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We study the optimal committed monetary policy when the private sector has imperfect information and has to infer the central banker's ability to commit. The optimal policy is designed to inﬂuence learning and improve the central banker's reputation of being committed. The reputation building implies that when a committed central banker ﬁrst takes ofﬁce, he should resist the temptation to stimulate output with initially high but declining inﬂation; he should reverse a missed inﬂation target rather than accommodate it; and he should adopt a less accommodative inﬂation response to a cost-push shock than a full commitment solution suggests. & 2016 Elsevier B.V. All rights reserved.
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1. Introduction Policy design in modern dynamic stochastic general equilibrium models with nominal frictions is typically conducted in one of two modes: the monetary authority is fully capable of commitment or completely unable to commit. In both the cases, it is implicitly assumed that the private sector knows whether policymakers are capable of commitment or not. However, the ability to commit is by nature unobservable.1 This paper studies optimal policy design for a committed policymaker when the private sector does not know the policymaker's ability to commit but seeks to infer it from economic data. We work with a version of the textbook New Keynesian monetary policy model in which the private sector's belief about future inﬂation is a key determinant of real activity and welfare. In our setup, a committed central banker faces a skeptical private sector which attaches a likelihood – an extent of credibility – to inﬂation being generated by his optimal plan yet also believes it may result from another plan with both inﬂation bias and stabilization bias as would arise if he were not able to commit.2 The private sector updates its belief in a Bayesian fashion based on observed inﬂation rates which center around, but are more variable than, the central banker's policy choices due to implementation errors. This evolving belief is interpretable both as the reputation of the central banker and the n



Corresponding author. E-mail address: [email protected] (Y.K. Lu). 1 A large literature has been devoted to designing apparatus for policymakers to communicate to the private sector their ability to commit. See the works of Dixit (2001), Lohmann (1992), Herrendorf (1998), Lockwood (1997), Svensson (1997), Walsh (1995, 2002), and Woodford (2003), among many others. In practice, central banks have also provided various means for private analysts to compare inﬂation announcements with outcomes. Examples include inﬂation reports, the release of the minutes of board meetings, and the publication of the central bank's forecasts. 2 In the literature (e.g., Gali and Gertler, 2007), inﬂation bias is the higher average inﬂation rate that arises when policy is determined without commitment capability, whereas stabilization bias is the greater extent of the variability of inﬂation in response to cost-push shocks such as energy price shocks. http://dx.doi.org/10.1016/j.jmoneco.2016.10.010 0304-3932/& 2016 Elsevier B.V. All rights reserved.
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credibility of his inﬂation plans. We show that the committed central banker with a poor reputation can use his policy actions to enhance his reputation and better manage the private sector's inﬂation expectations. This reputation-building incentive plays an important role in shaping the optimal policy in our model. The previous literature has highlighted two effects of imperfect credibility on the optimal monetary policy when the extent of credibility is exogenous. First, imperfect credibility causes the private sector to expect a higher inﬂation because the alternative policy is more inﬂationary. Second, imperfect credibility reduces the control that a central banker has over the private sector's expectations. As a result, the optimal inﬂation with imperfect credibility should be higher and more accommodative of shocks in the economy. However, we show that once the private sector's learning is taken into account, the optimal policy should not only accommodate imperfect credibility but also enable the central banker to regain his reputation so that his future policy plans will be more credible. In determining the optimal inﬂation plans, reputation building is thus weighed against the two other consequences of imperfect credibility. When the reputation-building effect is strong enough, it is optimal for a central banker with a lower credibility to follow a less inﬂationary policy. The combination of low credibility and low actual inﬂation means large negative inﬂation surprises for the private sector. Although these inﬂation surprises reduce output, they work to convince the private sector that the current central banker is committed. Therefore, when the long-term beneﬁt of an improved reputation is large enough, it is optimal for the committed central banker to pay the short-term output cost in exchange for the improved reputation. A recent paper by Matthes (2015) provides empirical support for the reputation building mechanism. Using the U.S. data since 1960, he ﬁnds that the private sector increasingly believed that the monetary policy was set with commitment during the Volcker disinﬂation. This tradeoff between building a reputation and accommodating imperfect credibility is also important for the central banker's optimal response to cost-push shocks and missed inﬂation targets. In face of a cost-push shock, a central banker with a lower credibility tends to respond more accommodatively since it is more difﬁcult to smooth the shock's effects on inﬂation and output when he has limited control over inﬂation expectations. On the other hand, a cost-push shock also provides a good opportunity for the committed central banker to signal his type, as a central banker who cannot commit will accommodate the shock. The incentive to accelerate reputation building can dominate the accommodating effect so that a central banker with a lower credibility accommodates a cost-push shock less than one with a higher credibility.3 When the actual inﬂation misses its target by a positive surprise, it stimulates output. The committed central banker with imperfect credibility could smooth the immediate real effect by promising higher-than-average inﬂation in subsequent periods. The reputation-building effect, on the other hand, dictates that he generates a period of lower-than-average inﬂation in order to regain some of the reputation lost due to the positive surprise. When the reputation-building effect dominates, the optimal inﬂation response is to reverse the positive deviation from the target, shifting the optimal policy from “ﬂexible inﬂation targeting” to “ﬂexible price-level targeting”. To assess the quantitative importance of reputation building, we perform a simulation exercise to show that the inﬂation and the output gap exhibit signiﬁcantly different statistical properties when the central banker is concerned with reputation building, especially when his credibility is low. Moreover, we ﬁnd that over a large parameter space that is empirically relevant, the reputation-building effect dominates the accommodating effect in shaping the optimal policy. This paper is by no means the ﬁrst to distinguish the ability to commit from the credibility of commitment. The reputation literature on monetary policy, of which Barro (1986) and Backus and Drifﬁll (1985a,b) are representative examples, shows that reputation can motivate a discretionary policymaker to keep inﬂation low. However, the committed policy is exogenous in these models.4 Barro (1986) notes this shortcoming: “Zero inﬂation is optimal with the assumed cost function if commitments are not only made but are also fully believed. In the present context credibility is tempered by the possibility that the policymaker is type 2 [lacks commitment ability]. In this case the best value to commit to need no longer be zero inﬂation” (page 17). In response to this concern, Cukierman and Liviatan (1991) and King et al. (2008) study the optimal committed monetary policy under imperfect credibility. However, both papers adopt the Lucas–Barro–Gordon Phillips curve, instead of the forward-looking New Keynesian Phillips curve that has been widely used in the modern macro literature. In this paper, we ﬁnd that incorporating this forward-looking constraint leads to a stronger reputation-building effect and, in turn, a different optimal inﬂation response to imperfect credibility. Our model also leads to richer equilibrium dynamics of reputation by realistically assuming that actual inﬂation randomly deviates from its policy target (imperfect public monitoring).5 In Appendix A, we provide an algorithm for solving this class of models with both forward-looking constraints and imperfect public monitoring.6 Our results on the consequences of imperfect credibility for optimal policy design differ from those of the “loose commitment” approach originally developed by Roberds (1987) and recently extended by Schaumburg and Tambalotti 3 Our policy prescription that inﬂation should be lower on average is consistent with the literature on monetary policy delegation (Rogoff, 1985). However, delegation makes the response of inﬂation to cost-push shocks less variable than the socially optimal level whereas in our model, the response of inﬂation to cost-push shocks becomes more variable once the reputation building effect is taken into account. 4 Two recent papers (Xandri, 2013; Hansen and McMahon, 2016) advance this literature further and emphasize the importance of signaling in monetary policy decisions. However, in both papers, the “good” type signals through other channels than varying the monetary policy and in turn the policy space is binary and exogenous. By contrast, the committed policy in our model is endogenously determined as a result of signaling by the committed type. 5 In both Cukierman and Liviatan (1991) and King et al. (2008), the reputation either increases or drops to zero. In our model, imperfect public monitoring allows the committed central banker to spend part of his reputation capital if it is optimal to do so. 6 Our algorithm builds on Marcet and Marimon (1998, 2011) and Khan et al. (2003).
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(2007) and Debortoli et al. (2014). The “loose commitment” approach assumes an exogenous credibility of the committed policy plan stemming from a constant, exogenous probability that the current policymaker will be replaced in each period. In our model, the credibility of the policy plan is endogenously determined by the private sector's Bayesian learning, so the central banker could improve the credibility of his future plans through reputation building. This reputation building incentive signiﬁcantly alters the optimal policy in our model from that derived using the “loose commitment” approach. Moreover, our comparative statics analysis reveals that a higher replacement probability does not have the same effects on the optimal response to cost-push shocks as a lower (exogenous) credibility.



