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Introduction

▶ NK-model is dominant paradigm for studying business cycles and stabilization

▶ Standard model features simple time-dependent price-adjustment frictions

▶ Built around the New Keynesian Phillips Curve (NKPC)

▶ Perfect relationship between (future-discounted) marginal costs and inflation

▶ However empirical literature estimating NKPC finds inflation persistence



This Paper

What we do:
▶ State-dependent "menu-cost" model

▶ Study shocks to the growth rate of nominal demand

Findings:
▶ Growth shocks can break the co-movement between inflation and MC

▶ Replicate inflation persistence in the NKPC

Next steps (not today):
▶ Add realistic consumption block (HA)

▶ Study inflation consequences of policy stimulus



Key idea

▶ In Calvo model:

▶ Only intensive margin movements in prices

▶ Purely forward looking

▶ In state-dependent model:

▶ Now adds extensive margin choice of when to adjust prices

▶ Distribution of prices matters for which firms adjust

▶ History dependence:
past variables ⇒ distribution ⇒ ext. margin ⇒ inflation

▶ Amplified by autocorrelated growth rate shocks



Simple Household Demand
▶ Composite consumption:

Ct =
[ ∫ 1

0
ct(i)

ϵ−1
ϵ di

] ϵ
ϵ−1

.

▶ Households maxCt s.t.
Dt =

∫ 1

0
pt(i)ct(i)di

▶ Demand for each good i:

ct(i) =

(
pt(i)

Pt

)−ϵ Dt

Pt
,

▶ Price index:

Pt =
[ ∫ 1

0
pt(i)

1−ϵ
] 1

1−ϵ

▶ Intratemporal consumption-leisure optimality:

MCt =
Wt

Pt
=

uh(Ct, Ht)

uc(Ct, Ht)
=

(
Dt

Pt

)φ+σ



Quantitative Price Setting Model

High level modeling choices

▶ Follow Midrigan (ECMA 2011)

▶ Idiosyncratic firm productivity follows a geometric random walk

▶ Stochastic (exponential) adjustment costs

▶ No mass points – continuous price distribution



Price Setting Model
With idiosyncratic productivity

▶ Real profits at time t with productivity zt:(
pt
Pt

−MC

(
Dt

Pt

)
1

zt

)(
pt
Pt

)−ϵ Dt

Pt
.

▶ Rewriting using firm-specific markup µt:

(µt − 1)µ−ϵ
t zϵ−1

t︸ ︷︷ ︸
idiosyncratic

×
(
MC

(
Dt

Pt

))1−ϵ Dt

Pt︸ ︷︷ ︸
aggregate

.

▶ Fixed price adjustment costs zϵ−1
t ξt



Price Setting Model
Infinite Horizon

V noadj
t (µ, z) = (µ− 1)µ−ϵzϵ−1 × (MCt)

1−ϵ Dt

Pt

+ βEVt+1(µ
′, z′)

s.t. z′ = η′z

µ′ = η′
Pt

Pt+1

MCt

MCt+1
µ

V adj
t (µ, z|ξ) = max

µ∗
(µ∗ − 1)(µ∗)−ϵzϵ−1 × (MCt)

1−ϵ Dt

Pt
− zϵ−1ξ

+ βEVt+1(µ
′, z′)

s.t. z′ = η′z

µ′ = η′
Pt

Pt+1

MCt

MCt+1
µ∗

Vt(µ, z) = max{V noadj
t (µ, z), V adj

t (µ, z|ξ)}



Price Setting Model
Homogeneity in z

We guess and verify that all value functions satisfy V (µ, z) = v(µ)zϵ−1:

vnoadjt (µ) = (µ− 1)µ−ϵ × (MCt)
1−ϵ Dt

Pt

ϵ−1

+

βE
[
(η′)ϵ−1vt+1

(
η′

Pt

Pt+1

MCt

MCt+1
µ

)]
vadjt (µ|ξ) = max

µ∗
(µ∗ − 1)(µ∗)−ϵ × (MCt)

1−ϵ Dt

Pt
− ξ

+ βE
[
(η′)ϵ−1vt+1

(
η′

Pt

Pt+1

MCt

MCt+1
µ∗

)]
vt(µ|ξ) = max{vnoadjt (µ), vadjt (µ|ξ)}
vt(µ) = Eξ [vt(µ|ξ)]



