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Appendix “Imperfect Credibility and the Zero Lower Bound on the Nominal Interest Rate” Martin Bodenstein, James Hebden, and Ricardo Nunes∗∗ Federal Reserve Board



A



Introduction The appendix is organized as follows. Section B presents the model solution. Subsection



B.1 shows the solution for the more general model with indexation. Subsection B.2 describes the numerical algorithm. Section C presents additional results for the benchmark model. Subsection C.1 describes the eﬀects of credibility and cost-push shocks. Subsection C.2 refers to the eﬀects after reneging on promises. Subsection C.3 discusses results on temptation and welfare. Subsection C.4 shows detailed ﬁgures on the interquantile ranges and the associated dynamics of inﬂation, output, and interest rates. Section D contains sensitivity analysis. Subsection D.1 refers to the results with indexation. Subsections D.2 and D.3 discuss alternative approaches to re-parameterizing the intertemporal elasticity of substitution. Subsections D.4 and D.5 oﬀer additional information and discussion about quantifying the credibility of the Federal Reserve and the Riksbank, respectively.



B



Model Solution The ﬁrst section of the appendix provides the mathematical details behind our solution



approach and discusses its computational implementation. For greater generality, we discuss the case of lagged price indexation. The model presented in the main text is obtained for ζ = 0.
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B.1



The model with Indexation



The Phillips curve with indexation is given by πt =



1 (κyt + βEt πt+1 + ζπt−1 + ut ) 1 + βζ



(B.1)



while the aggregate demand curve and the shock processes remain unchanged yt = Et yt+1 − σ (it − Et πt+1 ) + gt



(B.2)



ut = ρu ut−1 + εu,t



(B.3)



gt = ρg gt−1 + εg,t .



(B.4)



As in Woodford (2003), the per period utility function is assumed to be Ut = − (πt − ζπt−1 )2 − λyt 2 .



(B.5)



Following Marcet and Marimon (2009), the problem of the monetary authority written in its Lagrangian form is given by V (πt−1 , ut , gt ) = min 1 2



max Et



{γt ,γt } {yt ,πt ,it }



 1 + γt πt −



(B.6) ∞ 



(βη)t {− (πt − ζπt−1 )2 − λyt2 + β(1 − η)Et V (πt , ut+1 , gt+1 )



  1 1 κyt + βηEt πt+1 + β (1 − η) Et Ψ (πt ) + ζπt−1 + ut 1 + βζ     + γt2 −yt + ηEt yt+1 + (1 − η) Et Ψ2 (πt ) − σ it − ηEt πt+1 − (1 − η) Et Ψ1 (πt ) + gt } t=0







s.t.it ≥ −r ∗ ut = ρu ut−1 + εu,t gt = ρg gt−1 + εg,t . Note, the value V (πt−1 , ut , gt ) depends on the state of the shocks and past inﬂation. The policy functions under discretion are: D ≡ Ψ1 (πt , ut+1 , gt+1 , μ1t = 0, μ2t = 0) πt+1



(B.7)



D yt+1 ≡ Ψ2 (πt , ut+1 , gt+1 , μ1t = 0, μ2t = 0).



(B.8)
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For convenience we adopt the short notation D ≡ Ψ1 (πt ) πt+1 D ≡ Ψ2 (πt ). yt+1



(B.9) (B.10)



Without (partial) indexation, the value V and policy functions (Ψ1 , Ψ2 ) do not depend on past inﬂation. Rewriting the Lagrangean V (πt−1 , ut , gt ) = min 1 2



max Et



{γt ,γt } {yt ,πt ,it }



 1 + γt πt −



(B.11) ∞ 



(βη)t {− (πt − ζπt−1 )2 − λyt2 + β(1 − η)Et V (πt , ut+1 , gt+1 )



  1 1  1 κyt + β (1 − η) Et Ψ (πt ) + ζπt−1 + ut − Iη μ1 πt 1 + βζ 1 + βζ t     1 + γt2 −yt + (1 − η) Et Ψ2 (πt ) − σ it − (1 − η) Et Ψ1 (πt ) + gt + Iη μ2t (yt + σπt )} β t=0



s.t.it ≥ −r ∗ ut = ρu ut−1 + εu,t gt = ρg gt−1 + εg,t 1 μ1t = γt−1 , μ10 = 0 2 , μ20 = 0 μ2t = γt−1



where Iη = 0 if η = 0, and Iη = 1 if η = 0. The value function can be written recursively as V (πt−1 , ut , gt , μ1t , μ2t ) = min 1 2



max h(πt−1 , yt , πt , it , γt1 , γt2 , μ1t , μ2t , ut , gt )