2. The baseline model The momentary objective of a central banker is assumed to take the form: i 1h ut ¼  π 2t þhðxt  x Þ2 ; 2



ð1Þ



where πt is the inﬂation, xt is the output gap, and x 4 0 is the output gap target. The central banker also faces a standard New Keynesian (NK) Phillips curve π t ¼ βEt π t þ 1 þκxt þ ςt ;



ð2Þ



where Et π t þ 1 is the expected future inﬂation, β is the time discount factor, and the cost-push shock ςt follows an exogenous Markov chain process:   Pr ςt þ 1 ¼ sjςt ¼ σ ¼ δðs; σ Þ: ð3Þ We assume that a central banker can serve a maximum of J terms and the length of a term is N periods. At the end of a term, the incumbent central banker will be reappointed for another term with a ﬁxed probability. In other words, if we denote by qt the probability that the current central banker will be replaced in period t þ 1, qt ¼ q if t¼jN ð j ¼ 1; …; J  1Þ and qt ¼ 1 at the end of the Jth term (t ¼JN). Within a term, the replacement probability is zero. A replacement is observed by the private sector. 2.1. Types of central bankers We study the design of the optimal policy by a central banker who is capable of commitment. He chooses the optimal inﬂation plans when he ﬁrst takes ofﬁce and commits to the plans for all subsequent periods, conditional on his holding ofﬁce. We refer to such a central banker as the committed type for short. The predetermined optimal plans specify the committed type's inﬂation action in each period t, denoted by at, contingent on the realization of shocks. The central banker has imperfect control over inﬂation, such that π t ¼ at þ εt



ð4Þ



where εt is an i.i.d. implementation error that has mean zero, variance and a bell-shaped distribution that peaks at zero.7 We think of at as the inﬂation target and εt is then the deviation of inﬂation from target. We assume that the inﬂation actions are not observed by the private sector. The central banker announces his planned inﬂation actions ðat Þ in advance, but faces private sector skepticism about whether inﬂation will indeed be generated by the announced actions or by the actions of an alternative type of central banker, denoted by αt. In other words, the private sector entertains the possibility that π t ¼ αt þεt . The alternative type of central banker in our model is assumed to be mechanical in both policy announcement and policy actions. In particular, he makes the same policy announcement as the committed type,8 and follows a simple inﬂation rule: σ 2ε ,



αt ¼ μþ ϕςt :



ð5Þ



μ and ϕ can take any value as long as inﬂation is expected to be higher and more variable under the alternative policy rule. In our baseline model, we set μ and ϕ to be consistent with the inﬂation bias and the stabilization bias of the equilibrium policy under discretion (Gali and Gertler, 2007), so that the optimal policy rule of a committed central banker with zero credibility is identical to the optimal rule in a pure-discretion world.9 We then subsequently refer to μ as the inﬂation bias and ϕ as the stabilization bias. 7 A similar structure with implementation error can be found in Cukierman and Meltzer (1986), Faust and Svensson (2001), and Atkeson and Kehoe (2006). 8 In our prior work (King et al., 2008), we studied the signaling equilibrium of a model in which the alternative type was optimizing, rather than mechanical. We found that both types of central bankers would make the same announcement and that the announcement would be the optimal action for the committed type. Our present assumption is in line with these ﬁndings. 9 Appendix C reports the robustness of our results when the alternative type of central banker follows the reoptimized committed policy plan with constant credibility. We can in turn interpret the alternative type as one who reoptimizes the monetary policy but takes the private sector's expectations as given, i.e. ignoring the learning of the private sector.
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2.2. Reputation, credibility, and expected inﬂation Realized inﬂation is thus a noisy signal of the unobserved policy action, or equivalently, the type of the incumbent central banker. Denote by ρt the private sector's assessment (as of the start of period t) of the probability that the incumbent central banker is the committed type. After observing πt, the private sector updates ρt according to Bayes' rule: ρt þ 1 ¼



