American Economic Journal: Macroeconomics 2024, 16(4): 386431
https://doi.org/10.1257/mac.20220289

New Facts on Consumer Price Rigidity in the Euro Area’

By ERWAN GAUTIER, CRISTINA CONFLITTI, RIEMER P. FABER, BRIAN FABO,
LubpMmiLA FADEJEVA, VALENTIN JOUVANCEAU, JAN-OLIVER MENZ,
TERESA MESSNER, PAvLOS PETROULAS, PAU ROLDAN-BLANCO,

FAB1I0 RUMLER, SERGIO SANTORO, ELISABETH WIELAND, AND HELENE ZIMMER™

Using CPI microdata for 11 euro area countries over 2010-2019, we
document new findings on consumer price rigidity in the euro area: (i)
the average frequency of price changes is 12 percent; (ii) the distribu-
tion of price changes is highly dispersed, with frequent large and small
changes; (iii) price changes are more frequent in January; and (iv) the
overall size of price changes rises with inflation, but their frequency
does not; these changes in the size are driven by movements in the
fraction of price changes that are increases, not by the absolute size of
price increases or decreases. (JELE31, E52, F33,L11)

ow often and by how much prices adjust is of critical importance for the real
effects of monetary policy. Since the early 2000s, several new findings on price
adjustment have been documented for many countries in the world (see Klenow
and Malin 2010 for a survey). For the euro area, Dhyne et al. (2006) have provided
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empirical findings on consumer price rigidity for a limited set of 50 representative
products covering a little more than 10 percent of the CPI basket. On the other hand,
several papers have documented findings at the country level with a wider cover-
age of the CPI but with a much less harmonized empirical approach, making the
results hard to compare across countries and difficult to aggregate at the euro area
level.! In this paper, we document new evidence on consumer price rigidity for the
euro area using about 135 million price quotes underlying the Harmonized Index of
Consumer Prices (HICP) in 11 countries and covering about 60 percent of the euro
area HICP over a period going from 2010 to 2019 for most countries.

To do this, we have conducted a similar empirical exercise in each of the 11 euro
area countries for which we have access to granular consumer price data of the
national statistics institutes (NSIs). First, we have defined a common sample of goods
and services for which prices are available in at least three of the four largest euro area
countries (i.e., 166 five-digit Classification of Individual Consumption by Purpose
(COICOP-5)-level products, excluding energy goods). Then, we have computed the
same statistics on price changes (such as frequency and moments of the size distri-
bution) at the disaggregate product level (COICOP-5 level) for each country (in both
cross-section and time series dimensions), and we have built a euro area dataset gath-
ering all these product-country statistics.” Using euro area product-level and country
weights, we have aggregated these statistics to provide euro-area-wide empirical mea-
sures of price rigidity. The main facts yielded by this analysis are as follows.

First, consumer prices are sticky: we find that on average in the euro area, 12.3
percent of prices change in a given month. Country differences are relatively small,
whereas sectoral heterogeneity is much more pronounced. Excluding price changes
due to sales and temporary promotions lowers the average frequency to about 8.5
percent, which implies a typical price duration of about 1 year. Country hetero-
geneity remains quite limited, whereas sectoral heterogeneity is smaller when we
exclude sales. Moreover, at a very disaggregate level of products, we find that there
is a strong positive correlation across products in the frequency of price changes for
all pairs of countries. When we compare these results with US evidence, we find that
for similar CPI products, prices are more rigid in the euro area than in the United
States. However, once we exclude sales, the degree of price rigidity is similar in
both economic areas. We also compare our results with those reported by Dhyne
et al. (2006) using the same set of 50 products. We find that the frequency of price
changes has increased in all available countries since the 1990s, but the extent of
this increase is heterogeneous across countries, and the limited number of products
makes it hard to generalize this result to the whole consumption basket.

Regarding the size of price changes, we find that the typical price change is
quite large: the median price increase is equal to 9.6 percent, whereas the median

'Early studies covering periods between the late 1990s and early 2000s include, for instance, Baudry et al.
(2007) for France; Costa Dias, Dias, and Duarte Neves (2008) for Portugal; Hoffmann and Kurz-Kim (2006)
for Germany; Alvarez and Hernando (2006) for Spain; Aucremanne and Dhyne (2004) for Belgium; Rumler,
Baumgartner, and Stiglbauer (2011) for Austria; and Benkovskis, Fadejeva, and Kalnberzina (2012) for Latvia,
among others. More recently, see also Berardi, Gautier, and Le Bihan (2015) for France and Blanas and Zimmer
(2020) for Belgium.

2This dataset is publicly available in our online replication package: Gautier et al. (2024).
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price decrease is equal to 13 percent. This pattern is quite common for all euro
area countries, but we find greater heterogeneity across countries for the size
of price changes than for the frequency. Moreover, the median price change is
smaller for services than for other products. When we exclude price changes due
to sales, the median price increase and median price decrease are lower: about 7
percent for price increases and, depending on the way we define sales, between
9 percent and 11 percent for price decreases. The effect of sales on the size of
price changes is particularly strong for manufactured goods and processed food.
Contrasting these results with existing US evidence, we find that on average price
changes are somewhat smaller in the euro area, but, again, once price changes
due to sales are excluded, differences are much more limited. The large size of
the median price increases and decreases suggests that idiosyncratic shocks might
play a more important role in price change decisions than aggregate shocks. The
relatively large size of price changes can also be linked to a large dispersion in
the distribution of price changes. When we exclude sales, we find that 15 percent
of price changes are below 2 percent in absolute value terms but that 10 percent
of price changes are larger than 16 percent in absolute value terms. While the
share of small price changes is quite homogeneous across sectors, the first and
last deciles of the distribution of price changes show stronger differences across
sectors. Finally, the distribution of price changes is rather asymmetric around O,
reflecting that price increases are more frequent than price decreases. In particular,
small price increases are much more common than small price decreases. This is
especially the case for services where the prevalence of smaller price increases
might reflect that for this sector aggregate shocks (in particular, labor costs) mat-
ter more than idiosyncratic shocks for price adjustment.

We then investigate how patterns of price rigidity have evolved between 2005
and 2019 and how they have contributed to inflation dynamics in the euro area.
First, one robust finding is that the frequency of price adjustment is significantly
higher in January, also when we control for sales and value-added tax (VAT)
changes. This seasonality in price adjustment is driven by a much larger num-
ber of price increases and is particularly strong in services. This seasonal pattern
would be consistent with the predictions of a class of time-dependent models with
a small degree of staggering (Taylor 1980). Second, we find that the frequency
and size of price changes do not show any strong time trend and do not differ
much across years. Nevertheless, when inflation was quite low (between 2013 and
2019), the frequency of price increases was somewhat lower than during the Great
Recession, and the size of price increases and decreases rises a bit over the years
(partly because of sales). To investigate what is behind month-to-month variation
in inflation, we assess the contribution of the variation in the frequency and size
of price changes to inflation movements. We find that the overall size of (nonzero)
price changes contributes substantially to changes in inflation over time, while the
contribution of the overall frequency of price changes is much smaller. Looking in
more detail, we show that changes in the overall size of price changes are mostly
driven by variation over time of the share of price increases, whereas the contribu-
tion of the absolute size of price increases and the absolute size of price decreases
is more limited.
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Subsequently, we study how several types of aggregate shocks (i.e., monetary
shocks, oil supply shocks, demand shocks, and VAT shocks) are transmitted to
prices. We confirm that firms respond to shocks by adjusting the overall size of price
changes more than the overall frequency of price adjustments. When they adjust
the overall size of price changes in response to a shock, they adjust the absolute
size of price increases or decreases less than the share of price increases/decreases
among price changes (which indirectly affects the overall size of price changes).
We also find that price changes related to sales do not respond much to aggregate
shocks. From a theoretical point of view, the fact that the overall frequency does
not respond much to aggregate shocks is consistent with the predictions of a Calvo
model or a menu cost model in a low-inflation environment. In the latter model,
idiosyncratic shocks are a more relevant motive for price changes than aggregate
shocks, and firms adjust their prices to the shock through adjustments in the size
of price changes and not by adjusting the frequency of price changes. Moreover,
since aggregate shocks are relatively small, the size of price changes does not vary
due to variation in the sizes of price increases or decreases taken separately but
through changes in the relative share of price increases (or decreases) among all
price changes. All these predictions are in line with our findings on how consumer
prices adjust to macroeconomic shocks.

Our paper adds to the existing literature on price rigidity in at least three respects.