{γt ,γt } {yt ,πt ,it }



+ βηEt V (πt , ut+1 , gt+1 , μ1t+1 , μ2t+1 ) + β(1 − η)Et V (πt , ut+1 , gt+1 , 0, 0)
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(B.12)



where h(πt−1 , yt , πt , it , γt1 , γt2 , μ1t , μ2t , ut, gt )



(B.13)



≡ − (πt − ζπt−1 )2 − λyt2    1  1 1 κyt + β (1 − η) Et Ψ (πt ) + ζπt−1 + ut + γt πt − 1 + βζ     + γt2 −yt + (1 − η) Et Ψ2 (πt ) − σ it − (1 − η) Et Ψ1 (πt ) + gt − Iη



B.2



1 1 μ1t πt + Iη μ2t (yt + σπt ) 1 + βζ β



Solution Algorithm



We use value function iteration to solve the Bellman equation (B.12). The number of collocation nodes that span the state space (πt−1 , ut , gt , μ1t , μ2t ) ⊂R5 is N = 160650. The solution algorithm is as follows 1. Make initial guesses for V , Ψ1 , and Ψ2 at the collocation nodes. The solutions of models that do not impose the zero lower bound or do not have indexation can be used as the starting guesses for models with these features. 2. Construct multivariate tensor product spline approximations of V , Ψ1 , and Ψ2 . Update V to V  by solving the min max problem at each collocation node. In practice, we solve a minimization problem over all state variables subject to nonlinear constraints that correspond to the ﬁrst order conditions of the maximization problem. Expectations of V , Ψ1 , and Ψ2 are approximated using 9 Gauss-Hermite quadrature nodes. 3. Update Ψ1 and Ψ2 to Ψ1 and Ψ2 using the arguments πt and yt of the min max problem, respectively. 4. Repeat steps 2 and 3 until max [|V  − V |max , |Ψ1 − Ψ1 |max , |Ψ2 − Ψ2 |max ] < tol where tol > 0 and ||max indicates the maximum absolute norm. The choice of collocation nodes requires some experimentation. We concentrate the nodes where the splines exhibit more curvature. Additionally, the location of the nodes is guided 4



by the distribution of values (πt−1 , ut , gt , μ1t , μ2t ) that are encountered in simulations, such that we do not evaluate the functions outside of the grid of collocation nodes. In the numerical implementation we set tol = 10−6 and used cubic tensor splines. We examined the robustness of the results with diﬀerent splines and collocation grids.



C



Additional Results for the Benchmark Model



C.1



Credibility and cost-push shocks



To illustrate the eﬀects of imperfect credibility in a simple example, we ﬁrst examine the familiar response of the economy to a cost-push shock. Figure A.1 plots the responses of the nominal interest rate in levels ˜it , the output gap yt , and the inﬂation rate πt to a negative i.i.d. cost push shock (i.e., u1 = −σu , g1 = 0, and (εu,t , εg,t ) = 0 ∀t ≥ 2). Under full discretion, the economy experiences price deﬂation and an expansion in output. In the second period, the cost-push shock vanishes and inﬂation and output are back to target.1 This is not the case with full commitment. The monetary authority promises to keep the interest rate below its long-run value, thus causing persistent inﬂation and elevated output. Consequently, the initial impact of the shock is dampened. For the imperfect credibility settings with α = 2 and α = 4, Figure A.1 considers the speciﬁc history in which the monetary authority reneges in period 5 only (x5 = D, xt = C ∀t = 5). Until period 4, the output gap and inﬂation are kept above target, honoring the monetary authority’s past promises. In period 5, policy is re-optimized and it is feasible to bring output and inﬂation back to target. Since private agents are aware of the possibility of such future policy renouncements, the task of the central bank is adversely aﬀected: in the ﬁrst period the central bank does not stabilize the economy as eﬀectively as under full commitment. 1