ρt f ðπ t jat Þ ; ρt f ðπ t jat Þ þð1  ρt Þf ðπ t jαt Þ



ð6Þ



where f ðπjaÞ denotes the probability of observing π, conditional on the policy action's being a. We refer to ρ as the reputation of the central banker. The central banker's reputation ρ determines the extent to which the announced policy plans can affect expected inﬂation: )  ( 1  qt ρt þ 1 Et ðat þ 1 Þ þ ð1  ρt þ 1 ÞEt ðαt þ 1 Þ     et  βEt π t þ 1 ¼ β : ð7Þ þ qt λρt þ 1 Et ða1 Þ þ 1 λρt þ 1 Et ðα1 Þ As shown in this expression, expected inﬂation is a probability-weighted average of the expectation of inﬂation that will take place if the current central banker continues in place and that if there is a replacement. Looking further into the details for a continuing central banker, Et ðaÞ ¼ Et ðπ t þ 1 jaÞ is the expectation conditional on the inﬂation action's being a in the next period: this differs if the continuing central banker can commit or not, so that Et ðat þ 1 Þ is weighted by ρt þ 1 and Et ðαt þ 1 Þ is weighted by 1  ρt þ 1 in calculating this part of expected inﬂation. Turning to the case of a new central banker, a1 and α1 denote the inﬂation actions of the committed type and the alternative type. Note that there is a different weighting across because the newly appointed central banker only partially inherits the reputation of his predecessor so that his initial reputation will be λρt þ 1 with λ A ½0; 1. Note also that the appropriate reputation measure ρ or λρ captures the credibility of the announced policy plan at þ 1 or a1. 2.3. Optimal policy problem Within a period t, events take place in the following order. The incumbent central banker either stays or is replaced, an outcome which is observed by private agents. The cost-push shock ςt hits. If there is a new central banker, then a new inﬂation policy is announced which is optimal given the state variables of the model. If there is a continuing central banker, then an inﬂation action at is taken according to the previously announced inﬂation plan. In either case, the inﬂation action results in an inﬂation outcome πt, based on which the private sector forms expectations about inﬂation in the next period, et. Finally, the output gap xt is determined by the Phillips curve. The problem for a new committed central banker is 8 9 J 


j¼0



k¼1



subject to the constraints (2)–(7). Appendix A shows this can be written in the recursive form: (   ) wt þβð1  qt ÞEt W t þ 1 ρt þ 1 ; ηt þ 1 ; ςt þ 1     ;   W t ρt ; ηt ; ςt ¼ min max Et βqt γ t λρt þ 1 Et ða1 Þ þ 1  λρt þ 1 Et ðα1 Þ γ t ðπ t Þ at ;et ðπ t Þ   P P where Et ðÞ ¼ π t A Π f ðπ t jat ÞðÞ, Et ðÞ ¼ ςt þ 1 δ ςt þ 1 ; ςt ðÞ, " #  2   1 π t et ðπ t Þ  ςt þγ t ðπ t Þet ðπ t Þ ηt ρt π t þ ð1 ρt Þαt ;  x wt ¼  π 2t þ h 2 κ



ð9Þ



ð10Þ



subject to the state evolution Eqs. (6), (3), and ηt þ 1 ¼ γ t ;



with η1 ¼ 0:



ð11Þ



In this recursive speciﬁcation, two notations for central banker's expectations are necessary because the action a is chosen prior to the realization of the inﬂation outcome πt, while the variables γ and e are chosen conditional on each realization of πt. The multiplier γt is attached to the expectations constraint at t rather than to the Phillips curve (2) as in the standard analyses of optimal policy using Lagrangian methods (e.g. Woodford, 2003). But it plays a similar role so that it is interpretable as the beneﬁt from relaxing the forward-looking constraint (2).10 To solve this ﬁnite-horizon model,11 we start from  the last period of the Jth term and compute the value functions backwards conditional on a guessed policy function a1 ρ1 ; ς1 . Then we iterate the computation upon the convergence of the policy function. 10 In fact, we have deﬁned the variable et so that it is the forward-looking determinant of inﬂation βEt π t þ 1 and has the same units as inﬂation. So, the associated multiplier has the same units as if it applied to the Phillips curve itself. 11 It is worth noting that the algorithm presented in Appendix A allows for alternative speciﬁcations of qt without a terminal period for the central banker, e.g. random replacement with qt constant every period as in Schaumburg and Tambalotti (2007). However, the expected term duration will then be a function of the replacement probability which will in turn affect the central banker's credibility. The structure of qt imposed here clearly separates the
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2.4. Effects of imperfect credibility in the absence of learning In the special case where the credibility is constant (ρt ¼ ρ in all periods) and there is no implementation error, the ﬁrstorder conditions (FOC) with respect to the optimal management of expectations ðet Þ, the multiplier γt and the optimal action at ¼ π t are, respectively: γt ¼ 



hπ t et  ςt  x : κ κ



ð12Þ



( )  1 qt ρEt ðat þ 1 Þ þð1  ρÞEt ðαt þ 1 Þ et ¼ βEt π t þ 1 ¼ β þqt ½λρEt ða1 Þ þ ð1  λρÞEt ðα1 Þ πt ¼ 



hπ t  et  ςt x  ρηt ¼ γ t  ρηt κ κ



ð13Þ



ð14Þ



We can use these conditions to discuss two important channels by which imperfect credibility affects the optimal policy. One is the accommodating effect captured by γt. From Eq. (12), γ t ¼  hκ ðxt x Þ and it captures the temptation to abandon the precommitted inﬂation plan. The temptation is stronger if the current output gap is further away from its target. When ρ o1, the expectation of future inﬂation (et) is higher because more weight is placed on the action of the alternative type of central banker. This reduces output and in turn increases the multiplier, leading to higher current inﬂation to partially offset the contractionary effect of higher expected inﬂation. The other is the anchoring effect captured by ρηt : lowering the date-t inﬂation action helps to anchor the expected inﬂation at t 1. If a shock at t 1 raises the temptation to abandon the precommitted plan, i.e., ηt is high, the date-t inﬂation should be reduced to partially offset the effect of the shock. A lower credibility ρ enhances the accommodating effect but weakens the anchoring effect. So, both effects work in the same direction to raise the optimal inﬂation if the central banker has a lower constant credibility. 2.5. The reputation-building effect When there is implementation error and endogenously evolving reputation, the central banker chooses his inﬂation action a t bearing in mind that (1) it determines the distribution of πt and (2) it affects how the private sector updates its belief ρt þ 1. Conditional on the inﬂation realization πt, the multiplier continues to be restricted by (12) and the expectations constraint takes its general form (7) consistent with evolving reputation. The FOC with respect to at becomes   at ¼ Et γ t  ρt ηt  19 8 2 > >   qt γ t λ Et ða1  Et ðα1 Þ þ ρt þ 1 ∂Et ða1 Þ =  > ∂π t ; : ∂at þ 1  qt ∂ρ tþ1



