a linear rule

pt = a(�t)pt�1 + b(�t)ut (16)

where a(�t) and b(�t) are parameters that depend on �t: This implies

Et [pt+1] = ptEt
h
a(�t+1)

i
+ Et

h
b(�t+1)ut+1

i
:

Assuming that �t+1 is independent of the cost-push innovation "t+1 we obtain

Et [pt+1] = ptEt
h
a(�t+1)

i
+ �utEt

h
b(�t+1)

i

Denote

at+1 = Et
h
a(�t+1)

i
bt+1 = Et

h
b(�t+1)

i

then we can rewrite (15) as

xt =
1

�
(1 + �t�) pt �

�

�
�t (at+1pt + bt+1�ut)�

1

�
pt�1 �

(1 + (1� �t)�d�)
�

ut

= �1
�
pt�1 +

1

�
(1 + �t� (1� at+1)) pt �

1 + (1� �t)�d�+ ���tbt+1
�

ut (17)
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which if solved for pt gives

pt =
�

1 + �t� (1� at+1)
xt +

1

1 + �t� (1� at+1)
pt�1 +

1 + (1� �t)�d�+ ���tbt+1
1 + �t� (1� at+1)

ut:

Thus,

@pt
@xt

=
�

1 + �t� (1� at+1)
:

The �rst-order condition for the central bank�s problem is

0 = Et

(
@pt
@xt

pt + �
PTxt + �

@Vt+1
@pt

@pt
@xt

)
:

Guessing the expected derivative of the value function as

Et

"
@Vt+1
@pt

#
= 
1;t+1 + 
2;t+1pt + 
3;t+1�ut

the �rst-order condition becomes

0 =
�pt

1 + �t� (1� at+1)
+ �PTxt +

��
�

1;t+1 + 
2;t+1pt + 
3;t+1�ut

�
1 + �t� (1� at+1)

0 =
�pt + ��

�

1;t+1 + 
2;t+1pt + 
3;t+1�ut

�
1 + �t� (1� at+1)

+
�PT

�
[(1 + �t� [1� at+1]) pt � pt�1 � (1 + (1� �t)�d�+ ���tbt+1)ut]

and after rearrangements

0@�2 + �PT (1 + �t� (1� at+1))2 + ��2
2;t+1
� (1 + �t� (1� at+1))

1A pt
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= �
��
1;t+1

1 + �t� (1� at+1)
+
�PT

�
pt�1

+

"
�PT (1 + (1� �t)�d�+ ���tbt+1) (1 + �t� (1� at+1))� ���2
3;t+1

� (1 + �t� (1� at+1))

#
ut

which solving for pt gives

pt =
���2
1;t+1

�2 + �PT (1 + �t� (1� at+1))
2 + ��2
2;t+1

+
�PT (1 + �t� (1� at+1))

�2 + �PT (1 + �t� (1� at+1))
2 + ��2
2;t+1

pt�1

+

24�PT (1 + (1� �t)�d�+ ���tbt+1) (1 + �t� (1� at+1))� ���2
3;t+1
�2 + �PT (1 + �t� (1� at+1))

2 + ��2
2;t+1

35ut

which under our assumed solution pt = a(�t)pt�1 + b(�t)ut implies that 
1;t+1 = 0 and

pt =
�PT (1 + �t� (1� at+1))

�2 + �PT (1 + �t� (1� at+1))
2 + ��2
2;t+1

pt�1

+

24�PT (1 + (1� �t)�d�+ ���tbt+1) (1 + �t� (1� at+1))� ���2
3;t+1
�2 + �PT (1 + �t� (1� at+1))

2 + ��2
2;t+1

35ut: (18)

The envelope theorem applied to the central bank�s problem gives

Et

"
@Vt+1
@pt

#
= Et

"
@Vt+1
@xt+1

@xt+1
@pt

#
= Et

�
�PTxt+1

�
�1
�

��

So

Et

"
@Vt+1
@pt

#
= ��

PT

�2
Et
h
�pt +

h
1 + �t+1� (1� at+2)

i
pt+1 �

�
1 + (1� �t+1)�d�+ ���t+1bt+2

�
ut+1

i
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= ��
PT

�2
Et

26664 �pt +
h
1 + �t+1� (1� at+2)

i �
a(�t+1)pt + b(�t+1)ut+1

�
�
�
1 + (1� �t+1)�d�+ ���t+1bt+2

�
ut+1

37775

=
�PT

�2
Et

26664
h
1�

�
1 + �t+1� (1� at+2)

