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Introduction There appears to be widespread consensus among economists that inflation expectations are self-fulfilling. For example, in the New-Keynesian sticky-price model, which is extensively used to analyze monetary policymaking, present inflation depends on expected next-period inflation. This implies that a policymaker that is able to restrain expectations of forthcoming inflation, can achieve a lower increase in the present price level than a policymaker that has no impact on the public’s beliefs. More specifically, Kydland and Prescott (1977) and Barro and Gordon (1983) show that if a central bank could credibly commit to a plan of action for all future periods, and thereby shape expectations of all future policy, it would achieve its objectives to a greater extent, whatever these may be, than when it decides these in a discretionary manner. However, as these authors also show, such commitments are not time-consistent, and therefore not credible, because policymakers have incentives to deviate from the optimal plan from any previous period.



We are, in the present paper, interested in studying how the gains from commitment depend on how many periods ahead a central bank commits, and the degree of credibility such commitments have. That is, we are interested in studying the gains from incomplete or imperfect commitments. There are at least two ways in which commitments can be imperfect relative to the standard commitment solution: the commitment might not be perfectly credible, and it might not stretch as far as to
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include all future periods. We distinguish between commitment streaks, in which the central bank every so often commits to a new plan of deterministic or stochastic duration, and continuous commitments ahead, or implementation delays, in which the central bank in every period commits to the policy that it will implement a certain number of periods later. By varying the likelihood that the public, and possibly also the bank, assigns to these commitments being fulfilled, we can see how the gains from such promises depend on their credibility. In this respect, an important distinction turns out to be whether or not the central bank itself believes that there is a chance that it might deviate from the promised path.



In a standard New-Keynesian sticky-price model, we find that a policymaker with any positive level of credibility can reap all the gains from commitment by continuously committing just one period ahead, or through commitment streaks of any stochastic duration, as long as both the bank and the public perceive the likelihood of deviations to discretion to be the same. Even policymakers with next to no credibility can, in this case, make expected future policy match the perfect-credibility once-and-for-all commitment solution exactly, by committing to implement whatever policy it takes to curve expectations in this way. When the probability the policymakers and public assign to a commitment being carried out differ, which we take to the extreme of the central bank assuming it will never deviate, reaping any substantial gains from commitment requires a relatively high credibility. Alternatively, it
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requires a commitment streak of at least 3 periods, that is, 9 months in our quarterly model, which in turn requires a relatively high credibility.



We do not propose any commitment mechanism that would enable a central bank to bind itself to follow the path that it promises, thus making its promises perfectly credible. We do not even propose any mechanism that would attribute some degree of credibility to its promises.1 Instead, we take such mechanisms as given, and study how a central bank can best exploit these to achieve its objectives. Apart from enabling us to better understand commitment dynamics, this exercise can also be helpful in terms of ascertaining what would be required of a commitment mechanisms in order to reap most of the gains from commitment. It might, for example, shed some light on how far ahead it needs to enable the central bank to commit, or how much credibility it needs to generate. In this respect, our results suggest that very little is required, both in terms of the credibility and horizon of the commitment, if it is possible to force the central bank to deviate from its commitments with the same probability as the public expects it to deviate.2 If, on the other hand, the commitment mechanism excludes the possibility of deviations, credibility needs to be quite high, and a commitment streak needs to have an expected duration of at least one year, to capture most of 1



Reputation builiding might, as Barro and Gordon (1983) and Rogoff (1987) propose, permit a policymaker to establish some credibility. 2 McCallum (1995) questions the feasibility of forcing a central bank to commit, arguing that such arrangements merely relocate the time-inconsistency problem. The reason is that any regulator concerned with achieving the original policy objective, including the public itself, has no incentives to punish deviations from commitment once they have occurred.
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the gains from commitment. Because our results are generated assuming that the probability of deviation to discretion is exogenous, constant and independent of the state of the economy, they must be interpreted with care. These assumptions are not very realistic, since the incentives to deviate from previous commitments depend on the contemporaneous state of the economy (the previous-period output gap in our model), and, as we show, these incentives can actually increase as credibility decreases.



Woodford (1999 and 2003) argues that a central bank would never want to commit to applying a particular policy equation forever, even if it could do so credibly, because the equation that it would want to promise would depend on the bank’s model of the economy, which is likely to change over time. This implies that while policymakers have incentives to deviate from short-run promises, just as they have for long-run promises, a short-term commitment can be more credible, since it allows adjusting policy, without breaking previous promises, as their understanding of the economy evolves. This sort of adjustments cannot be carried out without breaking a once-andfor-all commitment to a particular policy equation, so such long-term commitments cannot be credible when the underlying model is unsettled and subject to change. In this respect, our results are encouraging, in that they suggest that making changes to the inflation target become effective just one period after their approval is sufficient to achieve optimal commitment. The reason is that with an inflation-targeting equation
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that does not respond to contemporary values of endogenous variables, present inflation and output depend only on next-period inflation expectations. Hence, a credible announcement of inflation targets just one period prior to being implemented is sufficient to capture all the expectational effects that make commitment superior to discretion. With a period being defined as the frequency at which firms can change prices in the Rotemberg (1982) version of the model, a period can be shorter than a day, or even an hour. At such frequencies, it might even be possible to achieve the time-inconsistent solution simply by making policy meetings open to the public, so that firms have a chance to adjust prices before a new policy is implemented.



