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Introduction

Introduction

Main papers on price stickiness: US: Bils and Klenow (2004);
Klenow and Kryvtsov (2008); Nakamura and Steinsson (2008);
Eurozone: Dhyne et al. (2005); France: Berardi et al. (2015);
Norway:Wulfsberg (2016); Argentina: Alvarez et. al. (2011).

Main papers on menu costs models: Golosov and Lucas (2007);
Midrigan (2011); Kehoe and Midrigan (2015)
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TABLE 1

FREQUENCY OF PRICE CHANGES

France United States

U.S. weights U.S. weights
France

2003–11
Mean

United States
1998-2005

Mean Mean Median Mean Median

Including sales, including substitutions
Frequency of price changes 20.1 27.7 20.1 14.9 24.1 16.2
% of price increases 60.2 − − − − −

Excluding sales, including substitutions
Frequency of price changes 17.4 22.8 17.4 10.6 17.1 9.8
% of price increases 62.3 − − − − −

Including sales, excluding substitutions
Frequency of price changes 17.7 26.5 17.5 10.4 22.7 14.9
% of price increases 59.9 55.1 58.0 54.5 53.6 54.4

Excluding sales, excluding substitutions
Frequency of price changes 15.0 21.1 14.5 5.7 15.1 6.9
% of price increases 63.5 59.1 62.4 84.3 60.9 76.0
% of seasonal sales 0.7 − − − − −

% of promot. discounts 1.7 − − − − −

% of prod. substitutions 4.1 2.8 − − − −
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TABLE 3

SIZE OF PRICE CHANGES

Including sales Excluding sales

Price increases

Mean 12.8 7.9
Std 26.4 16.2
Lower quartile 2.0 1.9
Median 4.3 3.7
Upper quartile 10.9 7.6

Price decreases

Mean −11.5 −7.8
Std 13.2 9.6
Lower quartile −16.1 −10.0
Median −6.1 −4.4
Upper quartile −2.3 −1.8

% of absolute price change less than 2% 23.7 27.4
% of absolute price change less than 1% 11.2 13.0
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Temporary sales

Frequency and size of price changes I

Regular prices are in most cases highly persistent

while sales are highly transient.
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Figure: Price series of Nabisco Premium Saltines at Dominick’s Finer Foods
store (Chicago)
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Table 2 Transience of temporary sales

Fraction return after

one-period sales

Frequency of regular

price change

Frequency of price change during

one-period sales

Average

duration of sales

Processed food 78.5 10.5 11.4 2.0

Unprocessed food 60.0 25.0 22.5 1.8

Household

furnishings

78.2 6.0 11.6 2.3

Apparel 86.3 3.6 7.1 2.1

The sampleperiod is 1998–2005. The first data column gives themedian fraction of prices that return to their original level after one-period sales. The second

is the median frequency of price changes excluding sales. The third lists the median monthly frequency of regular price change during sales that past one

month. The monthly frequency is calculated as 1  (1  f )0.5, where f is the fraction of prices that return to their original levels after one-period sales. The

fourth data column gives the weighted average duration of sale periods in months. Data taken from Nakamura & Steinsson (2008).
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Temporary sales

Kehoe and Midrigan (2015)- extended Calvo

Modify the Calvo price mechanism in the following way:

with prob αL can change its regular price (solves standard profit
maximization problem):
with prob. αT can charge any price but for a period (solves a one
period maximization problem)
with prob. 1 − αT − αL retains PL,t−1 (not clear how positive growth
rate of money is possible).

Monetary policy with log of money growth following AR(1) process
and MIU set up.

Wholesale product produced with capital, labor and final goods
(materials).
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1

Table 1

Facts about price changes in BLS data.

Frequency of all price changes 22.0%

Frequency of regular price changes 6.9%

Percentage of price changes that are temporary 72%

Fraction of periods with temporary prices 10%

Fraction of prices at annual mode 75%

Notes: The table shows statistics that summarize the facts about price changes that result from applying our algorithm. The

table reports a weighted average of the corresponding entry level item (ELI) statistics using a constant weight calculated by

the BLS based on the revenue of that ELI. See Nakamura and Steinsson (2010) for the ELI-level statistics.

return



1

Table 2

Parameterization: the extended Calvo model.