�
a(�t+1)

i
pt

+
h
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�
1 + �t+1� (1� at+2)

�
b(�t+1)

i
ut+1

37775

=
�PT

�2

26664
h
1� Et

n�
1 + �t+1� (1� at+2)

�
a(�t+1)

oi
pt

+
h
1 + (1� Et

h
�t+1

i
)�d�+ ��Et

h
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i
� Et

n�
1 + �t+1� (1� at+2)

�
b(�t+1)

oi
�ut

37775

=

�PT

�2

h
1� Et

h
a(�t+1)

i
� �Et

n
�t+1 (1� at+2) a(�t+1)

oi
pt

+�PT �
�2

h
1 + (1� Et

h
�t+1

i
)�d�+ ��Et

h
�t+1bt+2

i
� Et

h
b(�t+1)

i
� �Et

n
�t+1 (1� at+2) b(�t+1)

oi
ut

=

�PT

�2

h
1� at+1 � �Et

n
�t+1 (1� at+2) a(�t+1)

oi
pt

+�PT �
�2

h
1 + (1� Et

h
�t+1

i
)�d�+ ��Et

h
�t+1bt+2

i
� bt+1 � �Et

n
�t+1 (1� at+2) b(�t+1)
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ut

This has to be equal to

Et

"
@Vt+1
@pt

#
= 
1;t+1 + 
2;t+1pt + 
3;t+1�ut = 
2;t+1pt + 
3;t+1�ut;

which implies


2;t+1 =
�PT

�2

h
1� at+1 � �Et

n
�t+1 (1� at+2) a(�t+1)

oi

3;t+1 =

�PT

�2

h
1 + (1� Et

h
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i
)�d�+ ��Et

h
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i
� bt+1 � �Et

n
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Substituting these values of coe¢ cients 
2;t+1; and 
2;t+1 into (18) we �nally obtain

a(�t) =
�PT (1 + �t� (1� at+1))

�2 + �PT (1 + �t� (1� at+1))
2 + ��PT

h
1� at+1 � �Et

n
�t+1 (1� at+2) a(�t+1)

oi
b(�t) =

�PT (1 + (1� �t)�d�+ ���tbt+1) (1 + �t� (1� at+1))
�2 + �PT (1 + �t� (1� at+1))

2 + ��PT
h
1� at+1 � �Et

n
�t+1 (1� at+2) a(�t+1)

oi
�
���PT

h
1 + (1� Et

h
�t+1

i
)�d�+ ��Et

h
�t+1bt+2

i
� bt+1 � �Et

n
�t+1 (1� at+2) b(�t+1)

oi
�2 + �PT (1 + �t� (1� at+1))

2 + ��PT
h
1� at+1 � �Et

n
�t+1 (1� at+2) a(�t+1)

oi :

Note that so far we allowed for stochastic evolution of �t+j: The only restriction we

imposed on the distribution of � is that it is independent of the distribution of the (same

period) cost-push innovations, "t+j: Now, suppose the sequence of �t evolves deterministically

as �t+1 = g(�t): With the deterministic sequence the expectations of � are degenerate so

at = Et�1 [a(�t)] = a(�t)

bt = Et�1 [b(�t)] = b(�t):

and

a(�t) =
�PT

�
1 + �t�

�
1� a(�t+1)

��
�2 + �PT

�
1 + �t�

�
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��2
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h
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�
1� a(�t+2)

�
a(�t+1)

oi
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�PT
�
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� �
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�
1� a(�t+1)

��
�2 + �PT

�
1 + �t�

�
1� a(�t+1)

��2
+ ��PT

h
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n
�t+1

�
1� a(�t+2)

�
a(�t+1)

oi
�

���PT
h
1 + (1� �t+1)�d�+ ���t+1b(�t+2)� b(�t+1)� ��t+1

�
1� a(�t+2)

