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Abstract We characterize optimal policy in a New Keynesian model when the central bank has imperfect credibility and cannot set the nominal interest rate below zero. When confronting monetary policy communication of the U.S. Federal Reserve and the Swedish Riksbank with our model, we ﬁnd that credibility of both institutions has been low in the aftermath of the 2008 economic crisis.
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1. Introduction When the nominal interest rate reaches zero, the central bank faces a severe timeinconsistency problem. Initially, a promise to keep the nominal interest rate low for an extended period will raise inﬂation expectations, lower current and future real interest rates, and thus stimulate current output. Once the economy has emerged from the recession, honoring the interest rate promise overstimulates the economy leading to elevated inﬂation and a positive output gap. Consequently, if a central bank’s announced promises are perceived as not credible, no eﬀective forward guidance is provided and the economy goes through a deeper recession than otherwise.1 We analyze the optimal monetary policy in a standard New Keynesian model when the central bank has imperfect credibility and the nominal interest rate is constrained to be non-negative. The central bank can promise a state-contingent policy plan; however, in the future it may obtain the opportunity to discard its earlier promises and re-optimize. By incorporating the idea that in practice central banks operate neither under full commitment nor under full discretion but have an intermediate degree of credibility, we can provide new insight into questions such as: How does the prospect of future re-optimizations aﬀect current promises and policies? How are promises aﬀected by the state of the economy? What are the economic consequences of re-optimizations? How does the intensity of the time-inconsistency problem change when interest rates are zero? First, as private agents’ expectations reﬂect the prospect of future re-optimizations, the lower is the credibility of the central bank the longer is the promise to keep the interest rate low.2 Hence, contrary to the perception created in the literature, an announcement to keep the interest rate low for an extended period is not necessarily a sign of credibility. 1



Following the seminal papers by Kydland and Prescott (1977) and Barro and Gordon (1983) the literature has taken two diﬀerent approaches to tackle optimal policy problems – commitment and no commitment. Eggertsson (2006) provides a discussion of the time-inconsistency problem at the zero lower bound. 2 These extended promises are not costless since they have to be delivered with positive probability. At the optimum the central bank balances the expected marginal beneﬁts and costs.
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Second, re-optimizations do not prompt an immediate exit from the zero lower bound if the economy is still deep in recession. Even in this case, committing to future policy actions allows the central bank to better stabilize the economy. Third, as at the zero bound the central bank can only recur to forward guidance, inﬂation and output volatility are magniﬁed when credibility is low. Fourth, the welfare gains of discarding previous promises are high when the zero bound constraint is binding. While policy commitment is especially valuable in this case, unfortunately, the time-inconsistency problem also becomes exacerbated. Although academics and policymakers alike deem credibility pivotal for the conduct of monetary policy as documented in Blinder (2000), the experiences of some central banks in the aftermath of the 2008 crisis have cast doubt on their credibility. Informally, this point is made in Walsh (2009) for the U.S. and in Svensson (2009, 2010) for Sweden. By formally mapping policy communication of the U.S. Federal Reserve and the Swedish Riksbank to our model, we assess the credibility of both institutions to fall between full commitment and full discretion. In the case of the U.S., we quantitatively evaluate statements of Federal Reserve oﬃcials that promising to allow inﬂation and the output gap to go above target has not been considered, i.e., the Federal Reserve does not intend to follow the optimal policy prescription of the New Keynesian model with full commitment. Our model establishes a theoretical link between such statements and low central bank credibility.3 In April 2009, the Swedish Riksbank’s announcement that the repo-rate would be near zero until the end of 2011 was incongruent with market expectations that policy rates would rise by the end 2010. This decoupling at the zero lower bound can be replicated in our model when credibility is low. Furthermore, the data on private sector forecasts support our hypothesis of low credibility. 3



An earlier example of the imperfect credibility of central banks in industrialized economies is the Bank of Japan. In 1999/2000, the Bank of Japan never followed the prescription of the optimal policy under full commitment. After instituting a zero interest rate policy in February 1999, it raised interest rates in March 2000 although the economy was still weak and inﬂation was negative.
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In related work, Adam and Billi (2006, 2007) and Nakov (2008) analyze stochastic economies with the zero lower bound as an occasionally binding constraint. These authors consider only full commitment and full discretion. Schaumburg and Tambalotti (2007) examine imperfect credibility without the zero lower bound.4 As the non-linearities associated with the zero lower bound prevent us from ﬁnding closed-form solutions, we solve the imperfect credibility model with global solution methods as in Debortoli and Nunes (2010). Eggertsson and Woodford (2003) suggest implementing the optimal monetary policy at the zero lower bound through targeting an output-gap adjusted price index. While communicating policy through a price level instead of an interest rate path may be more transparent, the policymaker would still have to commit to a time-inconsistent price-level targeting rule. Thus, the concerns derived from our framework still apply. By taking into account the zero lower bound constraint, Benhabib et al. (2001) show that active interest rate feedback rules can lead to liquidity traps and multiple equilibria. Schmitt-Groh´e and Uribe (2007) analyze simple rules in linear stochastic economies and check ex-post that the zero lower bound constraint is rarely violated. Our paper does not focus on interest rate rules nor on multiple equilibria. To analyze more complex models other authors have examined the implications of the zero lower bound in settings akin to perfect foresight, e.g., Eggertsson and Woodford (2003), Jung et al. (2005), Levin et al. (2010), and Bodenstein et al. (2009). However, in our model the uncertainty about policy renouncements impacting agents’ expectations and central bank policy cannot be captured in a perfect foresight setting. Thus, global methods that can handle occasionally binding constraints need to be employed. The remainder of this paper is organized as follows. Section 2 presents our framework. In Section 3 we report results derived from the model. Section 4 discusses the degree of central bank credibility in the U.S. and Sweden. Section 5 concludes. Additional results and 4



The imperfect commitment setting with stochastic re-optimization was ﬁrst proposed in Roberds (1987). Ball (1995) examines the role of imperfect credibility in disinﬂation episodes.
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discussions are oﬀered in a separate Appendix. 2. The Model The model consists of two building blocks: the private sector and the monetary authority. The behavior of the private sector is given by a standard New Keneysian model as described in Yun (1996) and Woodford (2003) among others. The central bank attempts to maximize the welfare of the representative household, but faces two limitations. First, the central bank’s single instrument is the nominal interest rate on one-period, non-contingent debt which cannot fall below zero (zero lower bound).5 Second, the central bank’s commitment to earlier plans is revoked with a known and ﬁxed probability (imperfect credibility). 2.1. Private Sector The optimization problems of households and ﬁrms imply the well-known linear aggregate demand and supply relationships πt = κyt + βEt πt+1 + ut



(1)



yt = Et yt+1 − σ (it − Et πt+1 ) + gt



(2)



ut = ρu ut−1 + εu,t



(3)



gt = ρg gt−1 + εg,t,



(4)



where the innovations to the cost push shock ut and the demand shock gt are iid. πt denotes the inﬂation rate, yt is the output gap, and it is the nominal interest rate on one period non-contingent debt.6 Expressing it in deviation from the steady state interest rate (with 5



Goodfriend (2000) proposes three options to overcome the zero bound on interest rate policy: a carry tax on money, open market operations in long bonds, and monetary transfers. Our choice to not include into our analysis these and other policies, such as ﬁscal stimulus (Christiano et al. (2011), Eggertsson (2010)) and credit easing policies (Gertler and Karadi (2009), Del Negro et al. (2009)), should not be interpreted as us passing judgement on the eﬀectiveness of these policies. Furthermore, recent public debate in the U.S. indicates that political limits apply to employing these policies. The purpose of our paper is to shed light on the eﬀectiveness of forward guidance through short term interest rates. 6 In this economy households choose consumption, leisure, money and bond holdings subject to their budget constraints. Firms are monopolistic competitors and set nominal prices. The nominal price contracts
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zero steady state inﬂation), the zero lower bound reads it ≥ −r ∗ ,



(5)



where r ∗ is the steady state value of the nominal interest rate. For later use, we also deﬁne the level of the nominal interest rate ˜it ≡ it + r ∗ . The discount factor is denoted by β ∈ (0, 1) and the slope of the Phillips curve is κ = (1−υ)(1−υβ) σ−1 +ω . υ 1+ωθ



υ is the probability with which a ﬁrm cannot adjust its price, σ is the



intertemporal elasticity of substitution of the household, ω measures the elasticity of a ﬁrm’s real marginal cost with respect to its own output level, and θ is the elasticity of substitution between the varieties produced by the monopolistic competitors. 2.2. Monetary Policy The monetary authority maximizes the present discounted value of its period objective function subject to the constraints (1)−(5). The period utility function Ut is of the quadratic form Ut = −πt2 − λyt 2 , where λ =



κ θ



(6)



as in Woodford (2003).