A. Moments BLS data Model

Frequency of all price changes 0.22 0.22

Frequency of regular price changes 0.069 0.069

Fraction of price changes that are temporary 0.72 0.75

Fraction of periods with temp. prices 0.10 0.09

Fraction of prices at annual mode 0.75 0.74

B. Parameter values

Calibrated

Probability of changing list price, αL % 7.47

Probability of deviating from list price, αT % 7.90

Assigned

Period length 1 month

return



Table 3

Aggregate implications: the Calvo models.

Statistic Extended model (with temporary changes) Standard model (without temporary changes)

Micro-price stickiness, months 4.5 12.2

Impulse response to a 50 b.p. monetary shock

Aggregate price stickiness, % 58.6 58.6

Average output response, b.p. 34.1 34.1

Maximum output response, b.p. 52.2 54.0

Business cycle statistics

Std. dev. output, % 0.81 0.84

Autocorrelation output 0.82 0.82

Notes: Aggregate price stickiness is measured as the average difference betweenM and P responses, relative to the M response. Responses are computed for

the first two years after the shock. Business cycle statistics are reported for HP (14400) filtered data.
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Fig. 5. Impulse responses to 50 b.p. monetary shock: extended Calvo and standard Calvo models with 12.2-month stickiness. The figure displays the

impulse responses of the standard model that match the degree of aggregate price stickiness in our benchmark model. Note that the area between the

impulse responses of money and prices is equal in the two models. Once we match this area, the shapes of the impulse responses of output and prices in

the two models are nearly identical. Thus, the impulse response to a money shock in our model with frequent price changes is well approximated by a

standard model in which prices change once a year.
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Temporary sales

Kehoe and Midrigan (2015)- menu costs

Consumer problem the same.

Each intermediate firm can pay κ to change its regular price and φ
to change the price for one period only.

Intermediate producer: yAi ,t + yBi ,t = ai ,tzi ,t(k
α
i ,t l

1−α
i ,t )νn1−ν

i ,t , where
ai ,t follows an random walk and zi ,t AR(1) process with innovations
drawn form uniform distribution with Poisson arrival probability
(Gertler and Leahy, 2008).

to ensure stationarity a fraction ρε of firms exits and is replaced with
ai ,t = zi ,t = 1

Final good producer yt = yAt y
B
t where

yAt =
( ∫ 1

0 (yAi ,t)
(θ−1)/θdi

)θ/(θ−1)
and

yBt =
( ∫ 1

0 v
1/γ
i ,t (yAi ,t)

(θ−1)/θdi
)θ/(θ−1)

, where vi ,t is AR(1) with

process with innovations drawn form uniform distribution with
Poisson arrival probability.
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Table 4

Parameterization: the menu cost model.

A. Moments BLS data Model

Frequency of all price changes 0.22 0.23

Frequency of regular price changes 0.069 0.069

Fraction of price changes that are temporary 0.72 0.78

Fraction of periods with temp. prices 0.10 0.11

Fraction of prices at annual mode 0.75 0.73

Probability that temporary price spell ends 0.53 0.66

Fraction of periods with price temp. down 0.06 0.06

Mean size of price changes 0.11 0.12

Mean size of regular price changes 0.11 0.11

IQR of all price changes 0.09 0.08

IQR of regular price changes 0.08 0.08

Std. dev. changes in prices vs. costs 1.33 1.32

Fraction of price changes w/o cost changes 0.07 0.07
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Table 5

Aggregate implications: the menu cost models.

