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Motivation

Decline in r �, possibly permanent

Implications for monetary policy ) higher ELB incidence, given an
unchanged strategy

Question: Should the monetary policy strategy be adjusted in the face of
a lower r �?
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Motivation

Decline in r �, possibly permanent

Implications for monetary policy ) higher ELB incidence, given an
unchanged strategy

Question: Should the monetary policy strategy be adjusted in the face of
a lower r �?

- Should the in�ation target be raised, given an unchanged policy rule?
- Should the policy rule be modi�ed, given an unchanged in�ation target?

This paper: quantitative analysis based on an estimated NK model of the
euro area economy

Follow up on the U.S.-based analysis in Andrade et al. (2020)
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Preview of Main Findings

Given the estimated rule, the current in�ation target (π� . 2%) is
suboptimal if r � < 2%

Keeping that rule unchanged, a 1% decrease in r � calls for a 0.9%
increase in π� (1.7%) 2.6%)

Alternatives to raising the in�ation target:

- aggressive countercyclical �scal policy
- modifying the rule to incorporate a su¢ ciently strong "make-up"
component
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Related literature

Quantitative analyses of π�: Khan et al. (2003), Schmitt-Grohé and
Uribe (2010), Amano et al. (2009), Carlsson and Westermark (2016),
Bilbiie et al. (2014), Ascari et al. (2015), Adam and Weber (2019),
Lepetit (2018),...

Quantitative analyses of π� with a ZLB/ELB constraint: Coibion et al.
(2012), Dordal-i-Carreras et al. (2016), Kiley and Roberts (2017), Blanco
(2016),...

Our contribution: explicit analysis of the relation between r � and π�

Main caveat: "within the model" analysis
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The Model

Medium-scale NK model

Non-zero trend in�ation

Staggered price and wage setting à la Calvo

Imperfect indexation of prices to lagged price in�ation; and of wages to
lagged price in�ation and productivity.

Shocks: risk premium, marginal utility of consumption, technology,
monetary policy, price and wage markups

Trend growth ) r � = ρ+ µz
Baseline monetary policy rule

it = maxfint , eg

int = (1� ρi )i + ρi i
n
t�1 + (1� ρi ) [aπ(πt � π) + axxt ] + ζr ,t

with i = r � + π and where π de�nes the in�ation target ( 6= Efπtg)
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Solution Method

1 Detrending of non-stationary quantities by technology parameter
2 Log-linearization around deterministic steady state.
3 Solution under the ZLB as in Bodenstein et al. (2009) and Guerrieri and
Iacoviello (2015)
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Calibration and Estimation

Calibrated parameters: 1/φ = 0.7 ; θp = 6 ; θw = 3 ; e = �0.5/4
Remaining parameters estimated using Bayesian approach on the model
without ZLB and sample period 1985Q1-2014Q4

Gaussian priors for (ρ, µz ,π) with means consistent with in�ation, GDP
growth and real rate averages.

Vector of observables:

xt = [∆ logGDPt , ∆ logGDP De�atort , ∆ logWaget , Short term ratet ]

Some model properties
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π*=2% (annualized) 



r*=1% (annualized) 



The Optimal In�ation Target

Second order approximation to household expected utility: W(π; θ)
The optimal in�ation target

π�(θ) = argmax
π
W(π; θ)

with solution obtained via numerical simulations allowing for occasionally
binding ZLB, and with θ taken to be the mean of the posterior
distribution of parameter estimates
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The Optimal In�ation Target

Second order approximation to household expected utility: W(π; θ)
The optimal in�ation target

π�(θ) = argmax
π
W(π; θ)

with solution obtained via numerical simulations allowing for occasionally
binding ZLB, and with θ taken to be the mean of the posterior
distribution of parameter estimates.