As in Roberds (1987), Schaumburg and Tambalotti (2007), and Debortoli and Nunes (2010), the policymaker has imperfect credibility. At the beginning of each period, a realization of the random variable X is drawn where X = {C, D} with the probability distribution p (C) = η and p (D) = 1 − η for η ∈ [0, 1]. In the event x = C, the policymaker follows her previously announced policy path, whereas she reneges on her earlier promises if x = D. Thus, a policymaker’s promises made in time t about the future path of the nominal interest rate will be implemented in period t + s with probability η s . are modeled as in Calvo (1983) and Yun (1996). We follow the literature in using the linear equations that are obtained from log-linearizing the nonlinear equations around the model’s deterministic steady state. Although such an approach removes possibly interesting nonlinearities, it facilitates computations and the comparisons with earlier work on the zero bound constraint and/or optimal monetary policy. See also the discussion in Section 2.1 in Adam and Billi (2006).
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If η = 1, policy promises are always kept and the policymaker is referred to as fully committed or perfectly credible. If η = 0, the policymaker acts under full discretion. Adam and Billi (2006, 2007) and Nakov (2008) analyze the optimal monetary policy under the zero bound constraint in a fully stochastic environment for these two cases. The cases with η ∈ (0, 1) correspond to imperfect credibility and have not been previously analyzed. Under imperfect credibility, the optimization problem of the policymaker is stated as V (ut , gt ) =



max Et



{yt ,πt ,it }



∞ 



(βη)t {−(πt2 + λyt 2 ) + β(1 − η)Et V D (ut+1 , gt+1 )}



(7)



t=0



D + ut s.t. πt = κyt + βηEt πt+1 + β (1 − η) Et πt+1   D D + gt yt = ηEt yt+1 + (1 − η) Et yt+1 − σ it − ηEt πt+1 − (1 − η) Et πt+1



it ≥ −r ∗ ut = ρu ut−1 + εu,t gt = ρg gt−1 + εg,t , where variables evaluated under default carry the superscript D. The objective function contains two parts. The ﬁrst term in the summation refers to future paths in which current promises are kept. Due to the possibility of future reoptimizations, such histories are discounted at the rate βη. Second, at any point in time, current promises are discarded with probability 1 − η and a new policy is formulated. The value obtained by the monetary authority in that case is summarized in the function V D . The expectation terms in the constraints also reﬂect the uncertainty about future policy renouncements. Assuming re-optimizations to occur stochastically rather than as endogenous decisions is a simpliﬁcation analogous to the Calvo pricing model. This approach seems justiﬁed if some defaults are uncorrelated with the state of the economy. Possible candidates for such events are changes in the dominating view within a central bank due to time-varying composition of its decision-making committee. Outside pressures by politicians and the
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ﬁnancial industry of varying intensity are other candidates.7 Our approach cannot explain the timing of a default. However, it allows us to examine how the anticipation of future policy re-optimizations interacts with commitments, and to analyze the eﬀects of policy renouncements including their welfare eﬀects. These issues cannot be addressed in either the full commitment or the full discretion frameworks presented in Adam and Billi (2006, 2007). While more complex credibility settings that could also explain the timing of defaults are easily imagined, they come at greater computational burden. The Markov equilibrium approach we use is distinct from a reputation mechanism or trigger strategies, as for instance in Chari and Kehoe (1990). While our approach can be used to examine the eﬀects of credibility on policies in more complex models, a reputation framework would be required to capture the eﬀects of policies on building and losing credibility. In standard models of reputation, however, re-optimizations cannot be analyzed because the oﬀ-equilibrium path threats by the private sector eﬀectively deter re-optimizations by the central bank. Although, if the type of the central bank is private information, reoptimizations can occur in a reputation model. Re-optimizations are then usually triggered by a large shock or the approaching end of a term limit. Such exogenous events can be considered to be partially captured by our default shock.8 A reputation mechanism in our model would require that atomistic private agents could learn, gauge, and coordinate on the punishment to apply to the central bank.9 All told, a reputation model enhanced with random coordination failures among private agents may share similarities with our approach despite the obvious diﬀerences in assumptions. In such 7



As emphasized by political economists, across time and countries, topics vaguely related to economics, such as foreign and defense policy or social values, have determined election outcomes, leading to a random composition of economic policy views among elected representatives. See Chapter 11 of Mueller (1989) for a discussion on the theory of probabilistic voting. 8 Backus and Driﬃll (1985a,b), Barro (1986), Cukierman and Liviatan (1991), and more recently in King et al. (2008) and Lu (2011) have modeled endogenous commitment by assuming policymakers of diﬀerent types. 9 While agents may be able to learn a rational expectations equilibrium (see Marcet and Sargent (1989)), in reputation models the punishment cannot be learnt through experience as it constitutes an oﬀ-equilibrium phenomenon. Also, the punishments in such models are often not renegotiation-proof.
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a model, the central bank would promise a certain policy for the next period, but if coordination on the punishment mechanism broke down, the central bank would re-optimize. 2.3. Equilibrium and Solution Recasting problem (7) into the recursive formulation of Marcet and Marimon (2009) and rearranging terms, the problem can be written as V (ut , gt , μ1t , μ2t ) =



min



max h(yt , πt , it , γt1 , γt2 , μ1t , μ2t , ut , gt )



{γt1 ,γt2 } {yt ,πt ,it }



(8)



+ βηEt V (ut+1 , gt+1 , μ1t+1 , μ2t+1 ) + β(1 − η)Et V D (ut+1 , gt+1 ) s.t. it ≥ −r ∗ ut = ρu ut−1 + εu,t gt = ρg gt−1 + εg,t μ1t+1 = γt1 , μ10 = 0 μ2t+1 = γt2 , μ20 = 0, where (γt1 , γt2 ) are the Lagrange multipliers associated with the behavioral constraints and h(yt , πt , it , γt1 , γt2 , μ1t , μ2t , ut , gt ) ≡



  D −πt2 − λyt2 + γt1 πt − κyt − β (1 − η) Et πt+1 − ut     D D + gt +γt2 −yt + (1 − η) Et yt+1 − σ it − (1 − η) Et πt+1 −Iη μ1t πt + Iη β1 μ2t (yt + σπt ) ,



where Iη is an indicator function satisfying Iη = 0 for η = 0 and Iη = 1 else. It follows from Marcet and Marimon (2009) and Debortoli and Nunes (2010) that the optimal policy and the value functions are time invariant if the state space is enlarged to contain the lagged Lagrange multipliers (μ1t , μ2t ). The multipliers summarize previous statecontingent promises, with the case of non-binding promises corresponding to the multipliers being zero. Since the multipliers are not physical state variables, only commitment impedes the monetary authority from ignoring previous promises, reﬂecting the time-inconsistent nature of the problem. In fact, resetting the Lagrange multipliers to zero is optimal, and