The next section introduces the New-Keynesian sticky-price model, a framework commonly applied when analyzing monetary policy. The third section shows that with perfect credibility, the optimal inflation-targeting policy with continuous oneperiod-ahead commitments is identical to the optimal once-and-for-all commitment solution. The fourth section studies such commitments with imperfect credibility, distinguishing between whether or not the central bank itself believes it might deviate. The fifth section looks at commitment streaks, both of deterministic and stochastic duration.
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Model The so-called New-Keynesian Phillips curve



π t = βEt π t+1 + αyt + ut



(1)



relates present inflation π t to the contemporaneous output gap yt and a white noise cost-push shock ut , as well as the expected next-period rate of inflation Et π t+1 , where β ∈ (0, 1) and α > 0 are assumed to be known constants.3 This Phillips curve is derived assuming monopolistic competition and quadratic menu costs by Rotemberg (1982).4 In this setting, Rotemberg and Woodford (1999) and Woodford (2003) show that minimizing the welfare loss due to menu costs at any time t = 0 can be accomplished by minimizing E0



∞ X



β t π 2t + ωyt2







(2)



t=0



where ω > 0 is a known constant. Consequently, a central bank should design monetary policy so as to make the expected loss in (2) be as low as possible.5



Clarida, Gali and Gertler (1999) and Woodford (1999 and 2003) show, following Currie and Levine (1993), that the optimal commitment policy for the optimization 3



The cost-push shock ut is assumed to be serially uncorrelated for expositional simplicity. An alternative derivation featuring staggered price-setting is provided by Calvo (1983). 5 Details and extensions of this model are discussed by Clarida, Gali and Gertler (1999) and Woodford (2003), among others. 4
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problem above is ω π 0 = − y0 α



(3)



ω ω π t = − yt + yt−1 , t > 0 α α



(4)



in terms of the inflation rate. This policy minimizes the objective in (2), but is not time-consistent because if the central bank reoptimized in any later period τ > 0, it would want to deviate from the rule in (4) and instead commit to implementing



ω π τ = − yτ α



(5)



ω ω π t = − yt + yt−1 , t > τ α α



(6)



When the policymaker reoptimizes in every period, the implemented policy would always be ω π t = − yt α



(7)



which, as is shown by Clarida, Gali and Gertler (1999) and Woodford (1999 and 2003), is the optimal discretionary policy. Exactly how much lower the expected welfare loss is with the commitment solution than with the discretionary one depends values of the parameters in the model, which there exists some disagreement about in the literature, in particular with respect to the values of α and ω.6 6



References.
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Combining the optimal commitment policy in equations (3) and (4) with the state equation in (1) and solving for the reduced-form solution of the inflation rate π t by the method of undetermined coefficients, we find (see appendix 1) that



ω u0 + αβρ + ω



(8)



ω ut + ρyt−1 , t ≥ 1 + αβρ + ω



(9)



π0 =



πt =



α2



α2



where 1 ρ= 2βα







 q 2 −α + βω − ω ± (α2 − βω + ω) + 4βα2 ω 2



(10)



is an alternative representation of the optimal commitment policy in (3) and (4).



Perfect credibility When the inflation-targeting equation that is implemented in any period t is



π t = h1,t ut + h2,t yt−1



(11)



where h1,t and h2,t are policy-function coefficients to be determined, the reduced-form solution for the output gap is (see appendix 2)



yt =



h1,t − 1 h2,t ut + yt−1 α + βh2,t+1 α + βh2,t+1 9



(12)



so that period-t inflation and output depend only on the period-t and t + 1 policy actions, defined by [h1,t , h2,t ] and [h1,t+1 , h2,t+1 ], respectively. Hence, as we illustrate below, all the expectational effects can be captured by continuously committing just one period ahead.