The fact that reputation is endogenous gives rise to the reputation-building effect of optimal inﬂation, which is captured by the last term of (15). This reputation-building effect has two important features. First, it lowers the optimal at relative to its optimal level in the constant credibility case. We will label the term   



 2 1 ∂ρt þ 1 ∂ρt þ 1  1 ∂f ðπ t jαt Þ  þ ¼ ρt þ 1 1 ð16Þ ρt f ðπ t jat Þ ∂π t ∂at ∂π t as the elasticity of reputation with respect to the current inﬂation action at conditional on πt. It is negative for π t oαt due to the bell-shaped distribution of εt. The term in the square brackets in (15) is the marginal beneﬁt of an improved reputation. It is positive as long as the current output gap is below its desired level ðγ t 4 0Þ. Since the distribution of πt is concentrated around at, whose optimal level is lower than αt in the constant credibility case, the product of the elasticity and the marginal gain is negative on average. In other words, a lower at improves the central banker's reputation, which in turn increases his current and future payoffs. Second, the reputation-building effect is stronger if the central banker has a weaker reputation (a lower ρt) as long as ρt is not too low. This feature is driven by the non-linearity of Bayesian learning about the central h i 2 banker's type as highlighted by (16). In particular, Et ρt þ 1 ðρt 1 1Þ is decreasing in ρt when ρt is not extremely low. (footnote continued) concept of credibility from the term length and allows us to study the latter's effect on credibility/reputation building. Moreover, the algorithm can deal with an optimizing alternative type of central banker by including the ﬁrst-order conditions of the alternative type as incentive compatibility constraints. As this extension involves many other modeling details unrelated to the current paper, we leave it to future research.
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Table 1 Benchmark calibration. Parameter



Value



Deﬁnition



N J q λ x κ h β σε σξ δ μ ϕ



16 2 0.2 0.5 0.05 0.17 0.017 0.995 1% 0:5% 0.9 0:5% 0.5567



Term length Maximal number of terms Replacement probability Transmission of reputation from one central banker to the next Output target PC output slope Output weight in welfare Time discount factor Std of implementation error Std of cost-push shock Persistence of cost-push shock Inﬂation bias Stabilization bias



The two features thus imply that the reputation-building effect, when strong enough, could dominate the accommodating and the anchoring effects of imperfect credibility and reduce the optimal inﬂation if the central banker has a lower ρt.12 We will see that this possibility is a very real one, when we explore various scenarios below. Several parameters crucially determine the importance of the reputation-building effect relative to the other two effects of imperfect credibility: the variance of implementation error ðσ 2ε Þ, the replacement probability (q), the transmission of reputation from one central banker to the next (λ), the term length (N), the time preference (β), and the inﬂation bias (μ). The variance of implementation error σ 2ε affects the elasticity of reputation with respect to the current inﬂation action. The reputation-building effect is relevant only when σ 2ε takes intermediate values. In the case of a very large σ 2ε , reputation becomes insensitive to changes in at because realized inﬂation contains little information about the central banker's type. When σ 2ε is very small, any deviation of at from αt will reveal the central banker's type, so that the inﬂation action need not deviate much from its optimal level in the constant credibility case for the central banker to build his reputation. The beneﬁt of an improved reputation (the term in the square brackets in (15)) decreases in q but increases in λ, N, and β. A lower q or a higher λ increases the beneﬁt because the central banker's reputation will become more important for anchoring the inﬂation expectations formed in the last period of each term. Within a term, the beneﬁt of an improved reputation can be obtained iteratively:     ∂W t ρt ; ηt ; ςt ∂ρt þ 1 ∂Et W t þ 1 ρt þ 1 ; ηt þ 1 ; ςt þ 1 ¼ ηt ½at  αt  þ βEt : ð17Þ ∂ρt ∂ρt þ 1 ∂ρt When iterating backwards to the early stage of the central banker's term, as long as β 4 0, the beneﬁt of reputation will accumulate. By the same token, when the central banker has more periods to look forward to in his term (higher N), the beneﬁt of an improved reputation will increase. A higher β reduces discounting of future beneﬁts and therefore increases the accumulated beneﬁt of an improved reputation. Finally, the inﬂation bias μ determines the inﬂation actions of the alternative type αt, and therefore affects both the elasticity of reputation with respect to at and the beneﬁt of an improved reputation.



3. Quantitative results This section displays the reputation-building effect on the optimal policy in a calibrated version of the model. We ﬁrst show the transitional dynamics for a newly appointed central banker in the absence of shocks, followed by the impulse responses to the cost-push shock and the implementation error. We then present a simulation exercise to illustrate the quantitative importance of the reputation-building effect. Finally, we perform a comparative statics analysis on how the reputation-building effect varies with important parameters in the model. 3.1. Calibration The benchmark calibration uses parameter values that are summarized in Table 1. One period is one quarter in our calibration. The term length N is 4 years, as it is for the Chair of the Federal Reserve.13 λ is assumed to be 0.5 so that there is 12 Faust and Svensson (2001) also derive the optimal monetary policy with imperfect credibility and private agents' learning. However, private agents in their model learn about the unobserved employment target of the central banker so that the learning rule is linear. As a result, the reputation building effect is independent of the central banker's current reputation and cannot dominate the accommodating effect. 13 The values of J ( ¼ 2) and q ( ¼0.2) only extend the expected term duration beyond the term length and are therefore not crucial for the qualitative features of our numerical results.
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ρ1 Fig. 1. Optimal inﬂation action in t ¼1. The solid line is the optimal inﬂation (percent per year) when the private sector is learning about the central banker's type. The dotted line is the optimal inﬂation (percent per year) without private sector learning, i.e. the credibility is exogenous and constant.