(9)
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occurs in equilibrium whenever the monetary authority is allowed to do so. Deﬁnition 1 speciﬁes the equilibrium concept. Definition 1. The equilibrium with imperfect commitment satisfies the following conditions: ∞  1. Given ytD , πtD t=0 and the value V D , the path {yt , πt , it }∞ t=0 solves problem (7). 2. The value function V D is such that V D (ut , gt ) = V (ut , gt , μ1t = 0, μ2t = 0) and V is deﬁned by equation (8).   3. Denote the optimal policy functions as (yt , πt ) = ψ(ut , gt , μ1t , μ2t ). The pair ytD , πtD   satisﬁes the condition ytD , πtD = ψ(ut , gt , 0, 0). First, the deﬁnition requires optimality given the constraints. The second part deﬁnes the value of default V D to be the continuation value without binding promises, i.e., the lagged Lagrange multipliers are at zero.10 The third part requires the policy functions that   private agents expect to be implemented under default ytD , πtD to be consistent with the optimal policy functions implemented when there are no promises to be honored. The solution of equation (8) is not standard, as both the value function V D and the policy functions under default are unknown. In addition, the solution requires maximizing with respect to the controls and minimizing with respect to the Lagrange multipliers. In the numerical algorithm described in Appendix B, we approximate the value function directly. The two model features that dictate the use of global methods are the presence of the occasionally binding zero bound constraint and the possibility of policy renouncements. Most of the literature on monetary policy at the zero bound assumes perfect foresight to simplify the treatment of the binding constraint. However, this assumption of perfect foresight inhibits studying the link between monetary policy and household expectations about future policy renouncements. By construction, households do not anticipate policy changes in such a setting. 10



The two value functions would not coincide if policy objectives are not consensual. This case is analyzed in Debortoli and Nunes (2006) who consider two political parties with diﬀerent utility functions. In such a situation, the continuation value function depends on which party gains power.
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3. Results To facilitate comparison with the work of Adam and Billi (2006, 2007) and Woodford (2003), we follow their model parameterization summarized in Table 1. Absent empirical guidance for the re-optimization probability η, or equivalently the expected duration of promise α = 1/(1 − η), our analysis assumes several values for η. However, in Section 4, we provide evidence that η lies in the neighborhood of 0.5, i.e., α = 2, for the U.S. and Sweden. Appendix D reports on sensitivity analysis with respect to alternative values of σ and experiments with a hybrid Phillips curve. Papers such as Reifschneider and Williams (2000), Schmitt-Groh´e and Uribe (2007), and Billi (2009) have indicated that the nominal interest rate reaches zero with low probability for long-run inﬂation targets observed in reality. However, once the economy is at the zero bound, as has been the case in several industrialized countries in the aftermath of the 2008 crisis, additional shocks have ampliﬁed eﬀects on economic activity. Our work is not designed to shed light on the causes of the 2008 crises, which are subject to ongoing debate, but to analyze a particular dimension of the policy response to the Great Recession that has followed. To this end, the demand shock g captures key features of this episode: a negative output gap, inﬂation well below trend, and near-zero policy interest rates. In this regard, our modeling strategy resembles Christiano et al. (2011) and Levin et al. (2010).



3.1. Credibility at the Zero Lower Bound Monetary policy faces a time-inconsistency dilemma when the nominal interest rate reaches zero in response to a large contractionary demand shock. A promise to keep the interest rate low for an extended period, such that inﬂation and the output gap are expected to rise above their target values in the future, reduces the contemporaneous real interest rate and buﬀers the impact of the shock. Since the announced overshooting of the output gap and inﬂation in future periods would create welfare losses, the central bank will ﬁnd



12 Table 1: Parameterization parameter β υ σ ω θ κ λ ρu σu ρg σg η



value 0.9913 0.66 6.25 0.47 7.66 0.024 0.003 0 0.154 0.8 1.524 [0,1]



economic meaning discount factor probability of no price change interest rate sensitivity consumption elasticity of ﬁrms’ marginal cost price elasticity of demand slope of Phillips curve weight on output in utility function persistence cost push shock standard deviation cost push shock persistence demand shock standard deviation demand shock credibility level, or 1/(1 − η) ≡ α ∈ [1, +∞]



it optimal to raise the path of the interest rate as the shock unwinds. This temptation is most pronounced once the economy enters the phase of elevated inﬂation and positive output gaps. The ability of a central bank to stabilize the economy may thus be greatly diminished when credibility is imperfect. To characterize the promises and re-optimizations under the optimal policy with imperfect credibility, we analyze the impulse response functions after a large and persistent contraction in aggregate demand in period 1 that pushes the nominal interest rate to zero. More speciﬁcally, across experiments we set g1 = −10, u1 = 0, and (εu,t , εg,t) = 0 ∀t ≥ 2. However, we consider diﬀerent speciﬁc histories of xt . The lagged Lagrange multipliers are initialized at zero, i.e., μ11 = μ21 = 0. We consider all possible shock histories later in this section. 3.1.1. Promises



For diﬀerent levels of credibility (α = 2, α = 4, and full commitment), the left column of Figure 1 informs about the optimal promises of the central bank in period 1, i.e., the evolution of the nominal interest rate, the output gap, and inﬂation for the speciﬁc history of no policy re-optimizations (xt = C ∀t ≥ 1). The lower the credibility of the monetary authority is, the more extreme its promises are. The policymaker with α = 2 promises to keep the interest rate at zero over the entire horizon plotted, whereas the policymaker with



13



α = 4 promises to keep the interest rate at zero for 6 periods. Given the central bank’s imperfect credibility, private agents correctly incorporate the possibility of future re-optimizations when forming expectations. In its attempt to inﬂuence private sector expectations, the less credible central bank thus extends its promise to keep the interest rate low.
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Figure 1: Imperfect Credibility and the Zero Lower Bound
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Notes: the ﬁgure plots the transition dynamics in response to a negative and large demand shock causing the interest rate to reach its zero lower bound. The shocks are initialized at u1 = 0, g1 = −10, and (εu,t , εg,t ) = 0 ∀t ≥ 2.



However, these promises may turn out to be very costly to the central bank, if it is not presented with the opportunity to re-optimize its policy. In this case, the low interest rate fuels a sizable and persistent boom with increased inﬂation, as seen in particular for α = 2. Hence, at the optimum, the policymaker equates the expected marginal beneﬁts from a promise to keep the interest rate low with the costs of having to deliver on such a promise (the cost of not re-optimizing). With low credibility, promises become more extreme because such promises are unlikely to be fulﬁlled and private sector expectations are harder to inﬂuence.
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The literature persistently points out that, relative to a policymaker acting under full discretion, a fully committed policymaker announces to keep the interest rate at zero for an extended period of time (for example, Eggertsson and Woodford (2003), Adam and Billi (2006), and Walsh (2009)). In a purely forward looking model, such inference is correct only for these two extreme cases.11 As shown in the left column of Figure 1, the (conditional) announcement that the interest rate is planned to be at zero for a long period should not be necessarily understood as a signal of high credibility. If, contrary to our assumptions, credibility was endogenously aﬀected by more extreme promises, a less credible central bank might or might not promise a lower path of the interest rate depending on the costs of promising a lower interest rate path versus the eﬀects that we have identiﬁed here. 3.1.2. Renouncements



Even a re-optimizing policymaker with low credibility chooses to leave the contemporaneous interest rate at zero while the economy is still in deep recession. The middle column of Figure 1 conﬁrms this claim for α = 4 when a policy renouncement occurs in period 2 (x2 = D and xt = C ∀t = 2) or period 3 (x3 = D and xt = C ∀t = 3). One could therefore infer that policy commitments are not relevant in times of a deep recession: the interest rate will be at zero irrespective of policy renouncements. However, such inference is misguided. If policy is reformulated in the midst of the recession, the incentive to keep the interest rate low at later dates is reduced as the shock unwinds. Although the contemporaneous interest rate remains unchanged, inﬂation and the output gap react immediately.12 Commitment matters well before the central bank faces the temptation to start raising the contemporaneous interest rate. While the economy is on its recovery path, the interest rate may still be zero due to 11



If inﬂation is not purely forward looking due to price indexation, the observed interest rate may be lower under full discretion than under full commitment for a given-sized demand shock. As shown in Appendix D, state-contingent promises of the full commitment planner may stabilize the economy so well relative to full discretion that a fully committed policymaker can leave the zero lower bound regime sooner. 12 Also, as the economy is still deeper in recession in period 2, the promised path for the interest rate is lower for the case of x2 = D than for x3 = D.
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earlier commitments. As depicted in the right column of Figure 1, the central bank raises the interest rate immediately if a default occurs in this phase. For defaults in period 4 (x4 = D, xt = C ∀t = 4) or 5 (x5 = D, xt = C ∀t = 5), such action puts an end to the policy of elevated inﬂation and positive output gap previously promised and brings both variables closer to target. Similarly, Appendix B shows that once the economy has exited from the zero bound, it is immaterial whether new commitments are made after a policy renouncement. Having exited from the zero lower bound, commitments are hardly of value with respect to the demand shocks. 3.2. Distribution of Responses To highlight the characteristics of our model, the impulse response functions shown so far have been based on speciﬁc histories for xt , εg,t , and εu,t . The next two experiments analyze more generally the distribution of impulse responses at the zero bound. 3.2.1. First Experiment