As we solve for the model using global methods rather than linear methods, the long-run responses under full discretion do not return to zero in the presence of an occasionally binding constraint due to precautionary motives. For the case of full commitment the responses converge to nearly zero as is the case in Adam and Billi (2006).
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C.2



After Reneging on Promises



Once the economy has exited from the zero bound, it is immaterial whether new commitments are made after a policy renouncement. After exiting from the zero lower bound, commitments hardly have additional value with respect to the demand shocks. Figure A.2 shows that after a default in period 6, the projected path with xt = C ∀t ≥ 7 and the path with xt = D ∀t ≥ 7 overlap.2



C.3



Temptation and Welfare



The exact nature of the time-inconsistency problem faced by the central bank is illustrated by the welfare analysis in Figure A.3. We plot the welfare gain from a random default in period T relative to staying committed, VT,xT =D − VT,xT =C . VT,xT is the present discounted value of the central bank’s utility from T onwards with realization xT .3 In period 1, the economy experiences a large contractionary demand shock, g1 = −10, that pushes the interest rate down to zero. Afterwards no cost-push or demand shocks realize. In all periods prior to period T, the policymaker is assumed to honor her promises. The temptation to renege is the highest in period 3. Revisiting the middle panel of Figure 1 of the main text 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 in any other.4



C.4



Forecast Uncertainty – Interquantile Range: additional figures



Figure A.4 plots the interquantile range for full discretion, full commitment, and α = 4. Figures A.5 to A.7 plot for each level of credibility the associated dynamics of inﬂation, output, 2



In creating Figure A.2, we set xt = C ∀t ≤ 5. Furthermore, the realized values of the shocks to demand and costs are zero after period 1. If the economy experiences additional shocks after exiting the zero bound, new commitments can be important. 3 For a ﬁxed default probability η, the central bank achieves higher utility in a given period when reoptimization occurs. In equation (9) the last two terms make the problem recursive but are not welfare relevant. In the computations we consider only the welfare relevant terms, which would be equivalent to computing the discounted sum of the period utility function in equation (6). 4 Note that in Figure A.3 the innovations of the cost push and demand shocks are set to zero (εu,t , εg,t ) = 0 ∀t < T while in Figure 4 in the main text the shocks (εu,t , εg,t ) are drawn from their respective distributions.
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and the interest rate.



D



Sensitivity Analysis In this section, we conduct two robustness exercises with respect to partial price indexation



and the intertemporal elasticity of substitution.



D.1



Indexation



Gal´ı and Gertler (1999) and several other empirical studies have found that inﬂation dynamics are also aﬀected by backward-looking behavior giving rise to the hybrid Phillips. A ﬁrm j that is not allowed to optimally reset its price in the current period adjusts the price mechanically by log pt (j) = log pt−1 (j) + ζπt−1 .



(D.14)



Introducing indexation signiﬁcantly complicates the solution method. First, lagged inﬂation increases the number of state variables to 5. Second, inﬂation can be used strategically to inﬂuence future decisions. The central bank anticipates future decisions and understands that, although it cannot commit to future actions, it can aﬀect future decisions through the inﬂation process. In the solution procedure, this strategic interaction means that both the level and the derivative of the policy function need to be accounted for. Figure A.8 repeats the exercise shown in Figure 2 of the main text for an indexation parameter ζ equal to 0.14.5 The qualitative features pointed out earlier remain unchanged. Quantita5