First, we document new findings on the role of sales in price rigidity in the
euro area and on how they shape the patterns of price adjustment in both the
cross-sectional and time series dimensions. The existing literature has mainly
focused on the determinants of sales in the United States or the United Kingdom
and their aggregate implications (Kehoe and Midrigan 2015; Guimaraes and
Sheedy 2011; Coibion, Gorodnichenko, and Hong 2015; Anderson et al. 2017; or
Kryvtsov and Vincent 2021). However, little evidence has been made available for
the euro area as a whole, whereas country-specific evidence has been documented
recently by Berardi, Gautier, and Le Bihan (2015), for instance. In Dhyne et al.
(2006), price changes due to sales were very imperfectly observed in many national
micro datasets, including Belgium, Germany (see Hoffmann and Kurz-Kim 2006
for discussion), Italy, and Spain (Alvarez and Hernando 2006), either because
sales flags were not available or because the methodology of price collection failed
to capture all prices on sales. This complicates cross-country comparisons as well
as the assessment of the usual price rigidity measures (which often exclude price
changes due to sales) for the euro area as a whole. For instance, in Dhyne et al.
(2006), frequencies of price changes are reported with or without sales depend-
ing on the availability of a reliable sales flag in the country dataset. In this paper,
we have reliable information on sales for more countries, which helps with the
cross-country comparison. Moreover, as some countries do not have exact infor-
mation on sales, we have implemented a standard sales filter for all countries in
order to provide a harmonized assessment on the importance of sales and promo-
tions for price rigidity in the euro area.

Second, we contribute to the recent theoretical and empirical literature empha-
sizing that frequency is not the only statistic to look at when assessing the trans-
mission of monetary policy and that the dispersion of the price change distribution
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can be crucial for monetary policy transmission. This literature has documented,
in particular for the United States, the importance of both small and large price
changes (see, for instance, Eichenbaum et al. 2014 or Midrigan 2011).? In a more
recent contribution, Alvarez, Lippi, and Oskolkov (2022) show theoretically that the
cumulative real effects of monetary policy are not only related to the frequency of
price changes but also to the kurtosis of price changes.” This implies that the whole
distribution of price changes might be important for monetary policy transmission,
and therefore we provide a description of the full distribution of price changes in
the euro area.

Our third contribution is to document new findings for the euro area on how firms
adjusted their prices over the period 2005-2019 when inflation was quite low, add-
ing to an earlier literature (Gagnon 2009; Wulfsberg 2016; Nakamura et al. 2018;
Alvarez et al. 2019). Moreover, a burgeoning literature investigates how firms adjust
prices in response to observable aggregate shocks (see Balleer and Zorn 2019 and
Dedola, Kristoffersen, and Zullig 2021, both on Producer Price Index data; Karadi,
Schoenle, and Wursten 2024 on scanner data). We contribute to this literature here
by looking at how different aggregate shocks are transmitted to all consumer prices
via variation in the frequency and size of firms’ price changes. All these empirical
findings help us to understand better whether variation in the frequency or the size of
price changes are behind aggregate variation in inflation. These facts are also linked
to standard predictions of price rigidity models in order to document which price
rigidity model fits best the main micro facts.

Our results are also relevant for a large literature investigating the implications
of price stickiness for monetary policy. First, from a normative perspective, Aoki
(2011); Mankiw and Reis (2003); Eusepi, Hobijn, and Tambalotti (2011); and, more
recently, Rubbo (2023) argue that it is crucial to account for the sectoral differences
in unconditional price change frequencies when constructing the optimal price
index that central banks should stabilize: the central bank should give more weight
to stickier sectors, as in those sectors the distortions caused by nominal rigidities are
larger.? Cross-country heterogeneity of price stickiness in a currency union leads to
similar conclusions. Benigno (2004) and Benigno and Lopez-Salido (2006) have
documented theoretical results on the optimal inflation target in a currency union
with different degrees of price rigidity and an application for the euro area. Another
literature has emphasized the role played by heterogeneity of price stickiness for the
transmission of monetary policy shocks. Carvalho (2006); Nakamura and Steinsson
(2010); and, more recently, Carvalho and Kryvtsov (2021) have emphasized the
amplification effect resulting from sectoral heterogeneity in price stickiness using

3 Several theoretical models have recently been developed to rationalize these small price changes: multiproduct
firms (Midrigan 2011), errors in price revisions (Nakov and Costain 2019), and information constraints (Woodford
2009). Larger price changes are usually related to leptokurtic productivity shocks (Midrigan 2011; Karadi and Reiff
2019).

“The empirical evidence supporting this prediction is mixed: on US Producer Price Index data, Hong et al.
(2023) document that the kurtosis of price changes is not informative about the real effects of monetary policy,
while Alvarez et al. (2021) and Gautier, Marx, and Vertier (2023), using French price data, report empirical evi-
dence supporting the theoretical prediction.

5See also Adam et al. (2022) for a recent contribution estimating the optimal inflation rate for the euro area in
presence of sticky prices and trends in relative prices.
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US data, and Gautier and Le Bihan (2022) report similar results using price rigidity
calibrations on French data. Recently, Pasten, Schoenle, and Weber (2020) find that
heterogeneity in price rigidity outweighs input-output linkages in amplifying the
aggregate effects of monetary policy shocks, while Bouakez, Rachedi, and Santoro
(2022) find that this result is reversed when it comes to amplifying the government
spending multiplier.® New detailed results for price rigidity in the euro area should
help to better understand the role of heterogeneity for monetary and fiscal policy.
One recent example is Dedola et al. (2023), who use the statistics computed in this
paper to calibrate state-of-the-art price-setting models to derive implications for the
monetary policy transmission mechanism. In particular, they show that the implied
Phillips curve has significant nonlinearities that kick in when trend inflation exceeds
5-6 percent or when shocks to nominal costs are larger than 15 percent.

The structure of this paper is as follows. Section I describes the underlying micro
price datasets and our harmonized approach to deriving comparable results across
euro area countries. Section II presents cross-sectoral results on price rigidity in
the euro area and relates them to previous findings for the euro area and the United
States. It also analyzes the role of sales in shaping price rigidity. Section III docu-
ments changes in the frequency and size of price changes over a relatively long time
horizon and investigates how they contribute to the response of inflation to different
shocks. Section IV concludes.

I. Data and Methodology

We start with a description of the underlying country micro price datasets and
our harmonization approach (Section IA). Next, we present the definition of a com-
mon product sample across countries and aggregation procedures (Section IB), and
discuss the treatment of sales and substitutions in computing price rigidity statistics
(Section IC).

A. Country-Specific Micro Price Data

At the heart of our analysis are individual-country micro price datasets provided
by the NSIs./| The datasets were released to research teams of the national central
banks, which required a decentralized analysis at the country level, whereas aggre-
gation of the results was run in a centralized way (see online Appendix A.1 for a full
description of the national datasets). These datasets consist of sequences of individ-
ual prices collected at various outlets for individual specific products (sampled by
the NSIs); these price series are then used to compile the national HICPs. Our sample
consists of 11 countries (Austria, Belgium, France, Germany, Greece, Italy, Latvia,
Lithuania, Luxembourg, Slovakia, and Spain), which account for about 90 percent

SPasten, Schoenle, and Weber (2024) show that sectoral heterogeneity in nominal price rigidity can also amplify
the response of aggregate variables to idiosyncratic productivity shocks.

"The datasets are the following: Statistik Austria (2017) for Austria; Statbel (2018) for Belgium; Destatis
(2019) for Germany; INSEE (2019) for France; ELSTAT (2019) for Greece; ISTAT (2018) for Italy; Valstybés
Duomeny Agentiira (2018) for Lithuania; Statec (2017) for Luxembourg; CSP (2019) for Latvia; SUSR (2020) for
Slovakia; and INE (2018) for Spain.
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TABLE 1—CPI MicrRO DATABASE WITH COUNTRY-SPECIFIC PERIODS

% of EA % of EA Sales Obs.

Country Code Data source Period products®  HICP® flag (mill.)®
Austria AT Statistik Austria (2017)  2000:1-2017:12 89.2 34 Yes 8.3
Belgium BE Statbel (2018) 2007:1-2015:12 42.5 3.8 Yes 8.5
France FR INSEE (2019) 2003:4-2019:9 83.2 20.3 Yes 25.0
Germany DE  Destatis (2019) 2010:1-2019:12 86.9 27.9 Yes 46.8
Greece GR  ELSTAT (2019) 2002:1-2019:12 64.0 2.2 No 7.7
Italy IT ISTAT (2018) 2011:1-2018:12 61.1 17.3 Yes 22.7
Latvia LV CSP (2019) 2017:1-2019:12 92.5 0.3 Yes 0.7
Lithuania LT V. D. Agentiira (2018) 2010:1-2018:12 82.3 0.5 Yes 54
Luxembourg LU Statec (2017) 2005:1-2017:12 97.0 0.3 No 1.2
Slovakia SK SUSR (2020) 2011:1-2019:12 94.1 0.8 No 8.3
Spain Sp INE (2018) 2008:1-2018:2 524 11.5 No 14
Total 2000:1-2019:12 58.9 88.3 135.8
Notes:

*Percentage of EA products covered by the country-specific national price dataset, expressed in terms of euro
area product weights at the COICOP-5 level (2017-2020 average). For the euro area, we report the coverage
of the common sample (see online Appendix Table Al).

Country weights in euro area HICP (2017-2020 average).

“Denotes the total number of monthly observations (in millions) (see online Appendix A.1 for details).

of the euro area aggregate (Table 1)). Taken all together, our datasets consist of about
135 million monthly price observations. The available products and time periods
differ across countries; the highest product coverage is found for Luxembourg,
Slovakia, and Latvia, and the longest time period for Austria, Greece, and France,
with nearly two decades of micro price data. Most prices in the country-specific
databases are collected on-site in stores, so they mainly reflect “offline” prices.”