�
b(�t+1)

i
�2 + �PT

�
1 + �t�

�
1� a(�t+1)

��2
+ ��PT

h
1� a(�t+1)� �

n
�t+1

�
1� a(�t+2)

�
a(�t+1)

oi :

These are the same equations as in the equations (11) in the text.
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C. Fully credible PT benchmark

Suppose �T = �T+1 = �T+2 = ::: = 1 for sure. Then the equations under (11) imply

at =
�PT (1 + � (1� at+1))

�2 + �PT (1 + � (1� at+1))2 + ��PT [1� at+1 � � (1� at+2) at+1]

bt =
�PT (1 + � (1� at+1)) + ���PT fbt+1 � (1 + ��bt+2) + bt+1 [� (1� at+1) + 1 + � (1� at+2)]g

�2 + �PT (1 + � (1� at+1))2 + ��PT [1� at+1 � � (1� at+2) at+1]
:

Let�s �nd the stationary solution

a =
�PT (1 + � (1� a))

�2 + �PT (1 + � (1� a))2 + ��PT [1� a� � (1� a) a]

b =
�PT (1 + ��b) (1 + � (1� a))� ���PT [1 + ��b� b� � (1� a) b]

�2 + �PT (1 + � (1� a))2 + ��PT [1� a� � (1� a) a]

After some manipulations with the last equation, we obtain

b =
1 + � (1� a)� ��

�2

�PT
+ (1 + � (1� a))2 + � (1� a) [1� �a]� �� [1 + � (1� a)� ��+ 1 + � (1� a)]

where a is a solution to

a

"
�2

�PT
+ (1 + � (1� a))2 + � (1� a) [1� �a]

#
= 1 + � (1� a)

Now, for the output gap with perfect credibility

xt = �1
�
pt�1 +

1

�
(1 + � (1� a)) pt �

1 + ��b

�
ut

= �1
�
pt�1 +

1

�
(1 + � (1� a)) (apt�1 + but)�

1 + ��b

�
ut
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=
1

�
(�1 + a+ a� (1� a)) pt�1 +

1

�
[(1 + � (1� a)) b� 1� ��b]ut

= �(1� a) (1� a�)
�

pt�1 +
b+ b� (1� a)� 1� ��b

�
ut;

or �nally

xt = �
(1� a) (1� a�)

�
pt�1 �

1� b [1 + � (1� �� a)]
�

ut:

D. Computation of equilibrium for jump adjustment in credibility

A special attention is needed to non-stationary law of motion of �t implied by our

scenario 2. In particular, assume that �t = 0 for t = 1; 2; :::T � 1; and �t = 1 for t � T:

Abusing notation, let a(�t; �t+1; �t+2) and b(�t; �t+1; �t+2) be the optimal coe¢ cients in the

period t, given the values �t; �t+1; �t+2. Then we need to solve the following equations:

1) for period t = T we have

a(1; 1; 1) =
�PT (1 + � (1� a(1; 1; 1)))

�2 + �PT (1 + � (1� a(1; 1; 1)))2 + ��PT [1� a(1; 1; 1)� � f(1� a(1; 1; 1)) a(1; 1; 1)g]

b(1; 1; 1) =
�PT (1 + ��b(1; 1; 1)) (1 + � (1� a(1; 1; 1)))

�2 + �PT (1 + � (1� a(1; 1; 1)))2 + ��PT [1� a(1; 1; 1)� � f(1� a(1; 1; 1)) a(1; 1; 1)g]

+
����PT [1 + ��b(1; 1; 1)� b(1; 1; 1)� � (1� a(1; 1; 1)) b(1; 1; 1)]

�2 + �PT (1 + � (1� a(1; 1; 1)))2 + ��PT [1� a(1; 1; 1)� � f(1� a(1; 1; 1)) a(1; 1; 1)g]

2) for period t = T � 1 we have

a(0; 1; 1) =
�PT

�2 + �PT + ��PT [1� a(1; 1; 1)� � f(1� a(1; 1; 1)) a(1; 1; 1)g]

b(0; 1; 1) =
�PT (1 + �d�)

