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Motivation

@ Evidence of a decline in the natural rate of interest
@ Implications for monetary policy = T incidence of the ZLB

e Calls for a higher inflation target (Ball, Blanchard et al., Williams,...)

= Is a higher inflation target warranted? How much higher?
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Motivation

@ Evidence of a decline in the natural rate of interest
@ Implications for monetary policy = T incidence of the ZLB

e Call for a higher inflation target (Ball, Blanchard et al., Williams,...)

= Is a higher inflation target warranted? How much higher?

@ This paper:

- quantitative analysis of the optimal inflation target (7t*) as a function of
the steady state real rate (r*)

- based on an estimated medium-scale NK model (US and euro area)

- focus on the role of parameter uncertainty

P. Andrade, J. Gali, H. Le Bihan, J. Mathero Optimal Inflation and the Natural Rate December 2018 3/21



Main Findings

@ The relation between r* and 7t* is downward sloping, but not necessarily
one-for-one

e For a plausible range of r* the slope of the (r*, 1*) locus is about —0.9

@ That finding is robust to:

- parameter uncertainty
- source of variation in r*
- alternative assumptions
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Related literature

e Quantitative analysis of the optimal inflation target: 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 (2017), Lepetit (2018),...

@ Quantitative analysis of the optimal inflation target in the presence of the
ZLB: 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 7*
- joint modelling of (i) price and wage stickiness (with partial indexation)

and (ii) a ZLB constraint
- optimization under parameter uncertainty
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The Model
@ Representative household with preferences:

- 1
IEt Z ﬁs {egg,ws IOg(Ct+s - 77Ct+571) — ] X / Nt+s(h)1+vdh}
s=0 +v Jo

and budget constraint
1
PtCt—i—eéWQtBt S /0 Wt(h)Nt(h)dh‘FBtfl - Tt—|—Dt

o Final goods: perfect competition with technology

1 Gp/(epfl)
Y, = (/ Yt(f)(ep‘l)/epdf)
0

@ Intermediate goods: monopolistic competition with technology
Yt(f) — ZtLt(f)l/(P
where Z, = Z,_jel=HCx
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The Model

@ Price setting a la Calvo, with stochastic subsidies {, ;, and partial

indexation
Pe(f) = T1,7, Pe1 ()

@ Wage setting a la Calvo, with partial indexation
W;(h) = eV!I1]", W;_1(h)

@ Interest rate rule:
ir = max{i{,0}

where
if —i=p;(i{y —10)+ (1—- Pi) lar (e —7T*) + ay()’t —yi)]+ Crt

with i = o+, + 71* and where 7t defines the inflation target.
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Solution Method

@ Detrending by Z;
@ Log-linearization around deterministic steady state

@ Solution under the ZLB as in Bodenstein et al. (2009) and Guerrieri and
lacoviello (2015)
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Calibration and Estimation

Calibrated parameters: 1/¢ =0.7 ; 0, =6 ; 6, =3

Remaining parameters estimated using Bayesian approach (without ZLB)

Gaussian priors for (p, i, 77%) with means consistent with average
inflation, GDP growth and real rate in each economy

Sample period: 1985Q2-2008Q3
Vector of observables:

x¢ = [Alog GDPy, Alog GDP Deflator;, Alog Wage;, Short term rate;]

@ Parameter estimates

(a) r® > r“* = larger 7t cushion needed in the US
(b) greater indexation in the US = more tolerance of higher inflation
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Optimal Inflation Target

@ Second order approximation to household expected utility: W(7t; 0)
@ The case of no parameter uncertainty:

T (0) = arg max W(r; 0)

with solution obtained via numerical simulations allowing for occasionally
binding ZLB, and with 0 taken to be the mean, the median or the mode
of the posterior distribution of parameter estimates:

= 7Tjs € [2.21%, 2.12%, 1.85%]

= e, € [1.58%, 1.49%, 1.31%]
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Welfare Losses and the Inflation Target

No Parameter Uncertainty
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Probability of hitting ZL B

ZLB Incidence and the Inflation Target
No Parameter Uncertainty
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Optimal Inflation Target

@ Second order approximation to household expected utility: W(7t; 0)
@ The case of no parameter uncertainty:

" (8) = argmax W(rt; 0)

with solution obtained via numerical simulations allowing for occasionally
binding ZLB, and with 6 taken to be the mean, the median or the mode of
the posterior distribution of parameter estimates:

= 11} € [2.21%, 2.12%, 1.85%]
= 7Tg, € [1.58%, 1.49%, 1.31%]
@ Allowing for parameter uncertainty:
T = arg max/W(ﬂ;G)p(9|Xr)d9
T Jo
= s = 2.4%
= ey = 2.2%
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The Optimal Inflation Target and the Natural Rate of
Interest

@ The baseline (r*, 7t*) relation

(a) varying u,
(b) varying p
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Optimal inflation target {annualized)
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Probability of ZLB at optimal inflation

ZLB Incidence and the Steady State Real Rate
At the optimal inflation target
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il

0 1 2 3 4 5 L] 7 ] @ 10
Annualized steady-state real interest rate

g 1
— -7 e

— s —=r" |:_g ]

g _;_-..
e sy o

11

12



The Optimal Inflation Target and the Natural Rate of
Interest

@ The baseline (r*, 7t*) relation

(a) varying u,
(b) varying p

e The (r*, t*) relation under uncertainty: shift of —1% in the distribution
of r*(6) due to a —1% shift in the mean of y,

TN = arg m;;ax/g WI(71;07)p(0a]| XT)dOA
A
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(b) EA
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Welfare (normalized)
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Impact on Welfare of a Downward Shift in r*(0)
under Parameter Uncertainty
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Further Experiments

@ Average vs target inflation
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( annualized)
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Average vs Target Inflation
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Further Experiments

@ Average vs target inflation
@ A negative effective lower bound (ELB)

i > —0.40%
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A Negative Effective Lower Bound in the Euro Area
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Further Experiments

@ Average vs target inflation
@ A negative effective lower bound (ELB)

i > —0.40%

@ Known reaction function: (p;, ar, a,) fixed at posterior means
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Further Experiments

Average vs target inflation

A negative effective lower bound (ELB)

i > —0.40%

Known reaction function: (p;, ax, a,) fixed at posterior means

Larger shocks: +30% increase in 0q and 0,
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Further Experiments

Average vs target inflation

A negative effective lower bound (ELB)

i > —0.40%

Known reaction function: (p;, ax, a,) fixed at posterior means

Larger shocks: +30% increase in 0q and 0,

Alternative steady state markups
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Alternative Steady State Price Markups

(a) US (b) EA
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Note: the blues dots correspond to the baseline scenario wherein all the structural parameters are set at their posterior mean
f. The red dots correspond to the counterfactual simulation with 8, set to 10. The green dots correspond to the counterfactual
simulation with 8 set to 3.



Alternative Steady State Wage Markups
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Further Experiments

Average vs target inflation

A negative effective lower bound (ELB)
i > —0.40%

Known reaction function: (p;, ax, a,) fixed at posterior means
Larger shocks: +30% increase in 04 and o,
Alternative steady state markups

Alternative interest rate smoothness parameter
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Conclusions

@ Analysis of the (r*, 7t*) relation

@ Robust finding: a 1% decline in r* call for an increase of about 0.9% in 7T*
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Conclusions

@ Analysis of the (r*, 7t*) relation
@ Robust finding: a 1% decline in r* call for an increase of about 0.9% in 7T*

@ Alternatives to an increase in 77*:

- unconventional monetary policies when ZLB becomes binding
- adoption of price level targeting
- countercyclical fiscal policies

@ Transition and credibility
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Table 1: Estimation Results - US

Parameter Prior Shape Prior Mean Priod std Post. Mean Post. std Lo High
[ Mormal 0.20 (05 019 0.05 0.11 0.7
Hz MNormal 0.44 .05 043 0.04 0.36 0.50
o Mormal 0.61 o5 0.62 0.05 .54 0.69
p Beta 066 (05 067 003 .61 073
o Beta 0.66 005 0.50 0.05 0.43 0.58
T Beta 0.50 015 0.20 0.07 0.08 032
T Beta 0.50 15 044 016 0.21 0.68
Tz Beta 0.50 15 .50 0.1s8 0.26 0.75
y Beta 0.70 015 080 0.03 0.75 0.85
v Gamma 1.00 020 073 0.15 0.4 0.97
(e Gamma 200 15 213 015 189 238
iy Gamma 0.50 (05 0.50 0.05 .42 0.58
PTR Beta 0.585 010 0.55 0.02 0.82 0.59
z Inverse Gamma 0.25 100 L& 0.22 074 1.38
R Imverse Gamma 0.25 Lod 010 0.01 0.0e 011