One key feature of the datasets is that the price collection process is framed in all
euro area countries by the same general recommendations and regulations defined
at the European level (see Eurostat 2018). Since individual prices are collected to
construct the official HICP, price information is highly reliable, and products are
carefully sampled by NSIs to be representative of the consumption basket. In all
datasets, we are able to track prices for the same product over time, whereas the
datasets mainly differ in terms of additional information provided by NSIs. This
extra information includes flags on imputed prices, product replacements, and
sales/promotions as well as information on quality adjustment.

Concerning data cleaning, outliers were removed beforehand in each country
database on an individual basis (i.e., price changes below the first or above the
ninety-ninth percentiles of (log) price changes). In addition, whenever possible, we
exclude imputed prices from our samples. Generally, when a given product is tem-
porarily unavailable in the store, NSIs impute the price of this product.

Moreover, the treatment of changes in product quality and quantity might also
differ between euro area countries. Whenever possible, we use prices adjusted for

80ne exception is the German database, which also contains micro prices for the outlet type “internet trade.”
Note that since the mid-2010s, some NSIs also switched for some products from traditional on-site price collec-
tion to higher-frequency data sources such as supermarket scanner data and web scraping; due to data restrictions
(including confidentiality agreements and different price collection processes), this kind of micro price is generally
not available for research purposes.
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quantity and quality changes in order to capture the “true” price change. For exam-
ple, if the package size of a product is reduced while leaving its price unchanged, the
consumer is actually facing a price increase. By contrast, if a product is sold at the
same price but with higher quality, the consumer enjoys a price decrease. As such,
in official price statistics, the monetary value of an observed quality improvement
or deterioration over time is typically deducted from the reported product price. Our
dataset contains quantity-adjusted prices in most countries’ and quality-adjusted
prices in Germany, France, and Luxembourg. Nevertheless, the proportion of
quality-adjusted prices in our sample is expected to be rather small.""

B. Common Product Sample and Aggregation

Throughout the paper, we compare price rigidity patterns of major product groups
based on a common product sample to limit the possibility that our results are driven
by different product compositions across countries. For this purpose, we define a
common product sample that includes an item when it is available for at least three
of the four largest euro area countries (Germany, France, Italy, and Spain). Results
are available at the most granular level of the HICP, which is the five-digit level of
the COICOP—e.g., “01.1.1.1-Rice, incl. rice preparation.”’! Our common prod-
uct sample includes 166 COICOP-5 products.'? For most products of our common
sample, we have price information for all or nearly 11 countries: on average, price
data are available for 9.8 countries per COICOP-5 product, and for 84 percent of the
COICOP-5 products at least 9 countries are available. The 166 COICOP-5 products
cover 59 percent of the euro area HICP and 65 percent of the euro area HICP exclud-
ing energy. Table A1 in the online Appendix provides details on the coverage of major
product groups and corresponding subgroups ranging from services (40 percent of the
common sample) through nonenergy industrial goods (NEIG) (31 percent) to food
(29 percent). Note that centrally collected prices or administered prices are regularly
excluded from the national micro price datasets. In particular, the missing 41 percent
of products in our common sample consist of all energy products (10 percent) and
roughly half of the services sector (21 percent), where most of the missing share per-
tains to housing services (rents), communication services, and some travel-related ser-
vices such as package holidays. Moreover, our common sample does not include some
centrally collected prices of NEIG (8 percent missing), such as new and used cars,
pharmaceutical products, and ICT products, as well as some food products (3 percent)
whose prices are administered, such as tobacco and alcohol.'

9Excepti0ns are Spain, Greece, and Slovakia.

19For example, the share of quality-adjusted prices in the German CPI micro dataset is about 3.5 percent (Menz,
Wieland, and Mehrhoff 2022). Moreover, our database does not include micro prices of ICT goods for most coun-
tries (e.g., smartphones and computers), which typically involve quality adjustment procedures.

"'For some national CPIs, information is also published at a more disaggregated level below COICOP-5, but
these product categories are not harmonized across euro area countries.

12The complete list of COICOP-5 products used in this paper is provided in a dataset of the replication package
Gautier et al. (2024) (common_sample_def.dta). Based on the above-mentioned rule, we observe two COICOP-5
products for energy, which represent only 3 percent of this product group, so we exclude them from our analysis.

13 Eichenbaum et al. (2014) argue that for most of these products, there are serious measurement issues (unit
values, quality adjustment issues), which complicate the measure of individual price changes and could bias the
measure of frequency and size of price changes.
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To compute aggregate statistics for the euro area, we proceed in two steps:
First, country-specific product results at the COICOP-5 level are aggregated at
the country level by using euro area HICP weights obtained from Eurostat (2023),
which we average over the period 2017-2020. This is done in order to avoid dif-
ferences between countries being caused by differences in national consumption
patterns. Second, we aggregate the country-specific results using country weights
(also obtained from Eurostat 2023 and averaged over 2017-2020) to derive the euro
area aggregate results. This aggregation method will be used to obtain euro area
statistics for the total and by broad sectors (online Appendix A.3 provides details on
data methodology and aggregation). As a robustness check, we have also computed
the statistics by first calculating product-level statistics at the euro area level (using
country weights) and then aggregating over products.

C. Treatment of Sales and Substitutions

In terms of measuring price rigidity, one major challenge arises from the treat-
ment of sales and temporary promotions.'? As argued by Nakamura and Steinsson
(2008a), sales play an important role in typical measures of price rigidity like fre-
quency or size of price changes since they usually come along with a large but tem-
porary price change. The HICP regulation states that NSIs shall take into account
discounts—e.g., temporary promotions or seasonal price reductions—in price
collection at the time of purchase.'3 Without controlling for sales, differences in
national sales periods could affect seasonal patterns of price change frequencies and
sizes. For most countries in our sample, sales and promotions can be identified by
a corresponding flag in the dataset (Table 1). Typically, the price collector assigns
a sales flag in the NSI micro price database whenever a collected price is visibly
flagged as a sale in the store or when a discount is given to all customers at the
checkout desk. However, in some euro area countries in our sample, information on
sales is missing in the corresponding micro price database.'S Moreover, in countries
where a sales flag is reported by the NSI, its definition might depend on national
practices (see, for instance, Hoffmann and Kurz-Kim 2006 for an earlier discussion
on the potential limits of the flag in the German case). Hence, as a robustness exer-
cise, we have implemented and extended a sales filter building on Nakamura and
Steinsson (2008a) in order to identify sales in a consistent way across countries
(see online Appendix A.3 for a detailed explanation of the way we calculate price
changes using NSI flags or the sales filter).

14In some countries, the main difference between sales and promotions is that sales correspond to end-of-season
clearance sales, when price decreases are very large and periods are often regulated, whereas temporary promo-
tions /discounts correspond to smaller price decreases and promotion periods are less strictly regulated. For the sake
of brevity, we will use the term “sales” to refer to both seasonal sales and temporary promotions. In online Appendix
Table A2, we provide more details on legislation regulating sales in the different countries.

15See Commission Implementing Regulation (EU) 2020/1148 of July 31, 2020, laying down the method-
ological and technical specifications in accordance with Regulation (EU) 2016/792 of the European Parliament
and the Council as regards harmonized indices of consumer prices and the house price index, Article (6),
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32020R 1148.

16 This is true of Spain, Greece, Lithuania (before 2013), Luxembourg (before 2015), and Slovakia. Moreover,
the Belgian micro price database does not contain price changes due to seasonal sales, only those due to temporary
promotions.
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Finally, as discussed by Berardi, Gautier, and Le Bihan (2015), another main
concern in constructing measures of price rigidity relates to product replacements
or substitutions. Typically, when a given product is (temporarily) unavailable or
discontinued, the price of a close substitute is used for CPI compilation. Most coun-
tries in our sample have a flag for product replacements in their database (exceptions
are Belgium, Greece, Slovakia, and, to some extent, Spain). Nevertheless, the defi-
nition of product replacement in our analysis strongly depends on the underlying
national statistical practice and product identifier (e.g., link between old and new
product identifiers, qualitative information on the type of replacement (fully new
product, very similar product, different product), information on the price adjusted
for quality, etc.). This is why we exclude replacements from our baseline statistics.
However, for robustness, we still provide results on price rigidity measures based
on price changes including price changes due to replacements (to the extent we can
measure them) in section B.2 in the online Appendix.

II. Cross-Sectional Evidence on Euro Area Price Rigidity

In this section, we present cross-sectional results for the frequency of price
changes in the euro area (Section ITA). We also document our findings regarding the
distribution of the (nonzero) price changes (Section IIB). Moreover, we compare
our results with previous evidence on consumer price rigidity for the euro area and
the United States (Section IIC).