some continuity in the monetary policymaking despite a change of chairs. The time discount factor β implies a steady-state interest rate of about 2% annually. fh; x ; κ; βg imply an annual inﬂation bias equal to 2%. The parameters fh; x ; κg are chosen in such a way as to be consistent with the microfoundation of the central banker's objective as a second-order expansion of the representative consumer's utility (Gali, 2008) and the estimated Phillips curve using a marginal cost proxy (Gali and   Gertler, 1999). As shown in Appendix B, there is a mapping from the structural parameters of our model, h; x ; κ; β , to the parameters of the underlying economy: the elasticity of marginal cost with respect to the output (A¼2); the demand elasticity ðϵ ¼ 10Þ; and the probability that a ﬁrm is able to reoptimize its nominal price each period ð1  θ ¼ 0:25Þ.14 Finally, we assume the implementation error follows a normal distribution with a standard deviation equivalent to 2% annually, matching the empirical evidence documented by Roger and Stone (2005). The cost-push shock is modeled as a Markov chain: ςt ¼ ςt  1 with probability δ and ςt ¼ ξt with probability 1 δ, where the persistence parameter δ ¼ 0:9 and the innovation ξt is uniformly distributed over ½  ς~ ; ς~  with the standard deviation σ ξ ¼ 0:5% quarterly.15 3.2. Transitional dynamics This subsection studies the effects of imperfect credibility on the optimal inﬂation plans of a newly-appointed central banker who does not have preexisting commitments, i.e., η1 ¼ 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. Fig. 1 (solid line) shows the optimal inﬂation action in the ﬁrst period when a newly-appointed central banker takes ofﬁce.16 The dotted line represents the optimal inﬂation action in the case of constant credibility. The difference between the two lines captures the reputation-building effect. Notice that while the dotted line decreases with ρ1 due to the accommodating effect of imperfect credibility, the reputation-building effect is strong enough to overturn the pattern of the optimal inﬂation when ρ1 is not too low. As a result, the solid line increases with ρ1 for ρ1 4 0:1. Because there is no preexisting commitment for a newly appointed central banker, i.e. η1 ¼ 0, the anchoring effect is absent from Fig. 1. The optimal inﬂation action in t ¼1 then determines endogenously the strength of the anchoring effect in t¼2 and how it evolves afterwards. Fig. 2 plots the entire path of the optimal inﬂation action in the ﬁrst term of a newlyappointed central banker, together with the implied output and reputation. The transitional dynamics with 5 different levels of initial credibility (ρ1) are plotted: 1(‘n’),0.75(‘▵’),0.5(‘⋄’),0.25(‘▽’), 0(‘o’). The cases with ρ1 ¼ 1 and ρ1 ¼ 0 correspond to the standard solution under full commitment and discretion, respectively. As is well known, the full commitment solution in the NK model implies an initial interval of high but declining inﬂation, 14 A ¼2 is consistent with a log utility of consumption and a unitary Frisch elasticity of labor supply. Common values for ϵ in the literature range between 6 and 11. We set it to 10, implying a gross markup of around 1.11. θ ¼ 0:75 implies an average price duration of one year, as in Nakamura and Steinsson (2008). 15 Values for the standard deviation of the cost-push shock found in the literature range from 0.2% as in Debortoli and Nunes (2014), to 0.8% as in Matthes (2015), to 1.3% as in Schaumburg and Tambalotti (2007). There is even less agreement about the value of δ, varying from 0 as in Rabanal and Rubio-Ramirez (2005) to 0.96 as in Ireland (2004). We thus pick intermediate values that are reasonably standard for these two parameters. 16 The plotted optimal inﬂation function is conditional on η1 ¼ 0, ς1 ¼ 0, and ρ1 A ½0:01; 1:
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Fig. 2. Transitional dynamics. Panel A: policy action (mean inﬂation) is percent per year. Panel B: output is in percent deviation from distorted steady state. Panel C: reputation is the private sector's belief that a committed central banker is in place.



sometimes called “start-up inﬂation”. The anticipated reduction in inﬂation stimulates real economic activity, which is desirable because a zero output gap is inefﬁciently low ðx 4 0Þ.17 The solution under discretion is associated with a constant inﬂation bias in each period, which is, by construction, the inﬂation action of the alternative type. Turning to the cases with interior values of initial credibility ðρ1 ¼ 0:75; 0:5; 0:25Þ, ﬁrst notice that the initial interval of high inﬂation in the case of ρ1 ¼ 1 is mitigated or even reversed. All paths begin with an inﬂation action below the one with ρ1 ¼ 1 followed by disinﬂationary actions that lead to periods of negative inﬂation before returning to zero inﬂation. This pattern is entirely driven by the reputation-building effect because, as the dotted line in Fig. 1 shows, the accommodating effect only exaggerates the start-up inﬂation. The restrictive inﬂation actions taken at the beginning of the term lead to a steadily improving reputation in Panel C and periods of a negative output gap in Panel B, consistent with the “cold turkey” approach to disinﬂation that was advocated by Sargent (1982, 1983). Also notice that the path of inﬂation with lower initial credibility lies below the one with higher initial credibility. This is because a low expected inﬂation is needed to mitigate the output loss from reputation building when initial inﬂation is low. Anchoring expected inﬂation requires promising low inﬂation and delivering on that promise. Our model thus addresses the debate on optimal inﬂation with imperfect credibility. Most papers in the literature predict that central banks with low credibility are more accommodative in setting their inﬂation path.18 Our model suggests that, when reputation building is important, a central bank capable of commitment, but with a low credibility, should follow a more restrictive policy.



17 It is also well known that zero long-run inﬂation is optimal under full commitment, but the optimal inﬂation in Panel A with ρ1 ¼ 1 increases slightly towards the end of the ﬁrst term. This unconventional feature is driven by the positive replacement probability q, which is essentially the credibility measure in the quasi-commitment model by Schaumburg and Tambalotti (2007). A higher q reduces the credibility of the committed inﬂation plan to be implemented in the ﬁrst period of the second term, which leads to higher inﬂation in t¼ N due to the accommodating effect. The effect, however, is modest. 18 Faust and Svensson (2001), Schaumburg and Tambalotti (2007), and Debortoli and Nunes (2014).
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Fig. 3. Impulse response to a persistent (0.9) cost-push shock (one percent annually). All variables are plotted as deviations from the transitional dynamics.