We ﬁrst restrict attention to histories with g1 = −10 and εg,t = 0 ∀t ≥ 2, and u1 = 0 and εu,t = 0 ∀t ≥ 2, but allow for all possible histories of xt . Figure 2 shows the mean impulse response under imperfect credibility with α = 4 surrounded by the impulse response functions lying between the 5th and 95th percentiles, the shaded area. The ﬁgure also displays the impulse responses when the policymaker has full commitment or acts under full discretion, respectively. As we still condition on a speciﬁc history for the demand and cost-push shocks, there is no uncertainty about the impulse responses under full commitment and full discretion, the two cases presented by Adam and Billi (2006, 2007). For the mean response under imperfect credibility, the path of the interest rate is higher at least in the near term than under full commitment or full discretion. Our results remain largely unaﬀected when replacing the mean by the median of the impulse responses. Nevertheless, the output gap and inﬂation temporarily rise above their target values for the mean



16 Figure 2: Distribution of Impulse Response Functions – Default Uncertainty Only



Notes: the ﬁgure plots the transition dynamics in response to a negative and large demand shock causing the interest rate to reach its zero lower bound. The shocks are initialized at u1 = 0, g1 = −10, and (εu,t , εg,t ) = 0 ∀t ≥ 2. The mean and selected percentiles are computed from simulated histories of the commitment shock (i.e. xt ∈ {C, D}). For the full commitment and full discretion cases, there is no uncertainty with regard to xt shocks, and therefore any percentile coincides with the mean.



response under limited credibility as is the case under full commitment. However, this mean response is surrounded by considerable uncertainty. The shaded area spanned by the 5th and 95th percentile responses covers the special cases depicted in Figure 1. As in the full discretion case, the impulse response functions for histories with many default events do not imply a post-recession boom with inﬂation. However, for imperfect credibility, in such a scenario the economy does not perform as poorly as the economy under full discretion. Thus, being somewhat committed but defaulting in many periods by chance, is diﬀerent from being known to have no commitment at all. Consequently, even central banks with low credibility should attempt to use forward guidance to the best of their ability rather than abandon this tool completely. 3.2.2. Second Experiment



In considering all possible histories for xt , εg,t , and εu,t for t > 1, we distinguish two cases. In the ﬁrst case, the economy experiences a large negative demand shock that pushes
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the nominal interest rate to zero, g1 = −10, u1 = 0, whereas for the second case we initialize the economy at g1 = 0, u1 = 0. Figure 3: Forecast Uncertainty – Interquantile Range
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Notes: the ﬁgure plots the diﬀerence between the 95th and 5th percentiles in several scenarios. In all simulations, the shocks (εu,t , εg,t , xt ) are drawn from their respective distributions. For the cases reported with the solid lines, the simulations are initialized at u1 = 0, g1 = 0. For the cases reported with the dashed lines, the simulations are initialized at u1 = 0, g1 = −10, which causes the interest rate to reach its zero lower bound.



Figure 3 plots the interquantile range between the 95th percentile response and the 5th percentile response when policymakers act under full discretion, imperfect credibility (α = 4), and full commitment. The dashed lines depict the interquantile ranges when the economy is initially at the zero bound (g1 = −10) and the solid lines depict the case when the economy is initialized at g1 = 0. Appendix B details the dynamics of inﬂation, output gap, and the interest rate. The economy experiences higher uncertainty about the future paths of the output gap and the inﬂation rate as measured by the interquantile range when the economy is initially at the zero lower bound. Monetary policy can no longer counteract shocks as eﬀectively as
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it can when the interest rate is positive. The resulting increase in the economy’s sensitivity to shocks translates into (temporarily) increased uncertainty about the output gap and the inﬂation rate. As the nominal interest rate is the predominant shock absorber when the interest rate is positive, the uncertainty about the future path of the nominal interest rate is lower when the economy is initially at the zero bound. For periods further in the future, the interquantile ranges for the two cases (g1 = −10 and g1 = 0) converge as it is less likely for the zero bound to remain binding for the case with g1 = −10 once the initial demand shock has suﬃciently receded. At the zero lower bound, the interquantile ranges for inﬂation and the output gap are substantially higher in an economy with imperfect credibility compared to an economy with full commitment. Doubts about the commitment of the central bank impinge upon its ability to use interest rate announcements for forward guidance. Under full discretion the increase in uncertainty is therefore most pronounced. Away from the zero bound, by contrast, the interquantile ranges diﬀer little across credibility levels. In the 2008/2009 recession, markets have experienced increased volatility and uncertainty in the inﬂation and output outlook. Our ﬁndings suggest that this rise in uncertainty is in part due to low credibility and the zero lower bound. 3.3. Time Inconsistency and Welfare While policy commitment is especially valuable at the zero bound, unfortunately, the time-inconsistency problem also becomes exacerbated.13 Figure 4 shows the diﬀerence between the value of staying committed in period T, VT,xT =C , and the value of defaulting in period T, VT,xT =D , both for an economy that has experienced a large negative demand shock (g1 = −10) and an economy that is initialized at g1 = 0. Note that as a result of the timeinconsistency problem, for a ﬁxed credibility level the central bank achieves higher utility 13



Because the welfare diﬀerence between full discretion and full commitment is higher in a model with the zero lower bound, in a model of sustainable plans the threat of the discretionary equilibrium may sustain solutions closer to the commitment equilibrium. However, in a model with private information on central bank types and atomistic private agents similar to King et al. (2008), this eﬀect is not necessarily present.
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in a given period when a re-optimization occurs.14 The welfare gain from reneging on an earlier promise is signiﬁcantly higher at every point in time when the economy is in a severe recession compared to the case of g1 = 0.15 This analysis also suggests that periods of zero interest rates may play an important role in empirically identifying parameters that govern policy credibility. Figure 4: Pressure to Default



mean[V



0.1



−V



T,x =D T



mean[V 0.09



], g =−10



T,x =C T



−V



T,x =D T



1



], g =0



T,x =C T



1



0.08



welfare difference



0.07 0.06 0.05 0.04 0.03 0.02 0.01 0



1



2



3



4



5



6



7



8



9



10



period T



Notes: the ﬁgure plots the mean period T expectation of the gain in discounted welfare due to a default in period T , in simulations of imperfect credibility with α = 4. In all simulations, the shocks (εu,t , εg,t , xt ) are drawn from their respective distributions. For the cases represented by the dotted line and the solid line, simulations are initialized at u1 = 0, g1 = −10 and u1 = 0, g1 = 0, respectively. The innovations and default shocks (εu,t , εg,t , xt ) are set to be the same across scenarios. While the last two terms in equation (9) make the problem recursive, they are not welfare relevant and consequently they are omitted from our welfare calculations. Thus, our welfare measure is equivalent to computing the discounted sum of the period utility function in equation (6).