A. Frequency of Price Changes

Table 2 reports the average and median frequency of price changes for the euro
area aggregate and the underlying 11 countries, both including and excluding price
changes due to sales (see online Appendix A.3 for details on frequency computa-
tions). We first discuss the results for the average frequency. When price changes
due to sales are included, we find that the average frequency of price changes in
the euro area is 12.3 percent. When we exclude price changes due to sales, which
make up less than 5 percent of all price observations, the frequency drops to about
8.5 percent when we define sales by the NSI flag and 7.9 percent when we use the
common sales filter. Moreover, we find that when we also take price changes due to
product replacements into account, the frequency of price changes is 13.6 percent
when price changes due to sales are included and 9.8 percent when price changes
due to sales are omitted (Table A5 in the online Appendix). In all of our exercises,
we find that roughly two-thirds of price adjustments are price increases, with the
share increasing slightly when excluding sales (Table A4 in the online Appendix).

As some macro models require quarterly instead of monthly frequency for cal-
ibration, we also express our findings on a quarterly basis.'| From our monthly

17We have approximated the quarterly frequency of a five-digit COICOP/country pairby 1 — (1= Fj.) 3, where
F; . is the monthly frequency for five-digit COICOP j in country ¢ (Costa Dias, Dias, and Duarte Neves 2008). This
approximation assumes, among others, that within a five-digit COICOP/country pair, the monthly probability of a
price change does not depend on whether the price has changed in the previous month. We have aggregated these
quarterly frequencies to the euro area level in the same way as the monthly frequencies.
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TABLE 2—FREQUENCY OF PRICE CHANGES (IN PERCENT)

Average frequency Median frequency
Excluding Excluding
sales sales Percent of sales
Including NSI Sales Including NSI Sales NSI Sales
sales flag filter sales flag filter flag filter
Euro area 12.3 8.5 79 9.6 5.7 5.6 3.8 4.7
By sector
Unprocessed food 314 239 19.8 29.3 20.2 18.2 5.7 8.7
Processed food 15.4 10.4 9.1 14.4 8.5 7.8 33 5.5
NEIG 12.9 6.4 6.7 11.9 5.1 5.6 8.1 7.9
Services 6.0 5.7 5.5 32 3.0 3.0 0.2 0.9
Country
Austria 11.1 72 7.0 8.1 5.3 5.3 5.1 42
Belgium 14.5 133 11.0 6.6 6.6 49 1.1 3.8
France 12.6 9.8 8.0 11.3 7.9 5.7 32 5.0
Germany 12.7 9.2 8.1 8.9 4.5 54 4.1 4.2
Greece 11.3 7.3 7.3 9.2 6.4 6.4 . 3.8
Italy 10.3 4.8 6.1 79 4.1 5.5 43 5.4
Latvia 18.6 7.9 11.1 10.4 3.8 52 10.7 7.5
Lithuania 12.8 9.7 9.3 9.3 6.7 79 23 5.3
Luxembourg 14.1 8.8 8.8 10.9 6.0 6.0 . 4.6
Slovakia 14.3 9.3 9.3 9.9 79 79 . 49
Spain 135 9.0 9.0 11.2 7.0 7.0 . 5.1

Notes: Statistics are based on the country-specific period and on products that are common to at least three of the
four largest countries. Price changes due to replacement are excluded beforehand (except Greece and Slovakia).
Seasonal sales are excluded in the Belgian dataset, but temporary promotions are included. Results excluding sales
are based on (i) NSI sales flag (if available, and sales filter otherwise) or (ii) common sales filter for all countries.

results, the quarterly frequency of price changes in the euro area is approximately
36.9 percent including sales, 25.4 percent excluding sales using the sales flag, and
23.6 percent excluding sales using the sales filter.

These findings are robust to several sensitivity checks. For example, instead of
using country-specific time periods, we can restrict the underlying sample period to
a shorter but common period of seven years (2011-2017), and we obtain a frequency
of price changes equal to 12.4 percent (Table A6 in the online Appendix). We also
run robustness checks using different product samples (extending the analysis to the
country-specific samples or restricting the analysis to products that are available in
all 11 countries): frequencies of price changes are very close to our baseline case
(Tables A7 and A9 in the online Appendix). We also find that using country-specific
weights instead of euro area weights has a small impact on the overall frequency of
price changes (Table A11 in the online Appendix). Finally, we investigate the extent
to which the aggregation method affects the results. To do this, we first calculate euro
area statistics at the product level (i.e., averaging over countries) and then aggregate
over the products. The frequency of price changes remains almost unchanged (12.5
percent for all price changes and 8.7 percent for price changes excluding sales) with
respect to our baseline case (Table A13 in the online Appendix).

Across countries, differences in the frequency of price changes are small: the
frequency of price changes ranges from 10.3 percent in Italy (the lowest) to 18.6
percent in Latvia (the highest), whereas for most countries this frequency is between
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11 percent and 14 percent (Table 2). When we exclude sales, cross-country hetero-
geneity remains fairly small. For most countries, the frequency of price changes is
between 7 percent and 10 percent, being particularly low in Italy (4.8 percent) and
relatively high in Belgium (13.3 percent).'® When we use the sales filter instead of
the flag, results are even more similar across countries. The share of sales is about
the same in all countries, close to the average of about 5 percent (last two columns of
Table 2). The only exception is Latvia, where the share of sales is 10.7 percent when
we use the sales flag and 7.5 percent when using the sales filter; this higher rate is
mainly due to a higher share of sales in processed and unprocessed food. Again,
these conclusions are robust to the sales measure (NSI flag or sales filter).

Rather than cross-country heterogeneity, Table 2 reveals a significant amount of
cross-sectoral heterogeneity in the euro area. Concerning our baseline case includ-
ing price changes due to sales, we observe the highest frequency of price changes
for unprocessed food (31 percent), whereas the average frequency of price changes
is 15 percent for processed food and 13 percent for NEIG. The lowest frequency of
price changes is found in services (6 percent). The share of price increases among
price changes also differs substantially between sectors (Table A4 in the online
Appendix). NEIG have, due to their large number of sales, slightly more price
decreases than price increases, while unprocessed and processed food sectors have
somewhat more price increases than decreases. Notably, in services, price decreases
are relatively rare, as more than 80 percent of all price changes are price increases.
Excluding price changes due to sales has a sizable impact on the frequency of price
changes in the unprocessed food, processed food, and NEIG sectors, where the fre-
quency is lowered by about 5 to 7 percentage points (pp), but it has only a limited
impact on services. Specifically, the share of sales and promotions make up 8.1 per-
cent in NEIG and 5.7 percent in unprocessed food, about 3 percent in processed food
but only 0.2 percent in services (using information from NSI flags where available;
online Appendix Table A3). Moreover, within main aggregate sectors, the share of
sales is highly concentrated in individual product groups. In Table A3 in the online
Appendix, we have reported some percentiles of the distribution of the share of sales
across products. For example, within NEIG, 10 percent of the products have 20 per-
cent of their price quotes recorded as sales price (mainly in the “clothing and shoes”
sector), whereas for 25 percent of the NEIG products, the share of price quotes that
are sales prices is lower than 2 percent. Similarly, product replacements mainly
affect the frequency of price changes in the NEIG sector, which goes from 6.4 per-
cent to 9.4 percent when we include replacements (online Appendix Table A5).

This cross-sectoral heterogeneity in the frequency of price changes is also
pervasive within broad sectors. Figure A6 in the online Appendix shows that the
spread in the frequency is large in sectors like unprocessed food or NEIG, even
once we control for sales. We also find that this cross-product heterogeneity is
very similar across countries. In Table A16 in the online Appendix, we report
correlations in the five-digit COICOP frequencies across countries and find that

I8 For Belgium, the coverage in terms of products is lower than for other countries. This may contribute to its
relatively high value.
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correlation coefficients are higher than 0.5 for most country pairs and that the aver-
age correlation coefficient across country pairs is 0.59.

Nakamura and Steinsson (2010) find that sectoral heterogeneity in price rigidity
can amplify the real effects of monetary policy shocks, and argue that a model cali-
brated using median frequency can generate monetary nonneutrality similar to that
in a multisector model (Gautier and Le Bihan 2022 find similar results for France).
In Table 2, we therefore also report median frequencies. We find a median frequency
of about 10 percent when we include price changes due to sales and 6 percent when
we exclude them. These median frequencies are only a little lower than the average
frequencies (about 2.5 pp), whereas in Nakamura and Steinsson (2010) and Gautier
and Le Bihan (2022), the difference is larger than 6 pp. This is due to the fact that
we exclude energy products, which in other studies contribute greatly to the differ-
ence between the median and the mean frequency (and, more generally, to sectoral
heterogeneity). Moreover, we find that within aggregate sectors, the median and the
mean can differ; in particular, the median frequency in services is 3 percent, versus
6 percent for the average.

To investigate further the sources of cross-sectoral heterogeneity, we run OLS
regressions linking the frequency of price changes at the COICOP-5 level to some
possible economic factors behind this heterogeneity. In particular, we estimate for
each product its cost structure using the symmetric input-output table for the euro
area from Eurostat (see also Cornille and Dossche 2008 and Alvarez, Burriel, and
Hernando 2010). By inverting the input-output table, we get the cumulated cost
structure for each product group, which gives a more complete picture of the inputs
potentially influencing price-setting behavior (we look at the “inputs of the inputs”
over the production chain).'? Specifically, we estimate the following regression:
(1) F;

ic = a + By Labor; + (3, Commodities; + (33 Import;

+ B4 Online; . + BsRegj . + Ve + €

where F; . is the frequency of price changes (excluding price changes due to sales)
for five-digit COICOP j in country ¢, Labor; is the share of labor costs, Commodities;
is the share of imported energy and raw material inputs, and Import; is the share of
all imported inputs.” The regression also includes noncost explanatory variables:
Online;. is the percentage of individuals that bought the type of product online
according to a Eurostat survey, and Reg;. is a dummy for products with regulated
prices in line with Eurostat’s classification of administered prices. Finally, the
7.s denote a full set of country dummies, and ¢; . is an error term. The sources and a
detailed description of the variables are provided in Table A17 in the online Appendix.