To show that committing one period ahead to inflation targets of the form in (11) will make the implemented policy identical to the optimal commitment policy, assume initially that the present period is not the first one in which the central bank commits one period ahead. Then, in any period t = 0, the central bank needs to determine the inflation target to implement in period t = 1 by minimizing the objective



E0



∞ X



β t (h1,t ut + h2,t yt−1 )2 + ω



t=0







h1,t − 1 h2,t ut + yt−1 α + βh2,t+1 α + βh2,t+1



2 ! (13)



with respect to [h1,1 , h2,1 ], given the policy [h1,0 , h2,0 ] that it in the previous period committed to implementing today. While the period-1 policy [h1,1 , h2,1 ] only appears directly in the first two periods of this sum, that is, for t = 0 and t = 1, it affects all future periods due to yt−1 ’s dependency on y−1 through (12), which implies that



yt−1 =



t−1 X i=0



h1,i − 1 α + βh2,i+1



t−1 Y



h2,j α + βh2,j+1 j=i+1



!



t−1 Y



h2,j ui + y−1 α + βh 2,j+1 j=0



! (14)



Thus, in addition to being contingent on the present-period policy [h1,0 , h2,0 ], the opti-
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7 mal one-period-ahead commitment [h1,1 , h2,1 ] depends on all future policy {h1,t , h2,t }∞ t=2 .



Since our goal is to show that the commitment rule in equation (9) is a solution to the present problem, we can assume that policy in all future periods is constant, so that [h1,t , h2,t ] = [h1 , h2 ] for all t > 1, and minimize (13) with respect to [h1,1 , h2,1 ] for any given [h1,0 , h2,0 ] and [h1 , h2 ]. The resulting first-order conditions yield (see appendix 3) h1,1 =



h2,1



βh22 + ω (α + βh2 )2 + ω



ω (α + βh2 )2 − βh22  = α (α + βh2 )2 + ω



(15)  (16)



which illustrate that the optimal [h1,1 , h2,1 ] depend on future policy [h1 , h2 ], but are independent of the presently implemented policy [h1,0 , h2,0 ]. Since the optimal period1 policy [h1,1 , h2,1 ] is independent of the conditions, u0 and y−1 , and policy, [h1,0 , h2,0 ], that happen to prevail at the time this policy is determined, the same will be true at any other time the central bank commits ahead, so the optimal one-period-ahead commitment policy will be constant over time in terms of the coefficients [h1,t , h2,t ]. Thus, assuming that the period-t policy was, and will be, determined in the same way as the period-1 policy, for t = 0, 2, 3, ..., we have [h1 , h2 ] = [h1,1 , h2,1 ]. Imposing 7



The optimal next-period policy [h1,1 , h2,1 ] actually depends on the expected future policy, but due to the nature of the policy problem it is possible to anticipate exactly what policy will be applied in the future.
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this equality in the first-order conditions in (15) and (16), yields (see appendix 3)



h1 =



2αω − (α2 − βω + ω) ρ α (α2 + βω + ω) + β (α2 + βω − ω) ρ



h2 = ρ



(17)



(18)



where ρ is defined in equation (10) above, making the optimal inflation-targeting policy πt =



2αω − (α2 − βω + ω) ρ ut + ρyt−1 α (α2 + βω + ω) + β (α2 + βω − ω) ρ



(19)



in every period, when the central bank credibly commits one period ahead in every period. The coefficient on the lagged output gap is obviously the same as in the commitment rule in (9), and one can show that the coefficients associated with the shock ut are also the same for the value of ρ given in (10) (see appendix 3), so that the optimal continuous one-period-ahead commitment policy is the same as the optimal commitment rule.



When period t = 0 is the very first in which the central bank commits one period ahead, it needs to determine and implement the present-period policy, [h1,0 , h2,0 ], in addition to deciding what policy to announce for the following period, [h1,1 , h2,1 ], by minimizing the objective in (13) with respect to {h1,t , h2,t }1t=0 . Since we found the optimal [h1,1 , h2,1 ] to be as in equations (17)-(18) independently of [h1,0 , h2,0 ], the only thing that remains is to determine the optimal [h1,0 , h2,0 ]. This choice depends on all 12



future policy actions {h1,t , h2,t }∞ t=1 , but exploiting that the optimal policy in periods t = 2, 3, 4, ..., will be the inflation-targeting rule in (19), as was determined above, the first-order conditions yield (see appendix 4) the policy



π0 =



βρ2 + ω u0 (α + βρ)2 + ω



(20)



for the initial period. As above, one can show that equations (8) and (20) are identical for the ρ given by equation (10) (see appendix 4), so that if the central bank started committing one period ahead in t = 0, the implemented policy would be identical to the optimal commitment policy in (8)-(9), which implements the same dynamics as the optimal commitment policy in equations (3)-(4). Thus, in the present setup it is not necessary to make a once-and-for-all commitment to applying a particular policy in all future periods to achieve the optimal (time-inconsistent) solution, it is sufficient to continuously commit just one period ahead. There are no gains from committing further ahead.