On a separate note, the analysis presented in Figure 4 may be regarded as a candidate explanation for the intense political pressure on the Federal Reserve since the beginning of the 2008/2009 recession. While public criticism of the Federal Reserve concentrated originally on regulatory issues, monetary policy itself has become the critics’ focus over the course of 14



This illustration of the time-inconsistency problem should not be confused with a comparison of welfare under full discretion against welfare under full commitment. 15 For the case of g1 = −10, the temptation to renege is the highest in period 3. Revisiting Figure 1 reveals that defaulting in period 3 avoids the costly overshooting of inﬂation and the output gap. The economy is stabilized more eﬀectively if the opportunity to re-optimize occurs in this period rather than any other.
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2010. Financial market commentators have repeatedly urged the Federal Reserve to raise interest rates for fear of future inﬂation, and members of the U.S. Congress have openly debated proposals to replace the Fed’s dual mandate by an inﬂation target in order to force the Fed onto a tighter policy path.16 The public discourse has not gone unnoticed among policymakers. Chairman Ben Bernanke himself stated in a Time Magazine article honoring him as “Person of the Year 2009”: “It is true that the Federal Reserve faces a lot of political pressure and is unpopular in many circles.” 4. Credibility and Times of Crisis Analyzing publicly accessible central bank communication, we employ our model to measure the level of credibility for the U.S. Federal Reserve and the Swedish Riksbank. For both cases, we ﬁnd α to be in the neighborhood of 2. 4.1. Inference on Policy Credibility in the U.S. Throughout 2009, both then vice chairman Kohn and Chairman Bernanke stated repeatedly their intention to follow an interest rate policy that would prevent inﬂation and the output gap from rising above their long-run target values, contrary to the optimal policy under full commitment (see Kohn (2009a), Bernanke (2009), and the discussion in Walsh (2009)). Most explicitly on October 9, 2009 Kohn states: “To be sure, we have not followed the theoretical prescription of promising to keep rates low enough for long enough to create a period of above-normal inﬂation.” (Kohn (2009b)).17 By mapping these qualitative implications for the paths of the output gap and the inﬂation rate to our model, we infer that for our model to deliver results consistent with Kohn (2009b) the level of credibility α cannot exceed 2. Speciﬁcally, we seek the values of α and g1 , the demand shock in the initial period, that minimize the quadratic distance function 16



For the discussion of inﬂation scares see Krugman (2009). For documentation on the resurrected debate on inﬂation targeting see Felsenthal (2011). 17 For additional discussion of this quote, see also King (2010).
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d(α, g1) with d(α, g1) = ω1y (y1 (α, g1) − y2009:Q3 )2 + ω1π (4π1 (α, g1) − π2009:Q3 )2 T T   2 y + ωj max (¯ yj (α, g1), 0) + ωjπ max (4¯ πj (α, g1 ), 0)2 . j=2



(10)



j=2



The ﬁrst two terms capture the distance of the model output gap and annualized inﬂation from their counterparts in the data at the time of Kohn’s speech. The two summation terms implement the qualitative statement of Kohn (2009b) quantitatively. For given α and g1 , the value of our criterion function increases whenever the expected path of the output gap or inﬂation exceed their long-run target values. In our baseline speciﬁcation of the distance function, we set T = 20 and set ωiπ = 1 and ωiy = 1 for each i. The initial values for the output gap and annualized inﬂation in the data are y2009:Q3 = −8% and π2009:Q3 = −1.3%.18 Figure 5 shows the value of the objective function for the re-optimization probability η =1−



1 α



∈ [0, 1] (dashed line, right scale), evaluated at its optimized value of the demand



shock g1∗ (α), (solid line, left scale). The distance function d(α, g1∗(α)) is close to zero for values of η below 0.5, and reaches its minimum at η = 0.4 or α = 1.67. We conclude that the descriptive statements of Federal Reserve oﬃcials over the course of 2009 reﬂect a credibility level α below 2. As more information about the Federal Reserve’s internal views during 2009 is released over time, it may become feasible to draw sharper conclusions about the Federal Reserve’s credibility. The remaining two panels in Figure 5 contrast the mean paths of inﬂation and the output gap for α = 1.67 with the paths derived under full commitment and full discretion. The model under full commitment cannot avoid the expected overshooting of policy targets or match the large recession and subdued inﬂation in earlier periods. Under full discretion and 18



The value y2009:Q3 = −8% is consistent with the CBO or a linearly quadratic detrended output gap measure. The value π2009:Q3 = −1.3% is calculated in deviation to an implicit inﬂation target of 2%. We simulate the model 10000 times for 20 periods by drawing the shocks (εu,t , εg,t , xt ) from their respective distributions and calculate the mean transition paths for the output gap and inﬂation. In an alternative speciﬁcation, we ﬁx the weights at ωiπ = 1 and ωiy = 16λ, where λ is the weight on the output gap in the central banks period welfare function, but arrive at similar conclusions.
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Notes: the ﬁrst panel plots the distance function for diﬀerence values of the re-optimization probability η = 1 1− α ∈ [0, 1], evaluated at the optimized value of g1∗ (α), which is also depicted. The remaining plots show the responses of the output gap and inﬂation at diﬀerent values of credibility. The shocks are initialized at u1 = 0, g1∗ (α), and (εu,t , εg,t ) = 0 ∀t ≥ 2. All histories regarding the commitment shock are considered (i.e. xt ∈ {C, D}) for the computation of the means. For the full commitment and full discretion cases, there is no uncertainty with regard to xt shocks.



α = 1.67, lack of strong forward guidance implies a sharper reduction in economic activity, although in line with our procedure the demand shock reduces in size to g1∗ (α = 0) = −8 and g1∗ (α = 1.67) = −9, respectively. The objective function reaches its minimum at α = 1.67 rather than α = 0, as the improved ﬁt in initial conditions compensates for the slightly worse performance with respect to the overshooting of policy targets in later periods. As reported in Appendix D, in a model with modest price indexation, we found a similar degree of central bank credibility. In explaining their approach, policymakers have tried to shift attention away from credibility concerns by emphasizing fears of losing control over inﬂation expectations.19 However, 19



Kohn (2009b) continues: “The arguments in favor of such a policy hinge on a clear understanding on the part of the public that the central bank will tolerate increased inﬂation only temporarily – say, for a few years once the economy has recovered – before returning to the original inﬂation target in the long term. In standard theoretical model environments, long-run inﬂation expectations are perfectly anchored. In reality, however, the anchoring of inﬂation expectations has been a hard-won achievement of monetary policy over the past few decades, and we should not take this stability for granted. Models are by their nature only a stylized representation of reality, and a policy of achieving “temporarily” higher inﬂation over the medium
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such fears may still reﬂect a low degree of credibility. Although long-run inﬂation expectations are well-anchored for any degree of credibility in our model, inﬂation can be hard to control in the medium-run if credibility is low. Another explanation attempt originates from central banks’ preference for models with backward-looking expectations or learning dynamics. However, insofar as a model features some forward-looking dynamics, the key mechanism of lowering current real interest rates through promising higher future inﬂation is still at work. Furthermore, as shown in Appendix D, the presence of backward-looking behavior may aggravate a recession thus creating room for forward guidance to ameliorate the eﬀects of a given negative shock.20 4.2. Inference on Policy Credibility in Sweden To assess monetary policy credibility in Sweden, we can employ diﬀerences between market expectations and the Riksbank’s announced interest rate paths. Since February 2007, the Riksbank has published its intended (mean) path for the repo-rate, the short-term interest rate used by the Riksbank to achieve its policy goals. To judge the eﬀectiveness of its announcements, the Riksbank also publishes the market expectation for the interest rate path derived from forward rates.21 Before turning to the Swedish experience in detail, we argue that the announced interest rate path of a central bank with imperfect credibility can diﬀer signiﬁcantly from market expectations at the zero lower bound, but does not diﬀer otherwise. Both in our model and in reality, commitments to future actions can only inﬂuence term would run the risk of altering inﬂation expectations beyond the horizon that is desirable. Were that to happen, the costs of bringing expectations back to their current anchored state might be quite high.” 20 Finally, the private sector choosing to dismiss announcements and engaging in backward looking behavior may also be a consequence of low central bank credibility. Evans and Ramey (1992), Brock and Hommes (1997) and the literature that followed model private agents as choosing among diﬀerent predictors based on their performance and availability. If the central bank disseminates and produces credible forecasts, then a larger fraction of private agents is likely to form rational expectations (see the discussions in Tobin (1972) and Sargent et al. (1973)). 21 The market expectations of the repo-rate are calculated as the forward rate from the prices of interest derivatives and forward rate agreements with diﬀerent maturities corrected for premia for maturity, liquidity, and credit risk. Sveriges Riksbank (2009) and Svensson (2009, 2010) provide more details on the data and draw connections to credibility and forecast targeting at diﬀerent times.
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Figure 6: Forecasts and Policy Renouncements
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Notes: the ﬁgure plots the mean transition dynamics in response to a negative and large demand shock causing the interest rate to reach its zero lower bound. The simulations are initialized at u1 = 0, g1 = −10. For the case of the solid line, the shocks (εu,t , εg,t , xt ) are drawn from their respective distributions. For the case of the dot-dashed line, the shocks (εu,t , εg,t ) are similarly drawn from their respective distributions, but with xt = C ∀t ≥ 1.