19We match product groups (classification of products by activity) to the five-digit COICOP. See Table A17 in
the online Appendix for more details.

20National input-output tables describe domestic production. While this may be a reasonable approximation for
large countries, this may not be the case for small countries where domestic production might be limited in some
industries. The euro area cost data are a better description of the final consumption basket for these countries. In
addition, in the aggregate euro area input-output tables, all imports relate to non-euro-area imports, and as a result,
these measure exchange rate costs better.
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TABLE 3—SOME DETERMINANTS OF THE FREQUENCY OF PRICE CHANGES IN THE EURO AREA

) 2 3) 4)
Share of labor costs —0.221 —-0.510 —0.302 —0.121
(0.079) (0.127) (0.099) (0.050)
Share of imported energy and raw material inputs 0.786 0.881 1.611 —0.296
(0.149) (0.167) (0.209) (0.197)
Share of all imported inputs —0.149 —-0.172 —0.066 —0.195
(0.090) (0.124) (0.111) (0.131)
Percent of online consumers 0.0001 0.0007 0.0010 0.0001
(0.0003) (0.0004) (0.0004) (0.0003)
Regulated price dummy —0.002 —0.011 0.007
(0.013) (0.019) (0.010)
Retail market concentration (HHI) 0.0032
(0.0004)
Unprocessed food dummy 0.131
(0.034)
Processed food dummy 0.033
(0.009)
Services dummy —0.046
(0.020)
Constant 0.186 0.281 0.187 0.190
(0.047) (0.068) (0.057) (0.050)
Country dummies v v v v
Number of observations 1,620 1,293 1,620 1,620
R? 0.211 0.346 0.268 0.358

Notes: All regressions are estimated using OLS and are based on the country-specific period and on products that
are common to at least three of the four largest countries. Standard errors (reported in parentheses) are clustered
at the product level. The dependent variable in column 1 is the frequency of price changes, excluding sales and
excluding product replacements (for Greece, Luxembourg, Slovakia, and Spain, sales are excluded via the sales fil-
ter; Greece and Slovakia include product replacements). Column 2 adds the Herfindahl-Hirschman Index (HHI) of
the retail sector as explanatory variable. This regression uses fewer observations as the HHI is not available for all
products (e.g., nonretail products). The regulated price dummy is not included in this regression as there is only one
observation available for estimation. In column 3 the dependent variable is the frequency of price changes including
sales and excluding product replacements (instead of excluding sales and excluding product replacements). Column
4 adds sector dummies to the regression in column 1. The reference sector is NEIG.

Table 3 reports the main results. We find that the cost structure matters in explain-
ing cross-sectoral differences in the frequency of price changes. In our baseline
regression, the share of labor costs has a negative effect on frequency: a 10 pp increase
in the share of labor costs reduces the frequency of price adjustment by about 2 pp.
This might reflect the fact that if the variance of labor costs is rather small, prices
are less likely to change in sectors with a higher share of labor costs.?! By contrast,
the frequency of price changes is found to be higher when energy and raw material
inputs have a larger share. Keeping the share of all imported inputs constant, a 10
pp increase in the share of imported energy and raw material inputs increases the
frequency of price adjustment by about 8 pp.” The share of all imported inputs, the

2I'Wage negotiations that alter the labor cost are less frequent than other cost adjustments as they typically
happen only every one or two years (DuCaju et al. 2008).

22The share of labor costs varies between 0.3 and 0.8 in our sample. The share of imported energy and raw
material inputs varies between 0 and 0.1.
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percentage of online consumers, and whether prices are regulated are not important
in explaining the frequency of price changes.

These results are quite robust to the inclusion of a concentration variable (column
2) or considering price changes including sales (column 3). When we include broad
sector dummies (column 4), the results are less significant, but we still find a negative
and significant effect of labor costs, which suggests that the cost structure matters
not only for broad sectoral differences but also at a more disaggregated level.””

B. Size of (Nonzero) Price Changes

Recent studies highlight the importance of the patterns of the nonzero price
change distribution for price rigidity models. In particular, higher moments of the
price change distribution could shape monetary policy transmission because they
affect which prices will adjust first to an aggregate shock (see Klenow and Malin
2010 or, more recently, Karadi and Reiff 2019 and Alvarez, Lippi, and Oskolkov
2022). In the following, we present some findings to fully characterize the distribu-
tion of (nonzero) price changes in the euro area.

Median Price Change.—Table 4 reports the median price increase and decrease.
When price changes due to sales are included, the median price increase amounts to
9.6 percent, while the median price decrease is larger (in absolute value terms), at 13
percent. When sales are excluded, the median price increase and the median price
decrease are both smaller in absolute value terms: the median increase is about 7
percent, whereas the median decrease is between 9 percent and 11 percent depending
on the way we define sales (NSI flag or filter). In the online Appendix, we report the
results including price changes due to replacements, and the results are only slightly
modified (Table AS5): the median price increase and the median price decrease (in
absolute value terms) are higher by a little less than 1 pp. We also report sensitiv-
ity checks of the time period (online Appendix Table A6), product sample defini-
tion (online Appendix Tables A8 and A10), weighting structure (online Appendix
Table A12), and aggregation method (online Appendix Table A14). Overall, in these
robustness exercises, when we include sales, the median price increase at the euro area
level ranges between 8 percent and 11 percent, whereas the median price decrease
ranges between 11 percent and 15 percent. When we exclude sales, the results remain
broadly unaltered, with the median price increase at around 6.5 percent and the median
price decrease at 8 percent to 9 percent. Overall, even when large price changes due to
sales are excluded, the typical price increase or decrease is quite large compared with
aggregate inflation over the period. This would suggest that idiosyncratic shocks play
quite an important role in driving the size of price changes.

Table 4 also shows that cross-country heterogeneity is rather limited but more pro-
nounced than the differences observed for frequencies. In France, Italy, Luxembourg,
and Spain, the median increase is between 7.5 percent and 9 percent, whereas in

23We have also estimated the regression separately for the frequency of price increases and the frequency of
price decreases. The share of labor costs has a somewhat more negative impact on the frequency of price decreases
than on the frequency of price increases, but the qualitative conclusions do not change.
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TABLE 4—SIZE OF PRICE CHANGES (IN PERCENT)

Excluding sales Excluding sales
Including sales (NSI sales flag if available) (Sales filter)
Median Median Median
Increase Decrease Increase Decrease Increase Decrease

Euro area 9.6 13.0 6.7 8.7 7.2 10.8
By sector

Unprocessed food 12.6 15.0 10.0 10.9 10.7 11.9
Processed food 9.2 12.0 5.8 6.5 5.9 7.1
NEIG 13.8 19.1 7.8 10.7 8.9 14.2
Services 5.6 8.2 5.5 7.8 5.7 9.8
Country

Austria 10.4 14.6 6.9 8.7 7.3 10.8
Belgium 7.0 8.2 6.6 7.5 6.6 7.3
France 7.7 11.9 5.0 7.2 5.6 9.6
Germany 11.6 16.1 8.4 11.0 8.9 12.9
Greece 9.6 12.8 8.0 11.4 8.0 11.4
Italy 9.1 11.4 44 5.5 54 10.0
Latvia 15.9 14.8 7.9 6.2 11.5 11.8
Lithuania 13.5 17.2 11.8 12.8 10.6 12.1
Luxembourg 7.5 10.7 5.5 7.8 5.5 7.8
Slovakia 10.5 11.1 9.2 8.5 9.2 8.5
Spain 8.9 11.1 8.1 10.4 8.1 10.4

Notes: Statistics are based on the country-specific period and on products that are common to at least three of the
four largest countries. Price changes due to replacement are excluded beforehand (except Greece and Slovakia).
Seasonal sales are excluded in the Belgian dataset, but temporary promotions are included. Results excluding sales
are based on (i) NSI sales flag (if available, and sales filter otherwise) or (ii) common sales filter for all countries.

Austria and Germany as well as in Latvia, Lithuania, and Slovakia, the median price
increase is above 10 percent. A similar difference is observed for price decreases:
in the first group of countries, the median decrease is between 11 percent and 12
percent, whereas in the second group, the median is closer to 15 percent.”* When we
exclude price changes due to sales, country differences are still observable, and the
ranking of countries remains similar.