Since the optimal policy of the form in equation (11) yields the optimal commitment policy, it is not possible to improve upon it by applying a different functional form, so it is indeed the optimal one to apply when committing one period ahead. If instead, the inflation target were defined in terms of the output gap, as in



π t = g1,t yt + g2,,t yt−1 13



(21)



period-t inflation and output would depend not only on the policy implemented in periods t and t+1, [g1,t , g2,t ] and [g1,t+1 , g2,t+1 ], but also on that implemented in all later periods, {g1,t+i , g2,t+i }∞ i=2 . Thus, the central bank would have to commit further ahead in order to capture all the gains from commitment, as figure 1 illustrates, taking the policy objective to be the unconditional expected value of the loss in (2), for α = .1, ω = .048, β = .99 and σ = .013, our standard parameter values, which Woodford (2003) proposes for a quarterly model.8 Instead of plotting the losses directly, the vertical axis of the figure measures the fraction of the gains from commitment relative to the optimal discretionary policy that this type of imperfect commitment captures as a function of the number of periods ahead the commitment goes.9 Thus, a value of zero means that the loss is the same as with the optimal discretionary policy in (7), while a value of one means that the loss is the same as with the optimal commitment rule in (4). Any intermediate value measures the fraction of the gains from perfect commitment that can be obtained with an imperfect commitment lasting only a finite number of periods ahead. As the figure shows, it would take a three-period-ahead commitment to inflation targets of the form in equation (21) to achieve the same gains as with just a one-period-ahead commitment to targets of the form in (11) for 8 We minimize the unconditional expected value of the objective in (2) instead of the original conditional objective to facilitate the computations. Appendix 5 explains the details of these. 9 To be exact, the values plotted on the vertical axis are



loss with (7) − loss with optimal policy of f orm in (21) . loss with (7) − loss with (4)
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the standard parameter values. Instead of simply pledging to implement a particular policy in the following period, the central bank would continuously have to state the policy that it would implement three periods later to achieve the same results. The figure also plots the gains from committing ahead for other values of α and ω, illustrating that all the gains cam sometimes be achieved by committing just one period ahead also with inflation targets of the form in (), while for other values it would take more than 10 periods to achieve the same. As a reminder, committing just one period ahead would reap all the gains from commitment with an inflation target of the form in (11) for all the cases in the table. The reason for having to commit further ahead with policy equation (21) is that it does not permit writing present inflation and output as a function of only present and next-period policy, but would have to include policy in later periods as well. The same is true for any rule targeting the output gap, or for any interest-rate rule, at least with the typical IS-equation



yt = Et yt+1 − b (Rt − Et π t+1 )



(22)



where Rt is the nominal interest rate and b > 0 is a known constant. Even if the central bank implements policy through its control of a nominal interest rate, or money printing, it is necessary for the commitment to be in terms of enforcing an inflation-targeting rule of the from in (11), for a one-period-ahead commitment to be
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enough to achieve the optimal time-inconsistent solution.10



Imperfect credibility In the previous section we showed that if the central bank can credibly commit one period ahead at every point in time, it can achieve the optimal commitment solution. In the present section we study how the gains from committing ahead depend on how credible such commitments are. From above we know that when the central bank continuously commits ahead to inflation targets of the form in (11), there is nothing to be gained by committing more than one period ahead, so we limit our study to one-period-ahead commitments. We need to distinguish between situations in which the central bank itself believes there is a chance it will deviate from its commitments and the case where it does not believe that it might deviate. The reason for this distinction apart from having slightly different interpretations, is that the implications, in terms of capturing the gains from commitment, are very different. The gains from commitment can be captured completely with a continuous oneperiod-ahead commitment (and thus also by continuously committing any number of 10



Committing one period ahead to an inflation target of the form in equation (11) is sufficient to capture all the gains from commitment also with a serially correlated cost-push shock ut , as is sometimes assumed. This can be verified through numerical computations, as described in appendix 5, but should not be surprising, since it would still be possible to express present inflation and output as functions of only present and next-period policy, yt =



h1,t − 1 − βφh1,t+1 h2,t ut + yt−1 α + βh2,t+1 α + βh2,t+1



when Et ut+1 = φut .
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periods ahead) as long as the probability of deviating from commitment is less than one, if the central bank itself believes it might deviate. If, on the other hand, the central bank does not believe it might deviate, capturing any significant part of the gains from commitment requires a relatively high level of credibility.



Central bank believes it might deviate To simplify computations, assume that in each period there is a constant and exogenous probability 1 − p ∈ (0, 1) that the central bank deviates from previous commitments and instead implements whatever policy is optimal at the time, while it implements the policy it committed to in the previous period with a probability p ∈ (0, 1). As in Schaumburg and Tambalotti (2007), we can imagine that policy is delegated to a sequence of policymakers with tenures of random duration, that are not bound by previous policymakers’ promises. With this interpretation, there is a probability 1 − p in each period that the tenure will end before the next period’s policy is implemented. Alternatively, we can imagine that this likelihood of deviation arises from tensions within the group that determines policy.11



Let the inflation target π t = c1,t ut + c2,t yt−1



(23)



11 Regardless of the interpretation, it is difficult to imagine that this probability would be completely independent of the policymakers’ own actions, however, this assumption simplifies the computations.
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represent the policy that the central bank commits to implement in period t, and let the inflation target π t = d1,t ut + d2,t yt−1