Statistic Extended model (with temporary changes) Standard model (without temporary changes)

Micro-price stickiness, months 4.5 10.1

Impulse response to a 50 b.p. monetary shock

Aggregate price stickiness, % 52.5 52.5

Average output response, b.p. 29.6 29.6

Maximum output response, b.p. 40.7 44.7

Business cycle statistics

Std. dev. output, % 0.67 0.72

Autocorrelation output 0.86 0.86

Notes: Aggregate price stickiness is measured as the average difference between theM and P responses, relative to theM response. Responses are computed

for the first two years after the shock. Business cycle statistics are reported for HP (14400) filtered data.
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Temporary sales

Results of Kehoe and Midrigan (2015) I

Model replicates well key statistics from Eichenbaum, Jaimovich and
Rebelo (2011):

prices are about one-third more volatile than costs
most price changes are associated with cost changes (only 7% of
price changes with no cost changes).
matches both size and dispersion of price changes (mean size and
IQR- interquartile range)

Model (both of them) implies high aggregate price stickiness, even
though prices change frequently at the micro levels (Well That’s
Fantastic)!!!!!

degree of monetary neutrality is similar to that when sales are
completely absent.
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TABLE 2

FREQUENCY OF PRICE CHANGES BY SECTOR

Manufacturing goods

Food Durables Clothing Other manuf. Energy Services

Including sales
Frequency of price changes 20.7 22.2 24.9 14.4 77.1 8.2
% of price increases 56.4 48.3 50.0 63.4 60.7 77.6

Excluding sales
Frequency of price changes 17.1 16.5 12.5 12.5 77.0 8.0
% of price increases 58.0 48.9 55.1 65.9 60.7 78.4
% of seasonal sales 0.0 1.2 6.7 0.2 0.0 0.0
% of promot. discounts 3.0 4.5 2.8 1.7 0.1 0.2
% of prod. substitutions 2.2 9.6 16.2 4.1 0.7 2.0

return
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Heterogeneity in the frequency of price change

Properties of the distribution I

Skewness

Large price changes are frequent and the proportion of small price
changes is large.

Peaks at attractive price changes related to sales.
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FIGURE 2.—Distribution of nonzero price changes: Dominick’s versus Golosov–Lucas model.
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Heterogeneity in the frequency of price change

Literature I

Bills and Klenow (2002) find that a one sector model with frequency
of price changes equal to median closely matches the degree of
monetary non-neutrality generated by the multisector model.

Carvalho (2006) shows that a one sector model with mean implied
price duration (

∑
i ωi [−1/ ln(1 − f )] matches the non-neutrality of

the multisector model.

Would this result carry over to the menu cost model?

Nakamura & Steinsson (2010) show that in an economy with low
inflation and large price changes the timing is dominated by
idiosyncratic shocks the effects of heterogeneity are similar to what
they are in the Calvo and Taylor models. With high inflation
different story.
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Inflation and the frequency of price change

Data and theory

Gagnon (2009) studies data on Mexico over 1994-2002 (inflation
increased from below 10% in 1994 to app. 40% in 1995 and then
gradually fell to below 10% in 1999).

At low inflation rates (below 10-15%) the frequency weakly co-moves
with inflation, the share of price increases changes.
At higher inflation rates and frequency rises with inflation.

Alvarez et al. (2011) study prices in Argentina 1988-97
(hyperinflation in 1989-90 that was followed by price stability after
1992) to find:

at low inflation (less than 10%) frequency is uncorrelated with
inflation
at high inflation rates the elasticity of of the frequency of price change
with inflation is very close to two-thirds over the very large range.
they show that they can replicate this facts with theoretical menu
cost model.
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Selection effect

Data and theory I

Klenow and Kryvtsov (2008) show large average price change with
40% of price changes being price decreases.

Golosov and Lucas (2007) interpret these as evidence for large,
highly transitory, idiosyncratic shocks to firm’s costs. In the model
with fixed costs of price adjustment and a combination of aggregate
and idiosyncratic shocks calibrated to match the large size of price
changes they find very strong section effect which reduces degree of
monetary non-neutrality.

Midrigan (2011) makes two adjustments to Golosov-Lucas model:

leptokurtic distributions
returns to scale in price adjustment (if a firm changes one price it can
change the other for free)

which result in much smaller selection effect and only slightly
smaller degree of price non-neutrality than in Calvo.
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Selection effect

Data and theory II

Summary of menu costs model (missing sales)

but menu cost model matches a variety of empirical facts about
regular price changes

sales are determined by intertemporal price discrimination, advertising
and shifts in tastes.
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Seasonality
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Seasonality

Data and theory

Nakamura and Steinsson (2008) document that:

the median frequency of consumer price changes is 11.1% in 1q and
then falls monotonically to 8.4% in 4q.
frequency drops from 15.9% in 1q to 8.2 in 4q.
frequency spikes in first month of each quarter.