With respect to the considerable sectoral differences, we see that both NEIG and
unprocessed food have relatively large median price increases in our baseline, at
13.8 percent and 12.6 percent, respectively, while the median price decreases stand
at 19.1 percent and 15.0 percent, respectively. These magnitudes can be contrasted
with the services sector, where the median price increase is 5.6 percent and the
median price decrease is 8.2 percent. Excluding price changes due to sales reduces
the sectoral heterogeneity since this lowers the median increase and decrease for
NEIG as well as for processed and unprocessed food, where most sales are concen-
trated. When price changes due to product replacements are included, we find that
the median size of price increases is higher for NEIG products (42 pp), whereas
for other products the effect of replacements is much more limited (about +0.5 pp).

241n Belgium, the median price change is much lower since price changes due to seasonal sales are not reported
in the national micro price dataset.
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This cross-sectoral heterogeneity in the size of price changes can also be
observed within broad sectors (Figure A7 in the online Appendix). We also find
that this cross-product heterogeneity is less similar across countries than what we
observe for product-level frequencies. In Table A16 in the online Appendix, we
report correlations of the five-digit COICOP median price increases and decreases
across countries and find correlation coefficients on average lower than 0.3. Some
countries seem to share the same type of cross-product heterogeneity, like France,
Greece, Italy, and Spain on the one hand and Austria, Germany, and, to some extent,
Latvia on the other. These country differences partly reflect different sales behavior
(in particular, in Germany and Austria, sales in the food sector are much more com-
mon than they are in France or Italy).

As shown for the frequency of price adjustment, we relate the median size of
price changes to various cost and noncost product-level factors. Results are reported
in online Appendix Table A18. Similarly to the frequency, we find that price changes
are smaller when the share of labor costs is larger. This result is consistent with the
lower variance of labor cost shocks that would lead to less frequent and smaller price
adjustments. Furthermore, products with a large share of energy and raw material
inputs have relatively many price adjustments, and these are relatively small in size.
We also find that the estimated broad sector dummies have a smaller contribution to
size compared with frequency, which confirms the lower degree of heterogeneity for
the size of price changes than for the frequency.

Dispersion of the Distribution of Price Changes.—The recent literature has focused
on the relevance of very small and very large price changes, not only on the average or
median size of price changes. To characterize in more detail the distribution of price
changes, Figure 1| plots the full distribution of price changes including price changes
due to sales (in gray) and excluding price changes due to sales (solid line), whereas
Table 5 provides different percentiles of these distributions. For all price changes,
the main patterns of the distribution are as follows: it is asymmetric with more small
positive price changes than negative ones, it shows a modal range of values between
+1 percent and +3 percent, and it exhibits several peaks at large values correspond-
ing to price changes due to sales.”> When price changes due to sales are removed,
the peaks at large values are smaller but still significant, and the asymmetry around
0 is more pronounced. In both cases, large price increases and decreases are quite
frequent. When we exclude sales, 10 percent of price changes are above 15.7 percent,
and 10 percent of price changes are below —13.1 percent. In the previous subsections,
we have found that price increases are more common than price decreases, but that
when they occur, price decreases are on average larger (even when sales are excluded).
Figure 1 shows that an important driver of these findings is that small price increases
are relatively common, while small price decreases are relatively rare.

When looking at country-level distributions, we find similar broad patterns in all
countries, with some differences (Figure A2 in the online Appendix): in particular, in

25Figure A3 in the online Appendix plots the same distributions of price changes, but calculated as percentage
changes, which better identifies the peaks at rounded negative large values at —50 percent, —40 percent, —30 per-
cent and —20 percent, especially for NEIG.
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FIGURE 1. DISTRIBUTION OF (LOG) PRICE CHANGES (EURO AREA) (IN PERCENT)

Notes: The histograms plot the distribution of price changes (dlog in percent) calculated first at the country level by
product for the common sample of products (bins of 0.5 pp), then aggregated at the country level using euro area
product weights, and then aggregated at the euro area level using HICP country weights. Gray-shaded histogram
corresponds to the distribution of price changes including price changes due to sales, whereas the black line corre-
sponds to the distribution of price changes excluding price changes due to sales. Results excluding sales are based
on NSI sales flag if available and common sales filter otherwise.

countries like Austria and Germany, once we remove price changes due to sales, we
still find quite large peaks at large values, which is less the case in France, Italy,
Latvia, and Luxembourg.”9 This suggests that in the first group of countries, large
price changes are not rare and are not fully due to sales patterns. From this country
comparison, we also see large differences in the size of typical sales: in France, price
decreases of —50 percent (—70 percent in log terms) are much more frequent than in
other countries, whereas the range of peaks is much larger in Austria and Germany
than in France, Italy, and Luxembourg.”’

Figure 1 also plots the distribution of price changes for three broad sectors (food,
NEIG, and services). Food and NEIG price change distributions share similar pat-
terns: a small degree of asymmetry, large peaks corresponding to sales, and a quite
dispersed distribution of price changes. For services, the distribution is much more

21In Greece, Lithuania, and Spain, the remaining peaks might reflect the fact that the sales filter fails more
frequently than the flag to capture price changes due to sales.

27 Figure A4 in the online Appendix plots the distributions of price changes calculated as percentage changes
by country; peaks at rounded negative large values at —50 percent, —40 percent, —30 percent, and —20 percent are
easier to read.
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TABLE 5—DISTRIBUTION OF (NONZERO) PRICE CHANGES

Percentiles (in percent) Percent of

5th 10th 25th 75th 90th 95th |dp| < 2%
Including sales
Euro area —29.1 -20.9 -9.5 9.6 20.8 28.3 11.5
By sector
Food —-32.7 —24.3 —10.7 11.7 24.3 324 10.8
NEIG —43.5 —34.5 —20.5 9.0 252 34.8 8.2
Services —14.6 —7.4 0.3 8.4 14.6 20.1 14.3
Country
Austria —28.4 -214 -10.6 9.4 20.5 28.0 10.3
Belgium —20.2 —12.9 -39 9.1 17.7 24.7 11.5
France —27.8 —20.2 -9.2 5.8 16.2 23.2 16.6
Germany -30.8 —23.4 —11.7 9.9 21.7 29.3 8.9
Greece —23.6 —18.9 —8.6 13.4 22.3 26.9 8.1
Italy -340 227 -9.0 12.6 26.5 35.3 10.8
Latvia —26.2 —19.8 —11.3 16.0 31.2 41.6 8.2
Lithuania —32.4 —23.8 —10.6 17.1 30.0 37.9 5.1
Luxembourg —17.7 —11.4 —34 9.4 17.4 254 10.8
Slovakia —-29.9 —-20.5 —7.4 14.3 26.0 37.1 7.3
Spain —-24.2 —16.6 -7.5 9.5 18.2 24.9 11.3
Excluding sales
Euro area —20.7 —13.1 —4.3 8.4 15.7 22.0 14.8
By sector
Food -20.9 —14.0 —5.6 8.3 154 21.8 14.9
NEIG —29.8 -20.5 -89 8.8 17.9 25.6 14.4
Services —12.9 —6.2 0.5 8.2 14.1 19.1 14.8
Country
Austria —19.8 —12.7 —4.1 9.0 16.7 23.1 12.4
Belgium -17.3 —10.6 -3.2 8.6 15.7 22.1 12.5
France —16.4 -10.5 -3.0 6.2 11.9 16.6 20.8
Germany —22.7 —15.0 —5.5 9.8 17.8 242 12.1
Greece —21.7 —17.0 —6.6 11.9 20.7 25.1 9.6
Ttaly —22.0 —11.9 —2.4 7.6 14.9 22.6 15.4
Latvia —12.2 —6.8 —-1.2 10.8 18.9 25.5 15.7
Lithuania -27.6 —18.8 —5.4 13.6 25.6 34.7 8.3
Luxembourg —11.5 —6.8 —0.0 7.4 14.2 21.5 15.3
Slovakia —24.5 —14.8 -1.9 16.6 28.2 39.0 7.3
Spain —22.6 —15.1 —6.4 8.6 16.2 22.8 13.1

Notes: Statistics are based on the country-specific period and on products that are common to at least three of the
four largest countries. Price changes due to replacement are excluded beforehand (except Greece and Slovakia).
Seasonal sales are excluded in the Belgian dataset, but temporary promotions are included. Results excluding sales
are based on NSI sales flag if available and sales filter otherwise.

asymmetric (i.e., many more positive small price changes than negative small price
changes) but also much less dispersed (more than 25 percent of price changes are
between 0 and 3 percent). This finding for services might reflect the relatively higher
relevance of aggregate nominal shocks (the aggregate wage component of the pro-
duction cost, for instance) compared with idiosyncratic shocks as a motive for price
change. The aggregate wage component of the production cost tends to change with
relatively small positive values, contributing to the apparent downward nominal
price rigidity. Table 5 shows that the tails of the price change distributions are less
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fat for services than for food and NEIG irrespective of whether we include price
changes due to sales or not.

Regarding the share of “small” price changes, we report in the last column of
Table 5 the share of absolute nonzero price changes below 2 percent.* We find that
11.5 percent of price changes are smaller than 2 percent in absolute value terms and
15 percent when we exclude sales. This proportion is quite similar across sectors
when we exclude sales. Differences are more pronounced across countries, with the
share of small price changes being particularly high in France (especially in the food
sector), Italy, Latvia, Luxembourg, and Spain but relatively low in, for example,
Germany. For the United States, Eichenbaum et al. (2014) find that 10.5 percent
of price changes including sales and 13.8 percent of price changes excluding sales
are below 2.5 percent in absolute value terms.?” They also find that 5.0 percent of
price changes excluding sales are below 1 percent in absolute value terms; we find
5.1 percent for the euro area. Overall, the share of small price changes is the same in
the euro area as what is found in the United States.