(24)



denote the policy that it implements in period t if it deviates, where c1,t , c2,t , d1,t and d2,t are policy coefficient to be determined optimally. From the perspective of period t, the central bank either keeps its commitment and implements the policy in (23), or it deviates and implements the policy in (24). However, from the perspective of period t − 1, the time at which the central bank commits to the one- period-ahead inflation target for period t, there is a probability p that the policy equation (23) will be implemented in period t, and a probability 1 − p that the implemented policy will be the one in equation (24). Hence, the inflation target that at t − 1 (or any period before) is expected to be implemented in period t is



π t = (pc1,t + (1 − p) d1,t ) ut + (pc2,t + (1 − p) d2,t ) yt−1



(25)



making the expected reduced-form solution of the model from the perspective of period t − 1 be equations (25) and (see appendix)



yt =



pc1,t + (1 − p) d1,t − 1 pc2,t + (1 − p) d2,t ut + yt−1 α + β (pc2,t+1 + (1 − p) d2,t+1 ) α + β (pc2,t+1 + (1 − p) d2,t+1 )



(26)



Inserting this solution into (2) yields the policy objective in any period t = 0 as a func-
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tion of the contemporary policy [h1,0 , h2,0 ] and all expected future policy {h1,t , h2,t }∞ t=1 as in (13) above. For any t > 0 we have the expected policy coefficient



hi,t = pci,t + (1 − p) di,t



(27)



for i = 1 and 2, while hi,0 equals ci,0 if period t = 0 is not the first with a oneperiod-ahead inflation target and the central bank did not deviate, and equals di,0 otherwise (no one-period-ahead inflation target was promised for period t = 0 or the central bank deviated from such a commitment). From equation (27) it is clear that the central bank can determine expected future policy {h1,t , h2,t }∞ t=1 by choosing the present and future one-period-ahead commitments {c1,t , c2,t }∞ t=1 , given the optimal deviation policies {d1,t , d2,t }∞ t=1 and the exogenous probability p. In particular, whenever p > 0 it is possible to replicate the {h1,t , h2,t }∞ t=1 values of the perfect-credibility solution, which we showed to be the optimal ones independently of the period-0 policy [h1,0 , h2,0 ]. Thus, no matter how little credibility the central bank’s one-period-ahead commitments have, these can be used to make the expected policy in any future period match the optimal commitment rule in (19) as long as the bank has some credibility.12



When period t = 0 is the first one in which a one-period-ahead inflation target 12



This result relies on the public and the central bank having the same beliefs about the probability of deviation. See the next section for an example where these probabilities differ.
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is announced, the central bank needs to choose the present-period policy [h1,0 , h2,0 ] in addition to the one-period-ahead commitment policy [c1,1 , c2,1 ]. From the previous paragraph we know that it will be optimal to choose present and future commitments ∞ {c1,t , c2,t }∞ t=1 so as to make expected future policy {h1,t , h2,t }t=1 match the optimal



commitment rule in (19). Since expected future policy will match the commitment solution in (19), the optimal initial-period policy [h1,0 , h2,0 ] will also be the same as in the optimal commitment solution, given in equation (20). By definition, equation (20), the optimal discretionary policy, is also the optimal deviation policy. In conclusion, as long as p > 0 so that the central bank has some credibility, it can achieve all the gains from commitment by continuously making one-period-ahead commitments to inflation targets of the form in (23).



If period t = 0 is not the first one in which a one-period-ahead inflation target is announced and the central bank does not happen to deviate in this period, the implemented policy will be the one that was promised



π0 =



α2



ρ ω u0 + y−1 + αβρ + ω p



(28)



which differs from the optimal commitment rule in (19). The reason is that the central bank needs to promise an equation that makes expected policy match the commitment rule, so the promised policy will differ from the commitment rule, especially for



20



low values of p.13 As a result, the expected loss in (2) can be much larger when (28) is implemented, than if the commitment rule in (19) were implemented in period t = 0. Figure 2 plots these conditional expected losses relative to the expected loss with discretion as a fraction of the gains from continuing the optimal commitment plan relative to discretion, as a function of the credibility p for different initial conditions y−1 , for our standard parameter values given above.14 The results depend on y−1 because p affects how much weight is assigned to this value (the lower p is, the larger the weight on y−1 in equation (28)). The interpretation is similar to figure 1; a value of one means that continuing the optimal one-period-ahead commitment plan does equally well as continuing the optimal commitment plan from any previous period, while a value of zero means the outcome is the same as when implementing the optimal discretionary policy in every period. Negative values imply that continuing the optimal one-period-ahead commitment plan does worse than discretion. For example, 13 As an example, imagine a central bank with imperfect credibility that commits to −20% inflation so as to make expected inflation be 2%. If it fulfills its commitment, actual inflation would be much lower than the expected level of 2%. 14 The values plotted on the vertical axis in figure 2 are