Shock Calibration

Calibrate shock parameters to match key steady state targets:

▶ Frequency of (regular) weekly price changes: 2.9%.
▶ Size distribution of (regular) price changes



Steady State Distribution

▶ Steady state with 2% annual inflation



Intensive and Extensive Margin
Model and Data

Validation Experiments:

▶ Compare steady-state properties of intensive and extensive margin to empirical
results in
Alvarez, Beraja, Gonzalez-Rozada and Neumeyer (QJE 19):
“From hyperinflation to stable prices: Argentina’s evidence on menu cost models”

▶ Experiment: increase steady-state growth rate of nominal demand ⇒ increased
steady-state inflation rate (all other parameters unchanged)



Intensive and Extensive Margin
Model and Data

Intensive Margin Price Adjustments:

DATA MODEL
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FIGURE IX

Intensive and Extensive Margins of Price Adjustments for Homogeneous Goods

A color version of this figure is available online. In Panel A, the frequency of price increases and decreases is calculated as −log(1 − f),
where f is the fraction of outlets increasing or decreasing price on a given date. In Panel B, the average price change is the log difference
in prices, conditional on a price change taking place, averaged with expenditure weights over all homogeneous and differentiated goods,
on a given date. Both panels use data on homogeneous goods alone. Lines are least squares second-degree polynomials.

Downloaded from https://academic.oup.com/qje/article/134/1/451/5106372 by Copenhagen Business School user on 25 October 2022
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Intensive and Extensive Margin
Model and Data

Extensive Margin Price Adjustments:
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Intensive and Extensive Margin
Model and Data

Price increases vs decreases:
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FIGURE VIII

Decomposition of Inflation for Low Inflation Rates

A color version of this figure is available online. λ is the frequency of price changes per month. λ+ (λ−) is the frequency of price increases
(decreases) per month. Inflation is the annualized log difference of the average price between two consecutive periods. The inflation
range is chosen by picking the one-percentile inflation (minimum inflation rate removing outliers) and its positive opposite. Lines are
least squares second-degree polynomials.

Downloaded from https://academic.oup.com/qje/article/134/1/451/5106372 by Copenhagen Business School user on 25 October 2022
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Experiments

▶ Study response of model to shocks to nominal demand growth ∆Dt

▶ Consider quarterly autocorrelation ρD = 0.5 (as in the data)

▶ Linearize model with small MIT-shocks in sequence space (Boppart, Krusell &
Mitman 2018, Auclert et al 2021)

▶ Implement quarterly Phillips curve regressions:

πt = α
∑

E[βkmct+k] + γπt−1 + δ∆Dt−1 + ϵt



Results: Demand shock ρD = 0.5

New Keynesian Calvo Specifications:

∑
mc πt−1

Calvo PC 1.0963
(0.014)

+ Lagged Inflation 0.8623 0.4588
(0.011) (0.0078)

Standard errors in parentheses.



Results: Demand shock ρD = 0.5

Full specification:

∑
mc πt−1 ∆Dt−1

Calvo + Lagged Inflation 0.8623 0.4588
(0.0011) (0.0078)

Full Specification 0.5325 0.0071 7.4127
(0.0069) (0.0063) (0.0764)

Standard errors in parentheses.



Understanding the Results
ρD = 0.5



Understanding the Results
ρD = 0



Normalized IRFs

Comparision to Auclert et al 2024 Shock size matters



Conclusion

▶ In the data: estimated NKPC exhibits inflation persistence

▶ In Calvo model: one-to-one relationship between inflation and marginal costs

▶ We showed that menu-cost model:

▶ can replicate empirical findings on NKPC

▶ breaks one-to-one relationship between inflation and marginal costs

▶ nominal demand (and other past variables) matter for inflation dynamics

▶ Next steps: add realistic household block, study non-linearities ...



Comparison to Auclert et al 2024

With AR(1) shocks (ρ = {0.3, 0.6, 0.8}) to real marginal costs, inflation and
(expected discounted) output gaps coincide

Return



Increasing the Shock Size

Initial response of πt/
∑∞

s=0 β
smct+s

Return