3.3. Dynamic response to shocks This subsection studies how reputation building inﬂuences the optimal response of inﬂation to shocks in the economy. In particular, we consider two classes of shocks: cost-push shocks and implementation errors.



3.3.1. Cost-push shocks A classic question in the NK literature and in practical policy analysis is how a central bank should respond to an energy price shock. In the context of our model, we can interpret the cost-push shock ςt to the Phillips curve as such a shock. According to the Phillips curve (2), a positive cost-push shock decreases output if the current and expected inﬂation are held ﬁxed. Since the cost-push shock is realized before the inﬂation action, the central banker can mitigate its contractionary effect by raising the contemporaneous inﬂation (“accommodating”) or, if he has positive credibility, by promising low inﬂation in subsequent periods (“anchoring”). Fig. 3 plots the impulse response (i.e. deviations from the transitional dynamics shown in Section 3.1) to a persistent (δ ¼ 0:9) cost-push shock using the benchmark calibration. The shock takes place in period t¼1 with a magnitude of one percent annually (0.25% quarterly). The full commitment solution ðρ1 ¼ 1Þ takes the form of “ﬂexible price-level targeting”: the inﬂation response is ﬁrst positive and then negative, and there is no long-term effect of the cost-push shock on the price level. In the full discretion solution ðρ1 ¼ 0Þ, however, the optimal inﬂation policy is a form of “ﬂexible inﬂation targeting”. The path of inﬂation reﬂects the persistence of the shock and implies a total 1.13% increase in price level over four years. Comparing the two solutions highlights how the leverage over expected inﬂation enables the smoothing of the cost-push shock's effects. In the case of ρ1 ¼ 1, not only does the inﬂation respond less in period t ¼1, but output also drops less before returning gradually to the normal level.
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Therefore, one might conjecture that a lower initial credibility ρ1, which reduces the central banker's leverage over inﬂation expectations, should imply a fuller accommodation of the cost-push shock and in turn shift the optimal policy from “ﬂexible price-level targeting” to “ﬂexible inﬂation targeting”. However, Panel A in Fig. 3 shows that the central banker with a lower initial credibility is less accommodating in the early stage of the term. This unconventional policy prescription, similar to the start-up inﬂation in the transitional dynamics, is driven by the reputation-building effect. When the private sector is learning about the central banker's type, the cost-push shock provides a good opportunity for the committed central banker to differentiate himself from the alternative type since the alternative type is very accommodative of the shock (the case of ρ1 ¼ 0). The reputation-building effect is stronger if the central banker has a weaker reputation. Hence, when the reputation-building effect is strong enough, it dominates the accommodating effect so that the central banker with a lower initial credibility takes less accommodative inﬂation actions to improve his reputation more rapidly (Panel C). As a result, he bears a more severe output loss initially but a milder one afterwards (Panel B). Notice that after a few periods of rapid improvement in reputation, the reputation-building effect weakens and is dominated by the accommodating effect of imperfect credibility. The optimal inﬂation policy by the central banker with a weaker reputation thus becomes more accommodative in the later stage of the term. The entire path of optimal inﬂation implies nearly no change in price level in the cases of ρ1 ¼ 0:75 and 0.5, and an increase in price level of about 0.11% in the case of ρ1 ¼ 0:25.



3.3.2. Implementation errors An implementation error in our model means that the central banker misses his announced inﬂation target. Should the central banker accommodate the deviation or should he reverse it, or should he let bygones be bygones? Fig. 4 plots the impulse response to a one-time implementation error using the benchmark calibration. The implementation error εt is assumed to occur only in period t¼1 with a magnitude of one percent annually (0.25% quarterly). To interpret this ﬁgure, it is important to bear in mind two features of our model. First, there is no reaction of optimal inﬂation in period t ¼1 since the policy action is taken before the implementation error. Second, according to the Phillips curve (2), a positive implementation error increases output if the expected inﬂation is held ﬁxed. In the full commitment solution (the case of ρ1 ¼ 1), the implementation error is optimally accommodated by the central banker's promising and delivering higher-than-average but declining inﬂation. The optimal policy makes the effects of the one-time shock persist, resulting in a 0.1% increase in price level in addition to the original 0.25% increase from the shock. This optimal accommodation is to smooth the real effect of the one-time shock as the anticipated reduction in inﬂation stimulates real economic activity, similar to the effect of “start-up inﬂation”. In the full discretion solution (the case of ρ1 ¼ 0), however, the optimal response to the implementation error is to let bygones be bygones. The optimal inﬂation does not respond to the missed target and the real effect of the implementation error is concentrated in the period when the shock occurs. Next we turn to the cases with interior values of initial credibility ρ1. Compared with the full commitment case, the optimal inﬂation responds to the positive deviation from the target by less initially and then involves a protracted period of negative inﬂation. The optimal response with imperfect initial credibility is the outcome of two effects. One is the anchoring effect working through the expected inﬂation, similar to the full commitment case. The central banker smooths the expansionary effect of the shock by promising and delivering higher inﬂation in subsequent periods. However, the lessthan-perfect credibility reduces the leverage that the central banker has over expected inﬂation and in turn reduces the anchoring effect. The weakened anchoring effect (a lower initial credibility ρ1) thus implies a more restrictive but still positive inﬂation response to the implementation error. The protracted period of negative inﬂation stems from the reputation-building effect. Under Bayes' rule (6), a positive surprise to the inﬂation outcome results in a downward revision of the private sector's belief that the central banker is the committed type (Panel C). This deterioration in reputation prompts the central banker to rebuild reputation by taking low inﬂation actions to further differentiate his policy from the alternative type's inﬂation bias. Similar to the analysis in Section 2.5, the non-linearity of Bayesian learning implies that the central banker with a lower initial credibility has a stronger incentive to rebuild reputation as long as ρ1 is not too low. A lower initial credibility thus leads to a longer period of deeper negative inﬂation. Following the original inﬂation shock with a magnitude of 0.25%, the overall effect of the optimal inﬂation response is an additional 0.08% increase in price level in the case of ρ1 ¼ 0:75; nearly no additional change in price in the case of ρ1 ¼ 0:5; and a 0.11% drop in price level in the case of ρ1 ¼ 0:25. In other words, it is optimal to accommodate the deviation when the initial credibility is high but to partially reverse the deviation when the initial credibility is low. The reputation-building effect shifts the optimal policy from “ﬂexible inﬂation targeting” towards “ﬂexible price-level targeting”. The cost of rebuilding reputation is reﬂected in the protracted recession following the initial stimulation of real economic activity by the implementation error (Panel B). The recession runs deeper and lasts longer when the initial credibility is lower.
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Fig. 4. Impulse response to a one-time implementation error (one percent annually). All variables are plotted as deviations from the transitional dynamics.