conditional expected loss with (7) − conditional expected loss with (28) . conditional expected loss with (7) − conditional expected loss with(4) The gains from credibility in the figure are measured relative to continuing the optimal commitment plan from any earlier period under perfect credibility, instead of relative to the optimal commitment plan starting in the present period. The reason is that we want to compare the situation of continuing the optimal one-period-ahead commitment plan under imperfect credibility with continuing the optimal commitment plan under perfect credibility. As Blake () and Jensen and McCallum () illustrate, the expected loss continuing the optimal commitment plan with perfect credibility can also be larger than the loss with optimal discretion for large enough values of |y−1 |. This is due to time-inconsistency and the fact that the incentives to deviate from previous commitments are larger the farther y−1 is from zero. Figure 2 shows that these incentives are also larger the lower the credibility p is.



21



a value of -5 means that the expected loss continuing the optimal one-period-ahead commitment plan is larger than the expected loss under discretion by a magnitude of five times the gains from perfect commitment relative to discretion. The gains are negative for low values of p if |y−1 | is far enough from zero, implying that the expected loss when the central bank implements a past promise and commits ahead can be larger than if it had implemented the standard discretionary solution in every period without ever making any commitments.



Summing up, a one-period-ahead commitment to an inflation target of the form in (23) would enable a central bank with any credibility p > 0, to achieve all the gains from commitment if the present period turns out to be one in which it deviates, or if y−1 happens to be zero. However, in periods in which the central bank does not deviate and |y−1 | 6= 0, a relatively high credibility p is required to achieve the same expected loss as continuing the optimal commitment plan under perfect credibility. In addition, low credibility and large values of |y−1 | can make the expected loss with one-period-ahead commitments be larger than with standard discretion. The next section assumes that the central bank believes that it will never deviate from its commitments and thus forces it to choose one-period-ahead commitments taking into account that these will be implemented in the future, instead of just selecting these so as to make expected future policy match the commitment rule in equation (19).
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Central bank does not believe it might deviate The present section assumes that the central bank itself does not believe that it will deviate, so that the constant and exogenous probability p ∈ (0, 1) only describes the likelihood the public assigns to the commitment being fulfilled, thereby being a measure of the credibility of the bank’s truthful commitment. The motivation is that present institutional arrangements in most developed countries favoring central-bank independence, make the interpretation from the previous section implausible, since it is up to the bank itself to decide whether or not it fulfills its commitments. In addition, it is not likely that policymakers would be willing to promise to implement whatever it takes to make expected future policy match the optimal commitment rule, exploiting the fact that there is a chance that it might not have to implement the promised policy, as we imagine they do in the previous section. Besides, it is doubtful that the likelihood of such deviations be large in practice, but the credibility of the bank’s commitments might still be low despite this due to time inconsistency. The present setup is probably closer to the way most central banks view their commitments; they might not completely convince the public, but the bank strives to honor them. This interpretation is taken to the extreme in the present section where the bank always implements what it promises, but the public only assigns a credibility p to these promises.



Letting (23) represent the policy that the central bank commits to implement
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and actually implements in period t, while (24) is the policy the public expects it to deviate to, which will be the optimal deviation policy, the reduced-form solution of the model is given by (see appendix) equation (23) and



yt =



c1,t − 1 c2,t ut + yt−1 α + β (pc2,t+1 + (1 − p) d2,t+1 ) α + β (pc2,t+1 + (1 − p) d2,t+1 )



(29)



where c1,t , c2,t , d1,t and d2,t are policy coefficients to be determined optimally. Inserting this solution into the objective in (2) yields



E0



∞ X



βt



t=0



(h1,t ut + h2,t yt−1 )2 + ω







h1,t − 1 h2,t ut + yt−1 e α + βh2,t+1 α + βhe2,t+1



2 ! (30)



which depends on the contemporary policy [h1,0 , h2,0 ], the policy the central bank expects to implement in future periods {h1,t , h2,t }∞ t=1 and the policy the public expects ∞  the central bank will implement in the future he1,t , he2,t t=1 .15 For any t > 0 and i = 1 and 2 we have hi,t = ci,t



(31)



hei,t = pci,t + (1 − p) di,t



(32)



and



since the central bank expects to implement exactly what it commits to, while the 15