expectations and ultimately market outcomes if these commitments are clearly announced to the public as highlighted in our discussion of Figure 1. To facilitate real-life communication central banks may be reluctant to incorporate their own expected re-optimizations in their published real-time forecast. In Figure 6, we consequently interpret the ﬁrst path (solid line), which depicts the mean over all possible histories of the cost-push, demand, and default shocks, as reﬂecting market expectations. The central bank’s announced forecast is represented by the second path (solid-dotted line) which depicts the mean over all possible histories of the cost-push and demand shock under the assumption that the central bank honors by chance its state-contingent commitments in each period, i.e., xt = C ∀t ≥ 1.22 Away from the zero bound, the mean paths announced by the central bank and those expected by the private sector, shown in the left panels of Figure 6, basically coincide for two 22



Importantly, this analysis does not assume that the degree of commitment perceived by the central bank αcb lies above the value perceived by the private sector αps . The interested reader is referred to Appendix D.5 for the case αps < αcb .
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reasons. First, the interest rate can freely adjust to oﬀset demand shocks. Second, negative and positive cost-push shocks aﬀect the economy symmetrically and cancel each other on average, whether or not the paths reﬂect possible re-optimizations. When the economy is at the zero lower bound (right panel of ﬁgure 6), demand shocks cannot be fully stabilized and the zero lower bound inequality induces asymmetric eﬀects. The announced mean interest rate forecast of the central bank lies strictly below the mean interest rate forecast of the private sector, as the latter takes into account the possibility of future re-optimizations. Consistent with tighter expected monetary policy, the market also expects a smaller rise in the output gap and a smaller rise in inﬂation in the future. These predictions of our model, both away from and at the zero lower bound, ﬁt well with recent experience of the Swedish Riksbank. As shown in the left panels of Figure 7, the Riksbank reduced the repo-rate by 100 basis points to 1% on February 11, 2009. As was the case on earlier dates, the new reporate path and corresponding market expectations remained well aligned. At the April 21 meeting, the repo-rate was reduced further and approached the eﬀective lower bound.23 This time, the repo-rate path and market expectations decoupled with the latter suggesting considerably faster tightening. These patterns are also present at later dates in 2009 (not displayed); market expectations are not aligned with the repo-rate path only in periods of very low interest rates. Being able to replicate such behavior, our model lends support to the Riksbank’s own assessment that it experienced a credibility problem in 2009. The Riksbank concedes this possibility in its annual monetary policy report, Sveriges Riksbank (2009). Our credibility argument goes unchallenged if confronted with the April 2009 private sector and central bank forecasts for Swedish GDP growth and inﬂation. In line with our theoretical predictions, the right panels of Figure 7 show that the inﬂation and GDP growth 23



For reasons not considered in the model, central banks are often reluctant to set interest rates exactly at zero and operate with a positive lower bound. Although the repo-rate was lowered to 25 basis points later in 2009, the Riksbank argued in April 2009 that 50 basis point would be the lowest operational level for the repo-rate.
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Notes: the left column plots the Riksbank’s forecast of the repo-rate path as announced in February and April 2009 in the upper and lower panels, respectively, along with the old forecast, the historical path, and the market expectation of the path both preceding and following each announcement. The right column plots the Riksbank’s forecasts for Inﬂation and GDP Growth announced on April 21, 2009. We also show means of long-term and nearer-term forecasts surveyed on April/14/2009 and May/11/2009, respectively (Sources: Statistics Sweden and the Riksbank, Consensus Economics).



outlook reported by Consensus Economics (both on April 14 and May 11) were below the Riksbank’s corresponding forecasts (dated April 21).24 In light of these ﬁndings, attempts to explain the misalignment of the interest rate paths by forecast divergence with respect to GDP growth and inﬂation seem unconvincing. Absent strong credibility problems, a lower private sector forecast of inﬂation and output relative to the central bank’s forecast is 24



The timing of private sector forecasts relative to the central bank’s is of minor importance, as market expectations for the repo-rate before and after April 21 remained seemingly unchanged with private forecasters being slightly more pessimistic in May 2009.
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inconsistent with the private sector expecting faster monetary tightening. Having established that imperfect credibility is a promising explanation for the Swedish experience in April 2009, we can use our model to learn about the Riksbank’s level of credibility. Similar to our procedure for the U.S., we search for values of α and the demand shock to minimize a quadratic distance function. Aside from the distance of the output gap and inﬂation between the model generated values and the data in April 2009, our objective function also takes into account the spread between the announced interest rate path and the path expected by the private sector. The unique minimum of the new distance function occurs at α = 2.22. For details and additional results, we refer the interested reader to Appendix D.5. 5. Conclusion When the nominal interest rate reaches zero, central bank credibility and the public’s perception thereof are crucial for the conduct of monetary policy, as the lack of credibility cannot be compensated for by additional movements in the contemporaneous interest rate. In reality, central banks have some credibility, but they typically do not operate under full commitment. Central banks announce and describe future policies to inﬂuence current economic decisions, but markets realize that not all state-contingent promises will necessarily be honored. To address these issues, we analyzed the optimal monetary policy at the zero bound in a setting that allows for imperfect credibility. Our work could be extended in several dimensions. Considering more complex models and imperfect credibility settings is desirable. For instance, central banks have also used unconventional measures to aﬀect the economy and interest rate spreads at the zero lower bound. While incorporating such features is certainly interesting, we believe it is necessary to ﬁrst understand the eﬀects of imperfect credibility on conventional monetary policy. Furthermore, as unconventional monetary policy and ﬁscal policy face limits with regard to their credibility and ﬁscal sustainability as discussed in Goodfriend (2010), forward guidance
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through an announced path of the interest rate remains a tool that central banks may want to employ at the zero lower bound.



29



References Adam, K., Billi, R., 2006. Optimal monetary policy under commitment with a zero bound on nominal interest rates. Journal of Money, Credit and Banking 38 (7), 1877–1905. Adam, K., Billi, R., 2007. Discretionary monetary policy and the zero lower bound on nominal interest rates. Journal of Monetary Economics 54 (3), 728–752. Backus, D., Driﬃll, J., 1985a. Inﬂation and reputation. American Economic Review 75 (3), 530–38. Backus, D., Driﬃll, J., April 1985b. Rational expectations and policy credibility following a change in regime. Review of Economic Studies 52 (2), 211–21. Ball, L., 1995. Disinﬂation with imperfect credibility. Journal of Monetary Economics 35 (1), 5–23. Barro, R. J., 1986. Reputation in a model of monetary policy with incomplete information. Journal of Monetary Economics 17 (1), 3–20. Barro, R. J., Gordon, D. B., 1983. A positive theory of monetary policy in a natural rate model. Journal of Political Economy 91 (4), 589–610. Benhabib, J., Schmitt-Grohe, S., Uribe, M., 2001. The perils of taylor rules. Journal of Economic Theory 96 (1-2), 40–69. Bernanke, B., 2009. Semiannual monetary policy report to the congress. Testimony Chairman Ben S. Bernanke Semiannual Monetary Policy Report to the Congress Before the Committee on Financial Services, U.S. House of Representatives, Washington, D.C. http://www.federalreserve.gov/newsevents/testimony/bernanke20090721a.htm. Billi, R., 2009. Optimal inﬂation for the U.S. economy. Federal Reserve Bank of Kansas City Working Papers RWP 07-03.