3.4. Stochastic simulation To assess the quantitative importance of the reputation-building effect, we compare the statistical properties of the inﬂation and the output gap in models with and without the reputation-building effect in a simulation exercise.19 In particular, we compute the volatilities and the (ﬁrst-order) autocorrelations of the inﬂation and the output gap in three models which differ only in their assumptions about the committed type's policy rule: (a) the central banker optimally builds his reputation as in our baseline model; (b) the central banker ignores the effect of his actions on the private sector's learning, but is correct in his modeling of the stochastic process for ρ;20 and (c) the central banker with imperfect credibility behaves as if he has full credibility, i.e., he adopts the full commitment solution. We then plot the volatilities and the autocorrelations against different levels of initial credibility (ρ1 A ½0:01; 1) in Fig. 5. The cases (a), (b) and (c) are represented by the solid lines with no marking, with ‘o’, and with ‘n’, respectively. We assume that the private sector is learning in all scenarios and is aware that the committed central banker follows the optimal or assumed suboptimal policy. The results on time series statistics reinforce the message from the “event studies” in the prior subsections: policy concern about reputation building leads to very different outcomes. If the central banker ignores the effect of his actions on the private sector's learning (solid line with ‘o’), his inﬂation policy is less volatile than the optimal one in the baseline model, whereas the implied output gap is much more volatile. As for the autocorrelation, both the inﬂation and the output gap are less persistent than their counterparts in the baseline model. The difference between the two cases is the largest at low (but not too low) levels of initial credibility ðρ1 A ½0:1; 0:4Þ, where the reputation-building effect is the strongest. 19 We simulate the model 1000 times using the benchmark calibration and assume that the committed type is in ofﬁce for two terms ex post (the exante replacement probability for the second term is still q). We then compute the statistical properties of the inﬂation and the output gap over the two terms (8 years) and report their average values across simulations. If we allow for turnover after the ﬁrst term, the effect of reputation building will be even larger because the reputation of the departing central banker is only partially inherited by the newly appointed one, who in turn has to build his own reputation in the second term. 20 In this case, we assume that the central banker takes his current level of credibility as exogenously given.
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Fig. 5. Volatilities and autocorrelations as functions of the initial credibility. The solid line with no markings represents the baseline model in which the optimal policies take into account the reputation-building effect. The solid line with circles represents the case in which the central banker ignores the effect of his actions on the private sector's learning, but is correct in his modeling of the stochastic process for the credibility. The solid line with stars represents the case in which the central banker with imperfect credibility behaves as if he has full credibility, i.e., adopting the full commitment solution.



When the central banker completely ignores the imperfect credibility and adopts the optimal inﬂation policy under full commitment (solid line with ‘n’), his chosen inﬂation is more volatile than its counterpart in the baseline model. The more volatile inﬂation does not help to smooth the real economy as there is no obvious reduction in the volatility of the output gap compared to the baseline model. Turning to the autocorrelation, ignoring the imperfect credibility makes both the inﬂation and the output gap more persistent than their counterparts in the baseline model. Notice that the difference between the two cases increases when the initial credibility is lower. 3.5. Comparative statics Section 2.5 discusses how the strength of the reputation-building effect varies with parameters in the model. To see how it is manifested in the equilibrium dynamics, we study the comparative statics with respect to the replacement probability q in this subsection.21 Figs. 6–8 plot the transitional dynamics and the impulse responses to shocks for different values of q, conditional on the initial credibility's being 0:25. The solid line with ‘▽’ is from our benchmark calibration (q¼0.2). The solid lines with squares and pentagrams correspond to the cases of q ¼0.5 and 0.8, respectively. We also plot the full commitment solution (‘n’) and the full discretion solution (‘o’) for reference. We ﬁrst look at the transitional dynamics in Fig. 6. A higher value of q shifts the entire path of inﬂation up because a good reputation at the end of the term becomes less valuable when the replacement probability increases. This then weakens the 21 The comparative statics with respect to the term length (N) is similar and is available upon request. In Appendix D, we also report the comparative statics with respect to μ, the inﬂation bias of the alternative type of central banker.
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Fig. 6. Comparative statics: Transitional dynamics with initial credibility equal to 0.25. Panel A: policy action (mean inﬂation) is percent per year. Panel B: output is in percent deviation from distorted steady state. Panel C: reputation is the private sector's belief that a committed central banker is in place.



central banker's incentive to build his reputation early on. As a result, the reputation grows more slowly (Panel C) and the output loss is more backloaded (Panel B) when q increases. Notice that although the effect of reputation building weakens, it is still strong enough to dominate the accommodating and anchoring effects of imperfect credibility so all three paths of inﬂation lie below the full commitment solution. Fig. 7 plots the impulse response to a persistent cost-push shock. The effect of a higher q on the inﬂation path is exactly the opposite of the transitional dynamics. When q increases, the inﬂation becomes less accommodative of the cost-push shock, which leads to a larger gain in reputation by the end of the term. This result stems from the fact that building a reputation is easier when the cost-push shock hits since the alternative type is very accommodative of the shock. As a better reputation is always desirable, when building a reputation becomes easier, we would expect a convergence of reputation across different values of q. In other words, the central banker who originally invests less in reputation can take better advantage of the cost-push shock to catch up on his reputation building. The prediction that a higher replacement probability makes inﬂation less accommodating of the cost-push shock differentiates our model from those in which imperfect credibility is ﬁxed exogenously. In Schaumburg and Tambalotti (2007), for example, a higher replacement probability reduces the credibility of the committed policy, making it more accommodating of the shock. Finally, we turn to the impulse response to a one-time implementation error (Fig. 8). Recall that a positive implementation error causes an initial deterioration of reputation. The incentive to rebuild reputation leads to a protracted period of negative inﬂation and output loss. When the replacement probability q increases from 0:2 to 0:5, the incentive of rebuilding reputation weakens, so the inﬂation is less negative and the output loss is less severe. When q takes the high value of 0.8, the committed central banker completely loses his incentive to rebuild reputation. Instead, he raises the inﬂation even above the full commitment solution to trade his reputation in exchange for a more sustained output boom following the initial stimulation by the implementation error, at the cost of a deeper recession in the later stage of the term.
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Fig. 7. Comparative statics: Impulse response to a persistent (0.9) cost-push shock (one percent annually) with initial credibility equal to 0.25. All variables are plotted as deviations from the transitional dynamics.