The baseline (r �,π�) relation:

(a) varying µz
(b) varying ρ
while keeping other parameters at their posterior mean
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2.6% 

1.7% 

local slope= -0.9 



Alternative Strategies

Emergency Fiscal Package (4% of output, ρg = 0.85, triggered when
cumulative output gap is �6%)
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Emergency Fiscal Package 



Alternative Strategies

Emergency Fiscal Package (4% of output, ρg = 0.85, triggered when
cumulative output gap is �6%)
Alternative E¤ective Lower Bound: e 2 f0,�0.5, 0.8g (annualized)
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Alternative Effective Lower Bounds 



Alternative Strategies

Emergency Fiscal Package (4% of output, ρg = 0.85, triggered when
cumulative output gap is �6%)
Alternative E¤ective Lower Bound: e 2 f0,�0.5, 0.8g (annualized)
Alternative inertia coe¢ cients: ρi 2 f0.8, 0.87, 0.95g
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Alternative Inertia Coefficients 



Alternative Strategies

Emergency Fiscal Package (4% of output, ρg = 0.85, triggered when
cumulative output gap is �6%)
Alternative E¤ective Lower Bound: e 2 f0,�0.5, 0.8g (annualized)
Alternative inertia coe¢ cients: ρi 2 f0.8, 0.87, 0.95g
Price level targeting:

int � i = ρi (i
n
t�1 � i) + (1� ρi ) [ap(pt � p�t ) + axxt ] + ζr ,t

where p�t = p0 + π � t and ap 2 f0.1, 0.5g
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Price Level Targeting 



Alternative Strategies

Emergency Fiscal Package (4% of output, ρg = 0.85, triggered when
cumulative output gap is �6%)
Alternative E¤ective Lower Bound: e 2 f0,�0.5, 0.8g (annualized)
Alternative inertia coe¢ cients: ρi 2 f0.8, 0.87, 0.95g
Price level targeting:

int � i = ρi (i
n
t�1 � i) + (1� ρi ) [ap(pt � p�t ) + axxt ] + ζr ,t

where p�t = p0 + π � t and ap 2 f0.1, 0.5g
Average in�ation targeting:

int � i = ρi (i
n
t�1 � i) + (1� ρi ) [ap(π

a
t � π) + axxt ] + ζr ,t

where πat = (1/H)∑H�1
h=0 πt�h and H 2 f1, 16, 32g
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Average Inflation Targeting 



Summary and Conclusions

Quantitative assessment of the optimal in�ation target in the euro area,
as a function of r � and under an ELB constraint.

Under the baseline estimated policy rule, a (local) decline in r � calls for a
close to one-for-one (0.9) increase in the in�ation target ) marginal
costs of in�ation are low compared to the stabilization bene�ts of a higher
nominal rate

If r � has declined signi�cantly and the rule is unchanged, the current
"below but close to 2%" target is suboptimal

Alternatives to a higher in�ation target:

- more aggressive countercyclical �scal policies
- more aggressive "lower for longer" forward guidance
- average in�ation targeting
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The Model

Representative household with preferences:

Et

∞

∑
s=0

βs
�
eζg ,t+s log(Ct+s � ηCt+s�1)�

χ

1+ ν

Z 1

0
Nt+s (h)1+νdh

�
and budget constraint

PtCt + eζq,tQtBt �
Z 1

0
Wt (h)Nt (h)dh+ Bt�1 � Tt +Dt

Final goods: perfect competition with technology

Yt =
�Z 1

0
Yt (f )(θp�1)/θpdf

�θp/(θp�1)

Intermediate goods: monopolistic competition with technology

Yt (f ) = ZtLt (f )1/φ

where Zt = Zt�1eµz+ζz ,t
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The Model

Price setting à la Calvo, with stochastic subsidies ζu,t , and partial
indexation

Pt (f ) = Π
γp
t�1Pt�1(f )

Wage setting à la Calvo, with partial indexation

Wt (h) = eγzµz Πγw
t�1Wt�1(h)

Interest rate rule:
it = maxfint , 0g

where

int � i = ρi (i
n
t�1 � i) + (1� ρi ) [aπ(πt � π) + ay (yt � ynt )] + ζr ,t

with i = ρ+ µz + π and where π de�nes the in�ation target.
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An Incorrect Argument

"The e¤ects of a decline in r �, independently of its source, can be exactly
o¤set by a commensurate increase in the in�ation target π"
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An Incorrect Argument

"The e¤ects of a decline in r �, independently of its source, can be exactly
o¤set by a commensurate increase in the in�ation target π"

The argument ignores:

(i) An increase in in�ation has (permanent) welfare costs of its own.
(ii) Changes in ρ and µz have di¤erent e¤ects on wage in�ation (given π)
(iii) Changes in (ρ, µz ) a¤ect the equilibrium dynamics independently of π

These are the e¤ects that we seek to evaluate.
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