[ Imverse Gamma 0.25 100 039 0.11 0.16 0.61

oy Inverse Gamma 0.25 Lo 023 0.04 0.16 024
it Imverse Gamma 0.25 Lod 0.24 0.05 (.06 0.46
PR Beta 0.25 010 0.51 .06 0.41 .61

Pz Beta 0.25 010 027 013 0.o0e 045
P Beta 0.85 010 098 0.01 097 1.00
Pa Beta 0.85 10 (.88 0.04 L8O 0.95
Pu Beta 0.80 0.10 080 0.10 0.65 0.96

Note: std’ stands for Standard Deviation, "Post.” stands for Posterior, and ‘Low’ and "High’ denote the bounds of the 90%
probability interval for the posterior distribution.



Table 2: Estimation Results - EA

Parameter Prior Shape Prior Mean Priod std Post. Mean Post, std Low High
g Mormal 0.20 (05 0.21 .05 .13 0.29
iz Mormal 0.50 o5 047 .05 040 0.55
i Mormal 0.50 o5 0.79 .05 071 0.56
Ep Beta (.66 o5 062 (.05 0.55 0.68
Koy Beta (.66 (05 0.59 (.04 0.52 0.65
T Beta 0.50 15 012 (.04 0 019
Y Beta 0.50 15 .34 012 .15 0.53
Tz Beta 0.50 15 .51 018 0.26 0.76
y Beta 0.70 015 0.74 0.0 .69 .80
v Gamma 1.00 0.20 0.96 018 .65 125
Ay Gamma 2.00 15 202 014 1.80 235
Ay Gamma 0.50 o5 0.50 .05 042 0.58
orR Beta 085 010 067 0.02 0.84 0.20
'z Inverse Gamma 0.25 Lo (.56 rlé .63 1.10
g Inverse Gamma 0.25 L0 011 (.01 .10 012
g Inverse Gamma 0.25 L0 023 .05 013 .32
Oy Inverse Gamma 0.25 Lod 021 (.04 0.15 0.2
Tt Inverse Gamma 0.25 L0 023 .05 (L06 0.43
PR Beta 0.25 010 (.39 007 0. 0.50
Pz Beta 0.25 010 .24 0.10 .09 0.3
P Beta 0.85 10 1.00 .01 .99 1.00
Py Beta 0.85 010 194 03 050 098
Pu Beta (.80 010 0.79 0.10 .64 0.96

Note: 'std’ stands for Standard Deviation, 'Post.” stands for Posterior, and "Low” and "High" denote the bounds of the 90%
probability interval for the posterior distribution.



ZLB Incidence and the Steady State Real Rate
Understanding the Mechanism

(a) US (b) EA
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Note: The blue dots correspond to the relation linking r* and the probability of ZLB, holding the optimal inflation target 7* at the
baseline value. The red dots correspond the same relation when the optimal inflation target 77* is set at the value consistent with
a steady-state real interest rate one percentage point lower.



The Slope of the (r*, m*) Locus: Summary Table

Table 3: Effect of a decline in r* under alternative notions of optimal inflation

us EA
Baseline Lower r~ Baseline Lower r*
Mean of * 2.00 3.00 1.79 2.60
Median of 7~ 1.96 2.90 1.47 2.28
m* at post. mean 2.21 3.20 1.58 2.39
m* at post. median 2.12 3.11 1.49 2.30
T 2.40 3.30 2.20 3.10
m**, frozen MP 2.24 3.16 2.36 3.28
m* at post. mean, ELB -40 bp — — 1.31 2.08
Average realized inflation at post. mean 2.20 3.19 1.56 2.36
Average realized inflation at post. mean, ELB -40 bp — — 1.24 1.97

Note: all figures are in annualized percentage rate.
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