For values of ζ > 0.14 the solution algorithm does not converge for all cases. For high values of ζ and low credibility the recession and the deﬂation can be quite severe, creating convergence problems in the algorithm. Adam and Billi (2007) also report similar issues. Although in principle our model would allow for the economy to get permanently trapped at the zero bound, we do not think that the benchmark New Keynesian Model is ideal for analyzing such a case. Would the Calvo price model still be a good description of ﬁrms’ pricing behavior under permanently expected deﬂation? What other channels that are not captured in our model would aﬀect economic activity, e.g. debt deﬂation? An equilibrium may not exist under full discretion but may exist under full commitment. For example, Martin (2010) discusses analytically such a case in a model of ﬁscal policy. While non-existence can be encountered in many models, a proof of non-existence is hard to obtain in complex models such as ours. In our case, the non-convergence of our algorithm for some parameterizations under low credibility most likely reﬂects the non-existence of a rational expectations equilibrium. We have arrived at this conclusion after experimenting with a version of the model that assumes perfect foresight and full discretion. In this case, a numerical solution of the model basically relies on easy-to-implement backward iteration. For a given degree
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tively, price indexation reinforces the problems posed by the zero bound constraint. Indexation is particularly painful for a discretionary central bank because the central bank already cannot control expectations and price indexation adds momentum. Both with and without price indexation, a central bank with high credibility promises and implements an interest rate path that supports a post-recession boom with elevated inﬂation and a positive output gap. A monetary authority that acts under full discretion does not allow inﬂation and the output gap to exceed their target levels. In contrast to Figure 2, the observed interest rate under full discretion never lies above the interest rate under full commitment when prices are partially indexed. Thus, a low observed interest rate does not reveal high credibility. The committed policymaker can avoid a deep recession and still implement a higher path of the interest rate because her commitments are conditional on future economic outcomes. If an additional shock occurred, the central bank would adjust the promised interest rate path in accordance with its credible and fully state contingent plan.6 Unable to make highly credible state contingent promises, a monetary authority with low credibility falls into a deep recession to which partial indexation adds momentum. As a result, the observed interest rate path remains below the interest rate path shown under full commitment. The incentives and eﬀects of renouncements under imperfect credibility cannot be inferred by simply comparing the full commitment and full discretion case. Although the interest rate path under full discretion is kept below the path under full commitment, a renouncement under imperfect credibility still implies higher interest rates than promised earlier. of indexation, negative demand shocks above a certain threshold level are compatible with equilibrium, but no rational expectations equilibrium (for which the zero bound does not bind permanently) exists for negative shocks below this threshold level. Under full commitment, however, we could always ﬁnd a rational expectations equilibrium for which the zero bound does not bind permanently. In solving the fully stochastic model with global methods, the same issues arose. Increasing the degree of indexation or the volatility of demand shocks seemed to cause non-convergence under low levels of credibility, but we could still compute a solution under high levels of credibility. 6 This reasoning is supported by the fact that under perfect foresight and partial indexation, a fully committed central bank implements an interest rate path that lies below the path implemented by a policymaker acting with full discretion.
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D.2



Intertemporal elasticity of substitution



Our baseline value for the intertemporal elasticity of substitution (σ) has been 6.25. In line with the literature, a high value of σ is supposed to capture interest rate sensitive demand for investment that is not modeled explicitly. However, a literal interpretation of our model requires a lower value of σ. Figure A.9 plots the distribution of impulse response functions with default uncertainty only for σ = 5.00 and σ = 6.25.7 As stated in equation (4), the demand shock g aﬀects aggregate demand equally irrespective of the value of σ. With a lower value of σ, the nominal interest rate must be adjusted more aggressively in order to aﬀect the path of the economy and the zero lower bound constraint becomes more problematic. Therefore, for lower values of σ the uncertainty stemming from imperfect credibility increases considerably. In period 4, the interquantile range for inﬂation roughly doubles. Furthermore, the central bank does not manage to stabilize the economy as eﬀectively. The recession is more pronounced and both inﬂation and output rise higher above target during the post-recession boom.



D.3



Intertemporal elasticity of substitution – alternative calibration



In the exercise described in the previous section, we reduced the value of σ but left all remaining parameters unchanged (including the volatility of the demand shock). We have done so in order to isolate the eﬀects of σ for a given volatility of the demand shocks. That analysis allowed us to show that, for a given volatility of the shocks aﬀecting the IS equation, a lower σ exacerbates the time inconsistency associated with the zero lower bound. However, in the derivation of the demand equation, the demand shock (g) shock is premultiplied by σ. Therefore, the calibration of the demand shock needs to be adjusted. To facilitate comparison with the work of Adam and Billi (2006, 2007) we opted for the same model alternative parameterization as these authors which is summarized in Table A.1. 7