C. Comparison with Previous Evidence on Consumer Price Rigidity

We now contrast our findings on euro area price rigidity with previous evidence
obtained for the euro area for the late 1990s/early 2000s period based on a smaller
sample of products and with evidence from the US CPI.

Comparison with Previous Evidence for the Euro Area—Dhyne et al. (2006)
presented the first harmonized cross-country study that characterizes price rigidity
in the euro area based on micro-level CPI data over the period 1996-2001. Their
findings were derived from ten countries and a harmonized sample of 50 product
categories chosen to be broadly representative of the consumption basket.”" The
sample of 50 product categories represented altogether between 10 percent and 14
percent of the CPI baskets of member countries. Thus, the expenditure share cov-
ered at that time was much lower than what we cover in this paper.’!

To guarantee a consistent comparison with the results of Dhyne et al. (2006),
several adjustments to our methodology were necessary (see online Appendix C for
more details). First, we have calculated the frequency of price changes for the same
product categories as in Dhyne et al. (20006) (i.e., below the COICOP-5 level); this
was possible for five countries in our sample (Austria, Belgium, France, Germany,
and Italy), which make up for slightly more than 70 percent of total euro area

28Table A15 in the online Appendix reports the percentiles of the distribution of absolute price changes.
29Klenow and Kryvtsoy (2008) report that for the United States, 25 percent of price changes are below 2.5 per-
cent in absolute value terms, whereas Eichenbaum et al. (2014) challenge this result, arguing that this high share of
small price changes is driven by some “problematic” products such as cigarettes, gas services, electricity, telephone
services, and new cars, where measurement issues are more frequent (because of unit values, taxes, or bundling
of goods). In our case, most of these “problematic” products are excluded from our sample of common products.
39These product categories are well below the COICOP-5-level aggregate of products used in our main anal-
ysis. For instance, in Germany, the 50 products are taken from a total of more than 700 different products defined
at a very detailed level in the micro price dataset; in Austria, they are taken from about 800 elementary products.
31For example, the German CPI dataset covers 83 percent of the CPI, but only 11 percent refers to the product
categories included in Dhyne et al. (2006). In Austria, the coverage of these 50 products is about 13 percent of the CPL
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TABLE 6—FREQUENCY AND SI1ZE OF PRICE CHANGES IN PERCENT:
COMPARISON WITH DHYNE ET AL. (2006) BASED ON 43 PrODUCTS

Dhyne et al. (2006), 1996-2001: 2011-2017:
Core items (43 products) Core items of available products
Proc. food NEIG  Services Total core Proc. food NEIG  Services Total core
Average frequency of price changes
Euro area—5 13.6 9.4 5.0 7.8 15.6 13.1 6.2 9.9
Austria® 17.0 8.5 8.8 9.7 21.1 19.7 11.8 15.7
Belgium® 18.3 35 2.6 5.5 22.1 6.6 4.1 8.0
France® 20.2 16.8 6.4 12.0 24.6 18.6 53 12.7
Germany" 9.7 7.1 4.8 6.2 11.0 134 7.0 9.6
Ttaly® 10.6 59 3.6 5.4 9.9 6.4 55 6.5
Median size of price increases
Euro area—5 6.6 8.5 6.3 7.1 8.1 9.5 59 7.4
Austria® 12.1 10.2 59 8.2 17.3 11.8 52 9.0
Belgium® 6.7 6.4 7.0 6.8 4.6 11.3 4.6 6.9
France® 39 8.7 43 5.7 2.8 154 44 7.8
Germany" 7.7 9.4 5.1 6.8 14.1 7.8 6.5 7.9
Italy 6.8 7.1 10.5 8.8 43 4.7 7.1 59
Median size of price decreases
Euro area—5 74 11.7 10.4 104 9.6 13.2 8.1 9.9
Austria® 12.7 13.2 9.0 10.9 20.6 15.8 7.2 11.8
Belgium® 7.0 8.0 6.7 7.2 39 14.3 4.7 7.8
France® 4.5 14.3 6.3 8.7 2.7 21.0 7.5 11.2
Germany" 9.4 12.7 135 12.7 17.1 10.3 8.8 104
Ttaly® 6.6 7.6 11.3 9.4 5.1 7.7 8.7 7.8
Notes:

*Price changes including sales.

®Price changes excluding sales (except for processed food in Germany). Price changes include substitutions
(except for Belgium). Euro area—5 refers to Austria, Belgium, Germany, France, and Italy. Only products avail-
able in both sample periods are included in the comparison, and results are aggregated using country-specific
product weights to product groups and then product-group weights (average of 2011-2017) to the “Total core.”

GDP, and for 43 of the original 50 product categories (see Table A19 in the online
Appendix). Second, concerning the treatment of sales and substitutions, we fol-
lowed the same country-specific approach as in Dhyne et al. (2006): price changes
due to substitutions were included in all countries (except Belgium). For both peri-
ods, price changes due to sales were excluded in Belgium, Germany, and Italy and
included in Austria and France. This implies that the resulting frequencies are less
comparable across countries but, rather, more comparable across the two periods for
a given country. In a similar vein, we restricted the underlying period to 2011-2017
(until 2015 for Belgium) to perform a comparison with Dhyne et al. (2006).

The upper panel of Table 6 presents the frequencies of price changes for 43 products
aggregated to the three available subsectors of processed food, NEIG, and services.>”
We find that for all countries the overall frequency of price changes has increased
since Dhyne et al. (2006). The increase was most pronounced for Austria (46 pp), fol-
lowed by Germany (about +3.4 pp) and Belgium (+42.5 pp), and was relatively small
for France and Italy (about +1 pp). For the weighted average of these five countries
(euro area-5), the frequency increased by 2.1 pp, from 7.8 percent to 9.9 percent.

32Note that the reported numbers in Dhyne et al. (2006) diverge from those in Table 6 since we only include
products that are available in both periods and use harmonized product and country weights in the aggregation.
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With regard to sectoral heterogeneity, the increase is observed in all three sectors but
is larger for NEIG products.

At the product level, almost 70 percent of product-country combinations have a
higher frequency in the more recent period (in particular for NEIG in Austria and
Germany).??

In the middle and lower panels of Table 6, we compare the median size of price
increases and decreases for the period 2011-2017 with those of Dhyne et al. (2006).
At the euro area level, the median price increase is similar for both periods, while
the median price decrease is somewhat higher in the more recent period. The latter
is mainly due to a pronounced increase in the size of price decreases in France, in
particular for NEIG (see also Figure A8 in the online Appendix for a detailed com-
parison at the product level).

Overall, we find a higher frequency of price changes in the more recent period
than in Dhyne et al. (2006), but no clear trend for the size of price changes. The
increase in the frequency is dominated by NEIG items in Austria, Belgium, and
Germany. It should be borne in mind that in order to be comparable with Dhyne
et al. (2006), our results are based on a small sample of 43 product categories and
therefore differ somewhat from those presented in Section IIA.

Comparison with US Evidence.—In this section, we compare euro area price rigid-
ity results at the product level with equivalent evidence provided by Nakamura and
Steinsson (2008a) for the United States. We restrict our comparison to the equivalent
products to control for possible differences in the composition of the consumption
basket considered in both economies.? To do this, we build a mapping table between
the entry-level items (ELIs) classification of the US CPI as defined by the Bureau of
Labor Statistics and the European Classification of Individual Consumption according
to Purpose (ECOICOP) classification of euro area HICP as defined by Eurostat.’
To control for possible differences in the composition of the consumption baskets
between the two economies, we apply euro area HICP weights as done in the previous
sections to derive aggregate statistics for both economic areas.

Table 7 contrasts our price rigidity statistics for the euro area with those for the
United States. When price changes due to sales are included, we find that prices are,
on average, more frequently updated in the United States than in the euro area. The
average frequency of price change is 19.3 percent in the United States for compa-
rable products, whereas it is only 12.3 percent in the euro area. However, when we
exclude price changes due to sales, we find that the frequencies of price changes in

33Figure A8 in the online Appendix shows the scatterplot of product-level frequencies in both periods (recent
period on the y-axis and Dhyne et al. 2006 period on the x-axis) for all five countries. Single products that contribute
most to the overall increase are “TV set” (in Austria and Germany), “men’s shirt” and “jeans” (in Austria), and
“hotel room,” “toaster,” and “car tyre” (in Germany).

340One important caveat regarding this comparison is that US moments were computed from the period
1998-2005, whereas most euro area results are obtained from a more recent period. However, to our knowledge, the
US data moments provided by Nakamura and Steinsson (2008a) are the only information available for the United
States at this disaggregate level of products.