To sum up, when the replacement probability q increases, inﬂation will be higher in the absence of shocks, less accommodative of a cost-push shock but more accommodative of a missed inﬂation target.



4. When does the reputation-building effect dominate? How robust are the numerical results in the previous sections to parameter speciﬁcations other than our benchmark calibration? In other words, when does the reputation-building effect dominate the accommodating and anchoring effects of imperfect credibility in shaping the optimal inﬂation plans? We learned from Section 2.5 that the reputation-building effect is dominant when the start-up inﬂation for a newlyappointed central banker increases with his initial credibility. Because we do not have a closed-form solution to the model, we use numerical solutions to explore the parameter space in which the optimal inﬂation plan a1 increases with reputation over a range of ρ1. We compute the model assuming J ¼1, N ¼16, and λ ¼ 0 since J 4 1, N 4 16, or λ 40 will only make the   reputation-building effect stronger.22 Similar to Section 3.1, we choose the structure parameters h; x ; κ; β as a mapping   from the parameters of the underlying economy, A; ϵ; θ; β , so that our model parameters are consistent with the microfoundation of the central banker's objective and the estimated Phillips curve. We search the literature for commonly used   values of A; ϵ; θ; β and report their boundaries in Table 2, which also presents the grids of parameter values for which we compute the model.23 The annual inﬂation bias implied by those parameter values ranges from 1.6% to 11.1%. 22 23



According to Frisell et al. (2006), the term length of governor for most central banks is 4 years or longer. The robustness results are not sensitive to the parameters of the cost-push shock so we use σ ξ ¼ 0:5% and δ ¼ 0:9 in all parameter speciﬁcations.
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Fig. 8. Comparative statics: Impulse response to a one-time implementation error (one percent annually) with initial credibility equal to 0.25. All variables are plotted as deviations from the transitional dynamics.



Conditional on each speciﬁcation of parameter values, we look for the interval of σ ε within which a1 increases with ρ1 over a range of ρ1. The interval of σ ε is chosen within the range of [0.4%,1%], which is equivalent to [0.8%,2%] annually, covering the empirically relevant range documented by Mishkin and Schmidt-Hebbel (2007) and Roger and Stone (2005). We ﬁnd that in almost all parameter speciﬁcations, when σ ε A ½0:4%; 1%, a1 increases with ρ1 over an interval of ρ1 with a width no smaller than 0.3.24 The interval of ρ1 varies with the parameter speciﬁcation and we report these intervals conditional on σ ε ¼ 0:4% and 1% in Appendix E. We can conclude that over a large parameter space that is empirically relevant, the reputation-building effect plays an important, if not dominant, role in shaping the optimal inﬂation plans of the committed central banker.



5. Conclusions This paper studies the optimal committed monetary policy when the private sector has imperfect information and has to learn about the central banker's ability to commit from observed inﬂation. The central banker's optimal policy takes into account the implications of inﬂation outcomes for the updating of private sector's beliefs and involves an investment in the reputation for being able to commit. We show how this reputation building shapes the optimal committed policy after taking into account other standard effects of imperfect credibility on monetary policy.







24 There are only four exceptions out of a total of 144 parameter speciﬁcations where a1 increases with ρ1 when σ ε A ½0:4%; 1%. They are    A ¼ 1; ϵ ¼ 8; θ ¼ 0:8; β ¼ 0:99 and 0:995 and A ¼ 1; ϵ ¼ 7; θ ¼ 0:8 and 0:85; β ¼ 0:99 .
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Table 2 Parameter space.



A ϵ θ β



Grid



Lower bound



Upper bound



f1; 2g f6; 7; 8; 9; 10; 11g f0:6; 0:65; 0:7; 0:75; 0:8; 0:85g f0:99; 0:995g



1 in VZW (2011) 6 in CEE (2005) 0.6 in CEE (2005) 0.99 in Yun (2005)



2 in Yun (2005) 11 in Yun (2005) 0:85 ð4 0:83 in GG 1999Þ 0:995 ð4 0:9926 in CEE 2005Þ



Note: VZW (2011) refers to Van Zandweghe and Wolman (2011); CEE (2005) refers to Christiano et al. (2005); GG (1999) refers to Gali and Gertler (1999).



We ﬁnd that when the reputation-building effect is strong, it signiﬁcantly alters the conventional policy prescriptions with commitment. A newly appointed central banker should resist the temptation to stimulate output with initially high but declining inﬂation. In face of a cost-push shock, the central banker should adopt a less accommodative inﬂation response than a full commitment solution suggests. When the actual inﬂation rate deviates from its promised target, the central banker should reverse the deviation by promising and delivering an interval of lower-than-average inﬂation, rather than accommodating it. The effect of building a reputation is also quantitatively important as the inﬂation and the output gap exhibit very different statistical properties in models with and without the reputation-building effect. Moreover, we ﬁnd that over a large parameter space that is empirically relevant, the reputation-building effect is strong enough to make the aforementioned features hold. Our focus in this paper has been on issues of imperfect credibility that are plausibly relevant to the 1970s through the early 2000s, in that we examined disinﬂation dynamics and stabilization policy. However, recent events in advanced economies have generated new challenges for the world's central banks in terms of both monetary and banking policies. In particular, the difﬁculty of conducting monetary and banking policies at the zero lower bound and the ongoing challenges to the European monetary system are clearly very different from the problems confronting central banks in the 1980s. Nevertheless, we view issues of imperfect credibility as central to each of these more recent developments, and thus, these issues also motivate our research on the design of the optimal policy in settings that feature private sector skepticism.
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