This supports Taylor style of models, but it could be seasonality of
cost changes (wages in Jan).

Consequence is that monetary non-neutrality may be large for
shocks that occur early in the year
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The hazard function of price adjustment
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The hazard function of price adjustment

Data and theory

Calvo predicts flat hazard function

Menu cost model with inflation as only motive for changing prices
hazard function is increasing.

With idiosyncratic shocks menu cost models can deliver different
shapes of hazard function (transient idiosyncratic shocks tend to
flatten hazard function).

Empirically:

pooling data from heterogeneous products can generate
downward-sloping hazard functions even if the true hazard function
for individual product is flat or upward sloping.
inaction region is narrower in good times (there is less at stake in
getting the price right).

Empirical findings:

for regular prices somewhat downward slopping for first few months
and then largely flat except for a spike at 12 months for services..
if we take into account sales it is downward sloping.
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B. Services (excl. travel)
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Price dispersion and the welfare costs of inflation
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Price dispersion and the welfare costs of inflation

Data and theory

Burstein & Hellwig (2008) find that welfare costs of inflation are an
order of magnitude larger in the Calvo model than in the menu cost
model.

Additionally, price dispersion for identical products increases much
more sharply with inflation in the Calvo model than in menu cost
models (or Taylor).

Alvarez et al. (2011) show theoretical model in which price
dispersion is unresponsive to inflation in the neighborhood of zero
inflation, and replicates the 1/3 elasticity of price dispersion to
inflation estimated from the data.
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Coordination failures in price setting

Plan of the Presentation I

1 Introduction

2 Basic facts about price rigidity

3 Temporary sales

4 Heterogeneity in the frequency of price change

5 Inflation and the frequency of price change

6 Selection effect

7 Seasonality

48 / 54



Coordination failures in price setting

Plan of the Presentation II

8 The hazard function of price adjustment

9 Price dispersion and the welfare costs of inflation

10 Coordination failures in price setting

49 / 54



Coordination failures in price setting

Data and theory I

When no all firms adjust their prices simultaneously, staggering
occurs and can be powerful amplification mechanism for the
aggregate effects of nominal rigidities.

Empirical literature suggest there is large amount of staggering of
price changes.

Taylor and Calvo have staggering by assumption in menu costs
models staggering occurs because timing of price changes is largely
determined by idiosyncratic shocks.

Second important factor is strategic complementarity (firm’s A
optimal price is lower the lower firm’s B price)

One source of strategic complementarity could be inputs
yit = ALαitQ

1−α
it where Qit denotes aggregate of material inputs used

by firm.
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Coordination failures in price setting

Data and theory II

Bils et al (2012)

emphasize that strategic complementarity in price setting reduces
volatility and increases persistence of inflation.
they analyze “reset price inflation” - inflation in firms desired prices -
to find that it is quite volatile and has a serial correlation close to
zero.

Klenow & Willis (2006) show in a model with substantial amount of
demand-side strategic complementarity (firms do not like to deviate
from their competitors) - micro strategic complementarity

price changes are much smaller than in the data
unless idiosyncratic shocks are massive and menu costs implausibly
large

Macro strategic complementarity (e.g. through inputs) is immune to
Klenow-Willis critique.
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Coordination failures in price setting

Summary

Calvo seems much better than people thought.

Menu costs model can replicate distributions of prices (with proper
assumptions)
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Coordination failures in price setting
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Fabio Rumler, and Jouko Vilmunen (2005) ‘Price setting in the euro
area: some stylized facts from individual consumer price data.’
Working Paper Series 524, European Central Bank

Golosov, Mikhail, and Robert E. Lucas (2007) ‘Menu Costs and Phillips
Curves.’ Journal of Political Economy 115, 171–199

53 / 54



Coordination failures in price setting
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