�2 + �PT + ��PT [1� a(1; 1; 1)� � f(1� a(1; 1; 1)) a(1; 1; 1)g]

+
����PT [1 + ��b(1; 1; 1)� b(1; 1; 1)� � (1� a(1; 1; 1)) b(1; 1; 1)]
�2 + �PT + ��PT [1� a(1; 1; 1)� � f(1� a(1; 1; 1)) a(1; 1; 1)g]
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3) for period t = T � 2 we have

a(0; 0; 1) =
�PT

�2 + �PT + ��PT [1� a(0; 1; 1)]

b(0; 0; 1) =
�PT (1 + �d�)

�2 + �PT + ��PT [1� a(0; 1; 1)]
+

����PT [1 + �d�� b(0; 1; 1)]
�2 + �PT + ��PT [1� a(0; 1; 1)]

4) for period t = T � 3 we have

a1(0; 0; 0) =
�PT

�2 + �PT + ��PT [1� a(0; 0; 1)]

b1(0; 0; 0) =
�PT (1 + �d�)

�2 + �PT + ��PT [1� a(0; 0; 1)]
+

����PT [1 + �d�� b(0; 0; 1)]
�2 + �PT + ��PT [1� a(0; 0; 1)]

4) for period t = T � 4 and beyond we have

aj+1(0; 0; 0) =
�PT

�2 + �PT + ��PT [1� aj(0; 0; 0)]

bj+1(0; 0; 0) =
�PT (1 + �d�)

�2 + �PT + ��PT [1� aj(0; 0; 0)]
+

����PT [1 + �d�� bj(0; 0; 0)]
�2 + �PT + ��PT [1� aj(0; 0; 0)]

So, from period t = T � 2 back we can compute coe¢ cients recursively.
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7. Figures

Start of
period. t

Start of
period t+1

s t =(p t-1 ,u t , τt-1 , φt )
is known

τt is
realized

Private agents form expectations of
next period inflation and output gap,
with each expectation having two
terms: expectations conditional on
two possible realizations of τt

Central Bank sets interest
rate i t , which determines
current inflation πt and
current output gap x t

Private agents learn the realized
value of the next period policy regime
indicator τt

s t+1 =(p t ,u t+1 , τt , φt+1 )
is known

Figure 1: Timing of events
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Figure 2: Welfare metric: we use the equivalent di¤erence in the standard deviation of
in�ation as our measure of welfare di¤erence between two alternative policy regimes.
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Figure 3: Benchmark results: Welfare losses of various monetary policy regimes minus welfare
loss of PT under perfect credibility. Solid line is for IT, dashed curve is for PT with various
degrees of imperfect credibility under Scenario 1 (various speeds of gradual adjustment in
credibility).
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Figure 4: Benchmark results: Welfare losses of various monetary policy regimes minus wel-
fare loss of PT under perfect credibility. Solid line is for IT, dashed curve is for PT with
various degrees of imperfect credibility under Scenario 2 (various speeds of jump adjustment
in credibility, T).
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Figure 5: Sensitivity Analysis: The top chart shows Net Welfare Gain and Net Welfare Loss
regions for range of values of the persistence of cost-push shocks. The curve shows break-even
number of quarters for the "half-time" of gradual adjustment (Scenario 1). X signi�es the
benchmark value of the persistence parameter. The bottom part shows the welfare di¤erence
between IT and a fully credible PT.
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Figure 6: Sensitivity Analysis: The top chart shows Net Welfare Gain and Net Welfare Loss
regions for range of values of the welfare weight on output gap. The curve shows break-even
number of quarters for the "half-time" of gradual adjustment (Scenario 1). X signi�es the
benchmark value of the welfare weight on output gap. The bottom part shows the welfare
di¤erence between IT and a fully credible PT.
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Figure 7: Sensitivity Analysis: The top chart shows Net Welfare Gain and Net Welfare Loss
regions for range of values of the slope of the Phillips curve. The curve shows break-even
number of quarters for the �half-time�of gradual adjustment (Scenario 1). X signi�es the
benchmark value of the slope. The bottom part shows the welfare di¤erence between IT and
a fully credible PT.
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