For values of σ < 5 the solution algorithm does not converge for all cases. For low values of σ, the nominal interest rate may stay at zero for a very extended period in a deep recession, preventing our algorithm from converging. To circumvent this problem, one could reduce σg and consider alternative calibrations. We opted to leave all the other parameters unchanged to facilitate comparisons.
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Figure A.10 shows that in the alternative calibration the time-inconsistency is still problematic. Relative to the benchmark calibration, two opposing forces are present. On the one hand, a lower value of σ requires larger movements of the interest rate, which makes the zero lower bound constraint more important. On the other hand, a lower volatility of the demand shocks reduces the probability that the zero lower bound constraint becomes binding. In contrast to the benchnmark model, output seems to be more stabilized than inﬂation. This pattern occurs because the output-gap weight in the loss function and the slope of the Phillips curve are now larger. Table A.1: Alternative Parameterization parameter β υ σ ω θ κ λ ρu σu ρg σg



D.4



value 0.9913 0.66 1.0 0.47 7.66 0.057 0.007 0.36 0.171 0.8 0.294



economic meaning discount factor prob. 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 std. cost push shock persistence demand shock std. demand shock



Quantifying the Credibility of the Federal Reserve



To assess the robustness of the exercise in the main text, we examined two alternative weighting schemes for the distance function in equation 10. Both weighting schemes conﬁrm that the credibility of the Federal Reserve has been low during the recent crisis. The ﬁrst alternative scheme used quarterly inﬂation rates rather than annualized ones (in both cases inﬂation is relative to the previous quarter) thus reducing the weights on the inﬂation terms by a factor of 16 relative to the benchmark case. In the second robustness exercise, we set the weight on the output gap in the distance function as to preserve the relative weights 10



of the central bank’s utility function (ωjy = 16λ = 0.048). Figure A.11 plots the benchmark and the two robustness exercises. All cases suggest that the level of credibility is low with approximately η < 0.5 or α < 2. The last row of panels in the ﬁgure shows the results of our exercise when prices are indexed (ζ = 0.1) as described in Section B.1 of this appendix. Using our benchmark weights in the objective function, we ﬁnd again that the level of credibility is low with approximately η < 0.5 or α < 2. The data for the US can be obtained through the Federal Reserve Economic Data (FRED). The value y2009:Q3 is consistent with the CBO output gap and a linearly or quadratically detrended measure of the output gap. Inﬂation is calculated with the GDP deﬂator.



D.5



Quantifying the Credibility of the Riksbank



In the exercise quantifying the credibility of the Riksbank we employ the following distance function d(α, g1) with



d(α, g1) = ω1y (y1 (α, g1) − y2009:Q2 )2 + ω1π (4π 1 (α, g1 ) − π2009:Q2 )2 T  + ωji (spreadmodel,j (α, g1 ) − spreaddata,j )2 ,



(D.15)



j=1



where spreadmodel,j and spreaddata,j measure the divergence between the central bank announcement and private sector expectations in the model and the data, respectively. Following the data, we set initial output gap and inﬂation (in deviation from a target value of 2%) to be -5.95% and -2.51%. The expected and announced paths are plotted in Figure A.12. Figure A.13 plots the distance function for Sweden and the demand shock. In the benchmark exercise, the initial values of inﬂation and the output gap, as well as each point of the interest rate path receive equal weight (ω1y = ω1π = ωji = 1). The minimum is obtained for η = 0.55 or equivalently α = 2.22. In an alternative calibration, each point in the interest rate spread path is weighted by the inverse of the total number of points in that path. In other words, the entire interest rate spread path (as opposed to each point) receives the same weight as the 11



initial conditions on inﬂation and output. The middle panel of ﬁgure A.13 plots this case. The results did not change substantially, the minimum was obtained for η = 0.45 or equivalently α = 1.81. When allowing for price indexation (ζ = 0.1) using the same weights as in our benchmark analysis, we obtain very similar results to those displayed in the top panel. The benchmark exercise sets the interest rate announced by the central bank to be equal to the interest rate for the case that the central bank does not default. This interpretation is motivated by the fact that under commitment expectations need to be managed, and the central bank needs to make public its commitment path in order to achieve gains from commitment to start with (see discussion in the main text). This interpretation does not mean that the central bank is more optimistic than the private sector about the probability of keeping promises η. We explore this case in the following. Let the central bank and the private sector perception of η be ηcb and ηps , respectively. Also, the central bank is fully aware that the private sector perceives the central bank’s credibility to be ηps . Following the steps in Debortoli and Nunes (2010), it can be shown that ηcb appears in the objective function, which summarizes the perception of the central bank regarding future reoptimizations. In contrast, ηps appears in the constraints (Phillips and IS curves), which summarize the behavior and expectations of the private sector. The parameter ηps only aﬀects the way in which the private sector forms expectations, while the structural parameters mapping expectations to outcomes remain unchanged. This problem can be written as
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V (πt−1 , ut, gt ) = min 1 2



max Et



{γt ,γt } {yt ,πt ,it }



∞ 



(βηcb)t {− (πt − απt−1 )2 − λyt2 + β(1 − ηcb )Et V (πt , ut+1 , gt+1 )



t=0



(D.16)  