In the cases above, the central bank and the public had the same expectations, so there was no need to distinguish between these.
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public’s expectations are a weighted average of what the bank promised and the optimal deviation policy. As for period t = 0, hi,0 equals di,0 if this period is the first with a one-period-ahead inflation target and ci,0 if a target was preannounced for this period, for i = 1, 2. From equations (31) and (32) it is clear that it is not possible to choose ci,t so as to make the objective in (30) match the one for the perfect-credibility case in (13) unless we have p = 1 so that there is perfect credibility, because otherwise it is not possible to achieve hi,t = hei,t .for i = 1 and 2.16 The optimal one-period-ahead inflation target [c1,1 , c2,1 ] in any period t = 0 depends on the policy the central bank expects to implement in all later periods {h1,t , h2,t }∞ t=2 and the policy the public expects will be implemented in all future  ∞ periods he1,t , he2,t t=1 . Hence, the optimal one-period-ahead commitment [c1,1 , c2,1 ] depends on all future one-period-ahead commitment policies {c1,t , c2,t }∞ t=2 and deviation policies {d1,t , d2,t }∞ t=1 . To simplify, we exploit the fact that the policy problem is identical in all periods (except potentially in period t = 0 since there may or may not be a previous one-period-ahead commitment for that period), so the optimal oneperiod-ahead commitment policies and deviation policies will be constant over time in terms of the policy coefficients c1,t , c2,t , d1,t and d2,t , and the same as the presently 16



When the central bank and the public have the same expectations about future policy, which occurs when both assign the same probabilities to the one-period-ahead commitments being fulfilled, we have hei,t = hi,t and the objective in (30) matches the one for perfect credibility in equation (13). In such situation the central bank can reproduce the perfect-credibility solution by choosing its commitments ci,t so as to make expected future policy match the optimal commitment rule with perfect credibility. This is not possible in the present case when p < 1, because it is impossible to make both the public’s and the central bank’s expectations match the optimal commitment rule under perfect credibility.
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optimal one-period-ahead commitment c1,1 and c2,1 and deviation policy d1,0 and d2,0 . Doing so yields the optimal one-period-ahead commitment policy (see appendix)



2ωαp − (α2 − βωp2 + ω) γ ut + γyt−1 πt = p (α (α2 + βωp2 + ω) + β (α2 + βωp2 − ω) pγ)



(33)



where γ is given by



1 γ= 2βαp



  q 2 2 2 2 2 2 2 −α + βωp − ω ± (α − βωp + ω) + 4βα ωp



(34)



while optimal deviation policy is



πt =



2ωαp − (α2 − βωp2 + ω) γ ut p (α (α2 + βωp2 + ω) + β (α2 + βωp2 − ω) pγ)



(35)



which is also the optimal period-0 policy when the central bank is not bound by any previous commitments. Note that when p → 1, the optimal one-period-ahead inflation target in equation (33) is identical to the one with perfect credibility in (19), and thus to the optimal commitment rule in (4). The same is true for the period-0 policy in (35), which is identical to the one in (20), and consequently the same as the one in the optimal commitment policy in (3) for p → 1. On the other hand, when p → 0 and there is no credibility among the public, the optimal policy converges to the standard discretionary solution (see appendix). Figure 3 plots the gains from this imperfect commitment relative to the optimal discretionary policy as a fraction 26



of the gains of perfectly credbile commitment relative to discretion, all in terms of the conditional loss functions in (2), as a function of p. For our standard parameter values, the figure shows that it takes a credibility p of at least .7 to obtain 50% of the gains from commitment. The figure shows that this remains true for different values of α and ω, so that reaping most of the gains from commitment requires a relatively high credibility p.17 It is also worth noting that the gains from increased credibility are low for low levels of credibility.



Commitment streaks Instead of having the central bank continuously commit one period ahead, we now imagine that it can commit k − 1 periods ahead every k periods. Thus, in any period t = 0 it implements whatever π 0 is optimal from the perspective of that point in time and commits to implementing inflation targets π 1 , ... , π k−1 of the form in equation (11) for the following k − 1 periods, knowing that it will reoptimize in period k, and thus implement whatever π k is optimal at that time, and commit to new inflation targets, π k+1 , ... , π 2k−1 , for the next k − 1 periods. For commitment streaks of stochastic duration, the central bank in any period t = 0 implements whatever π 0 is optimal from that point in time and commits to optimally chosen inflation targets π 1 , π 2 , π 3 , ... for all future periods, knowing that in each of the 17



Changing the initial conditions, u0 and y−1 , or the values of β and σ, have no visible effect on the plotted results.
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subsequent periods there is a constant and exogenous probability 1 − p ∈ (0, 1) that it will deviate, reoptimize and launch a new commitment plan. We also consider commitment streaks under imperfect credibility, which is when the central bank itself does not believe that it might deviate, but the public believes that there is a constant and exogenous probability 1 − p ∈ (0, 1) that the bank will deviate, reoptimize and launch a new commitment plan in each of the future periods. When the duration of the commitment streak is known with certainty to be k − 1 periods, the optimal inflation-targeting policy is given by (see appendix)



h2.t = 0, t = 0, k, 2k, ...