30



Blinder, A., 2000. Central bank credibility: Why do we care? How do we build it? American Economic Review 90 (5), 1421–1431. Bodenstein, M., Erceg, C., Guerrieri, L., 2009. The eﬀects of foreign shocks when interest rates are at zero. International Finance Discussion Papers 983. Brock, W., Hommes, C., 1997. A rational route to randomness. Econometrica 65, 1059–1160. Calvo, G., 1983. Staggered prices in a utility maximizing framework. Journal of Monetary Economics 12 (3), 383–398. Chari, V. V., Kehoe, P. J., 1990. Sustainable plans. Journal of Political Economy 98 (4), 783–802. Christiano, L., Eichenbaum, M., Rebelo, S., 2011. When is the government spending multiplier large? Journal of Political Economy. Forthcoming. Cukierman, A., Liviatan, N., 1991. Optimal accommodation by strong policymakers under incomplete information. Journal of Monetary Economics 27 (1), 99–127. Debortoli, D., Nunes, R., 2006. Political disagreement, lack of commitment and the level of debt. Universitat Pompeu Fabra. Manuscript. Debortoli, D., Nunes, R., 2010. Fiscal policy under loose commitment. Journal of Economic Theory (Forthcoming). Del Negro, M., Eggertsson, G., Ferrero, A., Kiyotaki, N., 2009. The great escape? a quantitative evaluation of the fed’s non-standard policies, mimeo, Federal Reserve Bank of New York. Eggertsson, G. B., 2006. The deﬂation bias and committing to being irresponsible. Journal of Money, Credit and Banking 38 (2), 283–321.



31



Eggertsson, G. B., 2010. What ﬁscal policy is eﬀective at zero interest rates? In: NBER Macroconomics Annual 2010, Volume 25. NBER Chapters. National Bureau of Economic Research, Inc. Eggertsson, G. B., Woodford, M., 2003. The zero bound on interest rates and optimal monetary policy. Brookings Papers on Economic Activity 34 (1), 139–233. Evans, G., Ramey, G., 1992. Expectation calculation and macroeconomic dynamics. American Economic Review 82, 207–224. Felsenthal, M., 2011. Fed: We can do two jobs, but if you want to change... Reuters, January 9, 2011 www.msnbc.msn.com/id/40992635/ns/business-eye on the economy. Gertler, M., Karadi, P., 2009. A model of unconventional monetary policy, mimeo, New York University. Goodfriend, M., 2000. Overcoming the zero bound on interest rate policy. Journal of Money, Credit, and Banking 32, 1007–1035. Goodfriend, M., 2010. Central banking in the credit turmoil: An assessment of federal reserve practice. Journal of Monetary Economics forthcoming. Jung, T., Teranishi, Y., Watanabe, T., 2005. Zero bound on nominal interest rates and optimal monetary policy. Journal of Money, Credit, and Banking 37 (5), 813–836. King, R. G., 2010. Discussion of “limitations on the eﬀectiveness of forward guidance at the zero lower bound”. International Journal of Central Banking 6 (1), 191–203. King, R. G., Lu, Y. K., Past´en, E. S., 2008. Managing expectations. Journal of Money, Credit and Banking 40 (8), 1625–1666. Kohn, tute’s



D.,



2009a.



Shadow



Central



Open



bank



Market



exit



policies.



Committee



At



Metting,



the



Cato



Insti-



Washington,



D.C.



http://www.federalreserve.gov/newsevents/speech/kohn20091009a.htm.



32



Kohn, D., 2009b. Monetary policy research and the ﬁnancial crisis: Strengths and shortcomings. At the Federal Reserve Conference on Key Developments in Monetary Policy, Washington, D.C. http://www.federalreserve.gov/newsevents/speech/kohn20091009a.htm. Krugman, P., 2009. The big inﬂation scare. The Ney York Times, May 28, 2009 www.nytimes.com/2009/05/29/opinion/29krugman.html. Kydland, F. E., Prescott, E. C., 1977. Rules rather than discretion: The inconsistency of optimal plans. Journal of Political Economy 85 (3), 473–91. Levin, A., L´opez-Salido, D., Nelson, E., Yun, T., 2010. Limitations on the eﬀectiveness of forward guidance at the zero lower bound. International Journal of Central Banking 6 (1), 143–189. Lu, Y. K., 2011. Optimal policy plans with credibility concerns. Manuscript. Marcet, A., Marimon, R., 2009. Recursive contracts. Universitat Pompeu Fabra. Working Paper. Marcet, A., Sargent, T., 1989. Convergence of least-squares learning mechanisms in selfreferential linear stochastic models. Journal of Economic Theory 48, 337–368. Mueller, D., 1989. Public Choice II. Cambridge, Cambridge University Press. Nakov, A., 2008. Optimal and simple monetary policy rules with zero ﬂoor on the nominal interest rate. International Journal of Central Banking 4 (2), 73–127. Reifschneider, D., Williams, J., 2000. Three lessons for monetary policy in a low inﬂation era. Journal of Money, Credit, and Banking 32, 936–966. Roberds, W., 1987. Models of policy under stochastic replanning. International Economic Review 28 (3), 731–755.



33



Sargent, T. J., Fand, D., Goldfeld, S., 1973. Rational expectations, the real rate of interest, and the natural rate of unemployment. Brookings Papers on Economic Activity 1973 (2), 429–480. Schaumburg, E., Tambalotti, A., 2007. An investigation of the gains from commitment in monetary policy. Journal of Monetary Economics 54 (2), 302–324. Schmitt-Groh´e, S., Uribe, M., 2007. Optimal simple and implementable monetary and ﬁscal rules. Journal of Monetary Economics 54 (6), 1702–1725. Svensson, L., 2009. Transparency under ﬂexible inﬂation targeting: Experiences and challenges. Sveriges Riksbank Economic Review 1, 5–44. Svensson, L., 2010. Policy expectations and policy evaluations: The role of transparency and communication. Sveriges Riksbank Economic Review forthcoming. Sveriges Riksbank, 2009. Material for assessing monetary policy. www.riksbank.com, 1–58. Tobin, J., 1972. The wage-price mechanism: Overview of the conference. In: Eckstein, O. (Ed.), The Econometrics of Price Determination Conference. Washington D.C. Federal Reserve System, pp. 5–15. Walsh, C., 2009. Using monetary policy to stabilize economic activity. UC Santa Cruz, manuscript. Woodford, M., 2003. Interest and Prices: Foundations of a Theory of Monetary Policy. Princeton University Press. Yun, T., 1996. Nominal price rigidity, money supply endogeneity and business cycles. Journal of Monetary Economics 37 (2), 345–370.



























[image: Imperfect Credibility and the Zero Lower Bound on the ...]
Imperfect Credibility and the Zero Lower Bound on the ...












[image: Appendix â€œImperfect Credibility and the Zero Lower ...]
Appendix â€œImperfect Credibility and the Zero Lower ...












[image: Supply-Side Policies and the Zero Lower Bound]
Supply-Side Policies and the Zero Lower Bound












[image: Government Debt, the Zero Lower Bound and Monetary ...]
Government Debt, the Zero Lower Bound and Monetary ...












[image: Slow recoveries, worker heterogeneity, and the zero lower bound]
Slow recoveries, worker heterogeneity, and the zero lower bound












[image: Nonlinear Adventures at the Zero Lower Bound]
Nonlinear Adventures at the Zero Lower Bound












[image: Endogenous volatility at the zero lower bound]
Endogenous volatility at the zero lower bound












[image: Nonlinear adventures at the zero lower bound - Semantic Scholar]
Nonlinear adventures at the zero lower bound - Semantic Scholar












[image: Market Reforms at the Zero Lower Bound - Giuseppe Fiori]
Market Reforms at the Zero Lower Bound - Giuseppe Fiori












[image: Nonlinear adventures at the zero lower bound - University of ...]
Nonlinear adventures at the zero lower bound - University of ...












[image: Market Reforms at the Zero Lower Bound - Giuseppe Fiori]
Market Reforms at the Zero Lower Bound - Giuseppe Fiori












[image: Exchange Rate Policies at the Zero Lower Bound]
Exchange Rate Policies at the Zero Lower Bound












[image: Julio A. Carrillo, CÃ©line Poilly Investigating the Zero Lower Bound on ...]
Julio A. Carrillo, CÃ©line Poilly Investigating the Zero Lower Bound on ...