 1 + γt πt −



1  κyt + βηps Et πt+1 + β (1 − ηps ) Et Ψ1 (πt ) + απt−1 + ut 1 + βα     + γt2 −yt + ηps Et yt+1 + (1 − ηps ) Et Ψ2 (πt ) − σ it − ηps Et πt+1 − (1 − ηps ) Et Ψ1 (πt ) + gt }



s.t.it ≥ −r ∗ ut = ρu ut−1 + εu,t gt = ρg gt−1 + εg,t , The probability distribution of the default shocks still obeys the distribution p(C) = η and p(D) = 1 − η. This formulation can be written recursively and mapped into the framework of Marcet and Marimon (2009) and Debortoli and Nunes (2010) (not shown for brevity). The ﬁrst order conditions are then given by



1 ηps 1 μ+ − 2 (πt − απt−1 ) + 2βηcb α (πt+1 − απt ) + γt1 − Iηps ηcb 1 + βα ηcb t     D βηcb α 1 σ ηps 2 α 1,D γ + β(1 − ηcb ) 2α πt+1 − απt − γt+1 μ − + Iηps ηcb + β ηcb t 1 + βα t+1 1 + βα β (1 − ηps ) Et Ψ1πt + γt2 (1 − ηps ) Et Ψ2πt + γt2 σ (1 − ηps ) Et Ψ1πt = 0 (D.17) − γt1 1 + βα 1 ηps 2 κ γt1 − γt2 + Iηps ηcb μ =0 (D.18) − 2λyt − 1 + βα β ηcb t γt2 (it + r ∗ ) = 0, γt2 ≥ 0, it ≥ −r ∗ .



(D.19)



First, while it is plausible to assume that ηcb and ηps can diﬀer in the short-run, it is less realistic to assume that such diﬀerences persist in the long-run. The spirit of this exercise is to provide a robustness analysis and examine possible short-run divergences in the credibility parameter. One could consider ηcb and ηps to be shocks that only diﬀer in the short-run. However, such an approach would introduce yet another state-variable. 13



Second, the true parameter η deﬁnes the true proportion of defaults in the model and therefore aﬀects the realized simulations. However, given initial conditions in the economy, expectations at time t of the central bank and the private sector are only governed by ηcb and ηps , respectively. Since our algorithm only matches expectations, it does not take a stance on whether the central bank or the private sector are correct about the probability of reoptimization. Having said that, even the case ηps < ηcb = η should be interpreted as lack of credibility since the private sector does not believe the promises of the central bank. In contrast to the benchmark exercise in the main text, in this robustness exercise we consider the interest rate announced by the Riksbank to incorporate defaults with probability 1 − ηcb . We ﬁxed ηcb and searched over a grid of ηps and g1 . Figure A.14 plots the results for ηcb = 0.9 and 0.5. The minimum of the distance function was obtained for ηps = 0.4 and ηps = 0.1. These results are in accordance with the view that the credibility of Riksbank in the zero lower bound period was imperfect and low. In this speciﬁcation very low levels of credibility ﬁt the data well as opposed to the U shape pattern of the distance function in the benchmark case (where low levels of credibility do not ﬁt the data as well as intermediate ones). In the benchmark case, when credibility is very low the announced interest rate of the central bank starts to be too extreme and the divergence between announced and expected interest rates is not matched well. In the robustness exercise with ηcb = ηps , that mismatch of low levels of credibility is no longer present for two reasons. First, if ηps is low, the costs of extreme promises are higher. The public does not believe the promises, and the central bank believes that it will have to incur the cost of delivering such promises with a higher probability. Second, in this exercise we are considering the central bank’s announced interest rate path to incorporate re-optimizations. Thus, the path is less extreme even for low levels of credibility. Overall, this robustness exercise strengthens the view that credibility is low. The data on the repo-rate path, private expectations, and central bank announcements is available from the Riksbank. The remaining data can be obtained through “Statistics Sweden”. We have set the initial output-gap to be -6%. This value corresponds to the average of a linearly
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and quadratically detrended output-gaps (-7.1% and -4.8%). As the Riksbank attempts to keep CPI inﬂation around 2%, we set the initial value of inﬂation in deviation from this target value.
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Figure A.1: Cost-push Shock under Imperfect Credibility