(36)



for the first period in each commitment streak, while policy in other periods can be computed using h1,t =



ω , ∀t = 0, 1, 2, ... α2 + αβh2,t+1 + ω



(37)



and h2.t =



ω (α + βh2,t+1 ) , t = 1, ..., k − 1, k + 1, ..., 2k − 1, 2k + 1, ... + αβh2,t+1 + ω



α2



(38)



to iterate backwards. We known from above that the optimal policy to commit to implementing in a future period depends on the policy that is expected to be implemented in all the following periods, which in the previous section was always a policy that the central bank committed to at least one period prior to being implemented. 28



However, in the present setup, the bank is expected to reoptimize every k periods, so that not all future policy will be announced prior to being implemented. As a result, the inflation targets that it is optimal to commit to implementing in future periods will differ from the inflation target that is optimal when the central bank always commits at least one period ahead.18 Under certainty, commitment streaks and continuous commitments ahead look different because policy is not preannounced at the beginning of each streak, while policy is always preannounced with continuous one-period-ahead commitments. When the duration of commitment streaks are uncertain, the central bank’s commitments affect expectations of all future policy under both continuos one-period-ahead commitments and commitment streaks, since deviations to discretion are never certain. Figure 4 plots the gains from commitment streaks when the duration of these are known with certainty as a function of their length k − 1. As in the figures above, the gains are relative to discretion and as a fraction of the gains of perfect commitment relative to discretion, all measured in terms of the conditional expected loss in (2), for different values of α and ω. For our standard parameter values, the figure shows that more than 50% of the gains from commitment can be achieved with streaks lasting 3 periods, while 90% of the gains can be achieved with streaks that last 15 periods. However, as the figure illustrates, these results are sensitive to the values of α and ω. 18



When k → ∞, the policy coefficients in equations (37) and (38) converge to the solution with perfect commitment in equations (8)-(10).
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When the duration of commitment streaks is stochastic, so that there is a constant and exogenous probability p ∈ (0, 1) that the current streak will last one more period, and a probability 1 − p that it will end and the central bank will reoptimize in the next period, the commitment streak is always expected to last



p 1−p



additional



periods. Because all the gains from commitment can be obtained by committing just one period ahead to an inflation target of the form in (23), and because the optimal deviation policy and deviation probability are both constant over time, the optimal equation to promise to implement in period t does not depend on the time at which such a promise is made, as long it is made at least one period prior to the equation’s implementation. Thus, we have the same solution with a commitment streak as with continuous commitments ahead, except that instead of the central bank in every period promising to implement a certain inflation target in the next period, it would now promise to implement that target in all future periods at the start of each commitment streak. Since there are no gains from announcing an inflation target of the form in (23) more than one period ahead, the optimal policy remains the same as with continuous preannouncements, so that the policymaker promises whatever policy it takes (see equation (28)) for expected future policy to match the perfect commitment solution in (8) and (9), thus reaps all the gains from commitment. It follows from this that the results in figure 2 also apply in the present case in periods where the central bank implements the promised policy in equation (28) instead of reoptimizing. 30



When the central bank commits ahead assuming that it will never deviate and the commitment streak will last forever, so that the probability p just denotes the likelihood the public assigns to the commitment streak lasting one more period, it is only the public that expects the streak to last



p 1−p



additional periods. Since the



optimal inflation target of the form in (23) to promise to implement in any future period is independent of current conditions and policy, and also independent of how many periods ahead such promise is made, as all the gains from commitment can be attained by committing just one period ahead, and because the likelihood of deviating and the optimal deviation policy are constant over time, the optimal policy is again the same as in the case of continuous one-period-ahead commitments. The only difference is that instead of always promising to implement the inflation target in (33) in the next period, the central bank would in the present case promise to implement this equation in all future periods. A promise that the public expects to be broken with probability 1 − p in each period, at which point they expect the central bank to implement the optimal deviation policy in (35), and again promise to implement equation (33) in all future periods. Because the results are the same as with continuos one-period-ahead commitments under imperfect credibility, figure 3 also applies to the present case. Figure 5 replots these outcomes as a function of the expected duration of the commitment streak among the public,



p , 1−p



and shows that 50% of the gains



from commitment can be achieved with commitment streaks lasting just 3 periods for our standard parameter values. However, the figure also shows that these results 31



are sensitive to the values of α and ω, just as when the duration of the streak is known with certainty. Comparing with figure 3, that plots the same gains, but as a function of credibility p, illustrates that a relatively high credibility p is necessary for the commitment streak to be long enough to capture most of the gains from commitment. This is spelled out in figure 6, which plots the expected duration of commitment streaks as a function of the credibility p. As an example, an expected streak duration of one period requires a credibility p = 12 , three periods requires p = 34 , and five periods requires p = 56 .
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Figure 1: Gains from continuously comitting ahead, unconditinoal objective 1
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Figure 2: Gains from credibility p, CB believes it might deviate 1 0
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Figure 3: Gains from credibility p, CB plans exclude deviations 1
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Figure 4: Gains from deterministic commitment streak 1
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Figure 5: Gains from stochastic commitment streak, CB plans exclude deviations 1
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Figure 6: Expected duration of commitment streak as function of credibility p 40
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