[image: Julio A. Carrillo, CÃ©line Poilly Investigating the Zero Lower Bound on ...]
Julio A. Carrillo, CÃ©line Poilly Investigating the Zero Lower Bound on ...












[image: Zero Lower Bound Government Spending Multipliers ...]
Zero Lower Bound Government Spending Multipliers ...












[image: Synchronized Blitz: A Lower Bound on the Forwarding ...]
Synchronized Blitz: A Lower Bound on the Forwarding ...












[image: The Expansionary Lower Bound: Contractionary ...]
The Expansionary Lower Bound: Contractionary ...












[image: Step away from the zero lower bound: Small open ...]
Step away from the zero lower bound: Small open ...












[image: Step away from the zero lower bound: Small open ...]
Step away from the zero lower bound: Small open ...












[image: Fiscal Activism and the Zero Nominal Interest Rate Bound - Dynare]
Fiscal Activism and the Zero Nominal Interest Rate Bound - Dynare












[image: Fiscal Activism and the Zero Nominal Interest Rate Bound - Dynare]
Fiscal Activism and the Zero Nominal Interest Rate Bound - Dynare












[image: A tight unconditional lower bound on distributed ...]
A tight unconditional lower bound on distributed ...












[image: Sphere Packing Lower Bound on Fingerprinting Error ...]
Sphere Packing Lower Bound on Fingerprinting Error ...















Imperfect Credibility and the Zero Lower Bound on the ...






Felsenthal, M., 2011. Fed: We can do two jobs, but if you want to change... Reuters, January ... Princeton University Press. Yun, T., 1996. Nominal price rigidity ... 






 Download PDF 



















 259KB Sizes
 0 Downloads
 215 Views








 Report























Recommend Documents







[image: alt]





Imperfect Credibility and the Zero Lower Bound on the ... 

This illustration of the time-inconsistency problem should not be confused with a .... draw connections to credibility and forecast targeting at different times. .... in 2009, the Riksbank argued in April 2009 that 50 basis point would be the lowest 














[image: alt]





Appendix â€œImperfect Credibility and the Zero Lower ... 

Both with and without price indexation, a central bank with high credibility promises and ... Thus, a low observed interest rate does not reveal high credibility.














[image: alt]





Supply-Side Policies and the Zero Lower Bound 

Mar 10, 2014 - Since the ZLB correlates in the data with low inflation, we study .... to incorporate an explicit ZLB to measure how big the potential impact from ... Licensing Requirements: Analyzing Wages and Prices for a Medical Service.














[image: alt]





Government Debt, the Zero Lower Bound and Monetary ... 

Sep 4, 2012 - mon nominal wage is denoted by Wt. Further, j t are the share of profits of intermediate goods producers that go to generation j. Moreover, t-1.














[image: alt]





Slow recoveries, worker heterogeneity, and the zero lower bound 

This compositional effect lowers the expected surplus for firms of creating new jobs. Compared to a ...... in logs relative to cyclical peak. Source: Haver analytics.














[image: alt]





Nonlinear Adventures at the Zero Lower Bound 

May 18, 2015 - JEL classification numbers: E30, E50, E60. âˆ—We thank Klaus ... Instead, nonlinearities make their effect grow exponentially. This is important,.














[image: alt]





Endogenous volatility at the zero lower bound 

Framework. Small non-linear business cycle model with price adjustment costs and ..... Speech at the Federal Reserve Conference on Key Developments in.














[image: alt]





Nonlinear adventures at the zero lower bound - Semantic Scholar 

Jun 11, 2015 - consumption, inflation, and the one auxiliary variable. The Smolyak .... t has a recursive structure in two auxiliary variables x1;t and x2;t that satisfy Îµx1;t Â¼ Ñ€ÎµÐ�1Ð®x2;t and have laws of ...... We start at the unconditional me














[image: alt]





Market Reforms at the Zero Lower Bound - Giuseppe Fiori 

Aug 3, 2017 - Reforms Conference, the European Central Bank, the European Commission, the International ...... With an open capital account, increased.














[image: alt]





Nonlinear adventures at the zero lower bound - University of ... 

Ms. Ñ€6Ð® for Ms >0. When Ms is 0, we say c. PrÑ€fRt Â¼ 1gjRt Ð�1;sÐ® Â¼ 0. Table 1 reports the values of Eq. (6) for s from 1 to 10. The probability of being at the ZLB for at least one extra period increases from 44 percent conditional on having be














[image: alt]





Market Reforms at the Zero Lower Bound - Giuseppe Fiori 

Aug 3, 2017 - URL: http://www.hec.ca/en/profs/matteo.cacciatore.html. ..... monopolistically competitive firms purchase intermediate inputs and produce ...














[image: alt]





Exchange Rate Policies at the Zero Lower Bound 

rates, deviations from interest rate parity, capital inflows, and welfare costs associated with the accumulation of .... of capital inflows, it faces a trade-off between reducing the losses associated to foreign exchange interventions and ...... gold














[image: alt]





Julio A. Carrillo, CÃ©line Poilly Investigating the Zero Lower Bound on ... 

Oct 5, 2010 - and the representative financial intermediary (lender): the lender pays a monitoring cost to observe the individual defaulted entrepreneurOs realized return, while borrowers observe it for free. This results in an increasing relationshi














[image: alt]





Julio A. Carrillo, CÃ©line Poilly Investigating the Zero Lower Bound on ... 

Oct 5, 2010 - preference shock which follows an autorregressive process of the form. %'"t e %'"t e,t where e. , and e,t iid e . The first order conditions with respect to $t ..... of the whole system and is solved using the AIM implementation (see An














[image: alt]





Zero Lower Bound Government Spending Multipliers ... 

Jan 10, 2018 - change in the fiscal experiment that accounts for the large changes in government spending multipliers. 1 ... Firms face quadratic price adjustment cost following Rotemberg (1982). Their optimal pricing behavior yields ... The model ca














[image: alt]





Synchronized Blitz: A Lower Bound on the Forwarding ... 

synchronization and its effect on the forwarding rate of a switch. We then present the ... Illustration of the Synchronized Blitz: (a) When the test starts, packet from port i is ... At the beginning of the mesh test, a packet. Synchronized Blitz: A 














[image: alt]





The Expansionary Lower Bound: Contractionary ... 

t = Gt = 0, and we also rule out balance-sheet policies by the central bank, Rt = Xt = NCB t. = 0. The role of fiscal policy and balance-sheet operations will be analyzed in section []. Finally, we set the price levels, the time-2 money supply, and t














[image: alt]





Step away from the zero lower bound: Small open ... 

May 22, 2017 - out our analysis, we build an overlapping-generations framework that ..... domestic and the ROW-produced good, expressed in terms of ..... In contrast, in a financially closed economy, the consequence is an equilibrium drop in the ... 














[image: alt]





Step away from the zero lower bound: Small open ... 

May 22, 2017 - Small open economy, secular stagnation, capital controls, optimal policy .... This is in contrast to a typical New Keynesian account of business-.














[image: alt]





Fiscal Activism and the Zero Nominal Interest Rate Bound - Dynare 

In an economy where the zero lower bound on nominal interest rates is an occa- ... the author and do not necessarily reflect those of the European Central Bank. ..... Hence, appointing the best-performing activist policymaker instead of a .... sensit














[image: alt]





Fiscal Activism and the Zero Nominal Interest Rate Bound - Dynare 

Schmidt (2014) extend the analysis of optimal time-consistent government spending policy ...... capital, nominal rigidities and the business cycle,â€� Review of Economic Dynamics, 14(2),. 225 â€“ 247. Amano, R. ..... Define Î© â‰¡ Bâˆ’1A. Since zL.














[image: alt]





A tight unconditional lower bound on distributed ... 

To the best of our ... â€ Supported in part by the following grants: Nanyang Tech- nological University ..... follow from the construction of G(Î“, Îº, Î›) described in Sec-.














[image: alt]





Sphere Packing Lower Bound on Fingerprinting Error ... 

Dept. of Electrical and Computer Engineering. Dept. of Electrical and .... coalition of size at most equal to K. To do so, it suffices to fix f. We choose the uniform ...


























×
Report Imperfect Credibility and the Zero Lower Bound on the ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