3.8



1.4 1.2 1



3.4



0.8



y



˜i (annualized)



3.6



0.6



3.2



0.4 3 2.8



0.2 0



2



4



6



8



0



10



0



2



4



6



8



0.2 full commitment



π (annualized)



0



α=4, x5=D −0.2 α=2, x =D 5



−0.4



−0.6



full discretion



0



2



4



6



8



10



Notes: the ﬁgure plots the response to a negative cost-push shock. The shocks are initialized at εu,1 = −σu , εg,1 = 0, and (εu,t , εg,t ) = 0 ∀t ≥ 2. For the imperfect commitment cases (α = 2 and α = 4), the ﬁgure plots the speciﬁc history with x5 = D, xt = C ∀t = 5.
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Figure A.2: Imperfect Credibility and the Zero Lower Bound – After Reneging on Promises
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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. All cases refer to imperfect credibility with α = 4. The ﬁrst line plots the speciﬁc history xt = C ∀t; the second line plots the speciﬁc history xt = C ∀t = 6; the third line plots the speciﬁc history xt = C∀t < 6.
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Figure A.3: Welfare Gains from Default
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Notes: the ﬁgure plots the period T expectation of the gain in discounted welfare due to a default in period T , for the case of imperfect credibility with α = 4 and the speciﬁc histories xt = C ∀t < T . The shocks are initialized at u1 = 0, g1 = −10, and (εu,t , εg,t ) = 0 ∀t < T .
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Figure A.4: 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. For the full commitment and full discretion cases, there is no uncertainty with regard to xt shocks.
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Figure A.5: Forecast Uncertainty – Interquantile Range: Full discretion
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Figure A.6: Forecast Uncertainty – Interquantile Range: Full Commitment
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Figure A.7: Forecast Uncertainty – Interquantile Range: α = 4
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Figure A.8: Distribution of Impulse Response Functions – Default Uncertainty Only - Indexation



Notes: see notes to ﬁgure 2 in the paper. The indexation parameter is ζ = 0.14



Figure A.9: Impulse Response Functions – Default Uncertainty Only - sensitivity to σ



Notes: see notes to ﬁgure 2 in the paper. The intertemporal elasticity of substitution (σ) is set to 6.25 and 5.00.
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Figure A.10: Impulse Response Functions – Default Uncertainty Only - sensitivity to σ



Notes: see notes to ﬁgure 2 in the paper. This ﬁgure compares the benchmark calibration (σ = 6.25) with the alternative calibration displayed in Table A.1.



Figure A.11: Credibility of US monetary policy – robustness
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Notes: see notes to ﬁgure 5 in the paper.
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Figure A.12: Data on expected and announced repo rate path
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Notes: the upper panel plots the expected and announced repo rate path from the data. The lower panel plots the diﬀerence, which is the variable to be matched in the distance function. We are not matching 2009Q2 because the model is initialized on that date and expectations are only available for the next quarter. Or alternatively, the divergence in the model is zero and common across credibility levels and therefore does not inﬂuence the results.



Figure A.13: Credibility of Riksbank’s monetary policy – robustness
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Notes: the upper and middle panels correspond to the benchmark and robustness exercises, respectively. The lower panel corresponds to the model with indexation. The left column plots the g shock and the right column plots the distance function.
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Figure A.14: Credibility of Riksbank’s monetary policy – robustness ηcb = ηps Sweden, ηcb =0.9 −7
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Notes: the upper and lower panel correspond to ηcb = 0.9 and ηcb = 0.5, respectively. The left column plots the g shock and the right column plots the distance function. The horizontal axis always refers to ηps .
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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. 
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