35 Almost all COICOP five-digit products have a corresponding ELI product, while some ELI products have no
correspondence in our euro area dataset. Our replication materials, Gautier et al. (2024), provide the mapping tables
and both detailed classifications.
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TABLE 7—PRICE RIGIDITY STATISTICS: EURO AREA VERSUS UNITED STATES

Share of Average size price changes
Frequency increases Increases Decreases

Incl. Excl. Incl. Excl. Incl. Excl. Incl. Excl.

sales sales® sales sales® sales sales® sales sales®
Aggregate
United States 19.3 10.0 62.0 71.1 17.8 10.6 21.6 13.4
Euro area 12.3 8.5 64.0 68.8 12.3 8.9 16.2 11.6
By sector
Unprocessed food
United States 42.8 29.3 53.1 58.4 27.5 18.9 30.0 20.6
Euro area 31.4 24.0 54.5 57.6 16.7 12.7 18.9 13.7
Processed food
United States 26.3 12.0 55.3 66.3 24.4 11.5 28.1 15.8
Euro area 15.4 10.4 57.0 61.8 12.3 7.8 14.5 8.8
NEIG
United States 22.0 5.7 46.9 66.0 21.6 9.8 26.4 12.1
Euro area 12.9 6.4 48.2 59.8 17.1 10.5 22.0 13.9
Services
United States 8.9 8.6 78.9 80.1 9.5 9.1 12.8 11.7
Euro area 6.0 5.7 82.5 82.4 7.5 74 11.8 10.7

Distribution of size of price changes
25th 50th 75th
Incl. Excl. Incl. Excl. Incl. Excl.
sales sales® sales sales® sales sales®

Aggregate
United States 7.2 5.2 14.2 10.7 254 20.1
Euro area 6.0 3.9 10.9 7.0 18.8 12.5
By sector
Unprocessed food
United States 11.7 9.9 22.4 17.6 38.5 30.9
Euro area 6.9 5.8 13.4 10.5 254 18.2
Processed food
United States 8.2 5.1 17.7 10.4 35.6 23.9
Euro area 4.7 33 10.2 5.9 19.4 10.5
NEIG
United States 10.2 6.5 19.5 14.4 31.8 25.7
Euro area 9.8 4.6 17.2 8.7 27.6 15.7
Services
United States 34 34 6.7 6.6 12.5 11.8
Euro area 3.3 3.2 5.7 5.6 10.1 9.7

Notes: US product results are taken from Nakamura and Steinsson (2008a). Euro area statistics are based on the
country-specific period and on products that are common to at least three of the four largest countries. Price changes
due to replacement are excluded beforehand (except Greece and Slovakia).

*Results excluding sales are based on NSI sales flag if available or common sales filter.

both economies are much closer (10 percent in the United States versus 8.5 percent in
the euro area). This would imply that the share of sales is higher in the United States
than in the euro area. Indeed, Nakamura and Steinsson (2008a) report that the share of
sales is 7.4 percent, whereas in the euro area we find that less than 5 percent of prices
are sales prices.’9 Looking at sectoral differences, the picture is similar. Price changes

36We cannot rule out that part of this gap can be due to differences in how sales flags are reported in the United
States and in the euro area.
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due to sales and promotions explain a large share of the difference between price
rigidity in the United States and the euro area. Regarding the share of price increases,
the two economic areas are quite similar, both for the aggregate and across sectors.
On the size of price changes, Table 7 shows that the average price change is much
larger in the United States than in the euro area (about 5 pp). As with the frequency
results, when we exclude price changes due to sales, the difference is much less pro-
nounced: the average price increase is 10.6 percent in the United States versus 8.9 per-
cent in the euro area, and a similar difference is obtained for price decreases. Sectoral
differences are once again large between the two regions, with the largest gap found
in the food sector (both unprocessed and processed food products) and the smallest
gap in services. Sales play an important role in this comparison: when we exclude
them, we find that the difference in the size of price changes between the euro area
and the United States decreases significantly for all goods except food products.
When looking at the tails of the price change distribution, we can compare the
quartiles of the absolute price change distribution at the five-digit COICOP level.
We find that the first and third quartiles are lower in the euro area than in the United
States even when excluding sales. We also find that the gap between the first quar-
tile and the third quartile is larger in the United States than in the euro area. Using
US scanner data and focusing on price changes excluding sales, Midrigan (2011)
reports for the United States that the tenth percentile of the price change distribu-
tion (in absolute value terms) is equal to 3 percent and the twenty-fifth percentile
is equal to 5 percent, whereas the seventy-fifth and ninetieth percentiles are respec-
tively equal to 13 percent and 21 percent. These results are quite in line with the euro
area results on the distribution of price changes (Table A15 in online Appendix).
For a more disaggregated perspective, Figure 2 plots the comparison of frequency
and size of price changes as well as the share of price increases for the common
sample of products for the United States and the euro area. We find only a very few
products for which frequencies and sizes are larger in the euro area than in the United
States when we consider all price changes. Once we have removed price changes due
to sales, the picture is more balanced, in particular for the frequency of price changes.
When we compare US evidence with each of the euro area country results, we find
for most euro countries that once price changes due to sales are excluded, the frequen-
cies of price changes in the United States and the euro area countries are much more
similar. With respect to size, we find more heterogeneity: compared with the United
States, price changes are often smaller in Belgium, France, Italy, and Spain, whereas
in Austria, Germany, Lithuania, Latvia, and Slovakia, they look much more similar.?”

III. Time Series Evidence on Euro Area Price Rigidity
In this section, we investigate how price adjustment patterns (frequency and size)
evolve over time (Section IITA). We analyze how variation in the frequency and size

of price changes over time contributes to inflation variation and derive some possi-
ble implications for our understanding of aggregate price dynamics (Section IIIB).

37See online Appendix D for a detailed comparison between the United States and each euro area country.
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FIGURE 2. PRICE RIGIDITY STATISTICS AT THE PRODUCT LEVEL: EURO AREA VERSUS UNITED STATES

Notes: US product results are taken from Nakamura and Steinsson (2008a). Euro area statistics are based on the
country-specific period and on products that are common to at least three of the for largest countries and calcu-
lated using euro area product weights at the COICOP-5 level (2017-2020 average) and country weights in euro
area HICP (2017-2020 average). Total COICOP-5 categories: 164. Price changes due to replacement are excluded
beforehand (except Greece and Slovakia). Results excluding sales are based on (i) NSI sales flag if available or (ii)
common sales filter.

Finally, we explore how the various margins of price adjustment shape the response
of inflation to aggregate shocks (Section ITIC).

A. Frequency and Size of Price Changes over Time

Inflation results from the aggregation of millions of individual firms’ price changes.
In a given month, inflation can go up because more outlets increase prices or because
the size of price changes is larger on average while the number of outlets adjusting
prices remains the same. Using micro price data, we can decompose the monthly
product-level inflation rate as follows (see, for example, Klenow and Kryvtsov 2008):

(2) T = fi X dpjs

where j is a COICOP-5 product category in given country i (i.e., subscript j refers
to a product (COICOP-5)—country pair), f; is the frequency of price changes, and
dp;, is the average of nonzero price changes of group j at date 7.

We can further decompose the monthly inflation rate by splitting price changes
into price increases (+) and decreases (—):

(3) T = fii X dpj —fir % dpj,



VOL. 16 NO. 4  GAUTIER ET AL.: NEW FACTS ON CONSUMER PRICE RIGIDITY IN THE EURO AREA 411

where f;; is the frequency of price increases, f;, is the frequency of price decreases,
dpjf is the average absolute size of price increases, and dpj, is the average absolute
size of price decreases of group j at date . From these two expressions, we can see
how changes in inflation can be related to changes in the frequency or size of price
adjustment.

Using frequencies and sizes calculated over time at the product level for the dif-
ferent countries, we can investigate the time variation of the frequency and size of
price changes in the euro area. To do this, we estimate simple panel OLS regressions
relating the frequency and size of price changes at the product-country level to month
and year fixed effects. In particular, we estimate the following set of regressions:

(4) Yie = W+ tm + py + BVAT;, + €,

where 11 is a COICOP-5 product—country fixed effect, 1, is a calendar month fixed
effect, p, is a year fixed effect, and VAT], is a dummy variable that controls for VAT
changes in our sample. The dependent variable y;, differs according to specification:
it can be the overall frequency of price adjustments, the frequency of price increases,
the frequency of price decreases, the absolute size of price increases, or the absolute
size of price decreases.

Figure 3 plots the estimates and confidence intervals of j,, and p,. Two main
results emerge from these regressions.

First, both the frequency and size of price changes show large seasonal move-
ments (bottom panels), which are also visible in the aggregate time series of the
frequency and size of price changes for the euro area depicted in Figures 4 and 5.7
Seasonality in the size of price decreases (left-hand bottom panel) is slightly more
pronounced than that of price increases: in January and July (and to a lesser extent in
February and August), price decreases are larger in absolute value terms by about 2
pp, while price increases are smaller in these months. These movements are mostly
explained by seasonal sales.”” If we exclude price changes due to sales and promo-
tions, the pattern for both price increases and decreases persists, yet is considerably
less pronounced and closer to 0. Similarly, for the frequency of price changes, we
find that sales in January and July also play a key role in explaining seasonality.
However, when we exclude sales, we still find that the frequency of price changes
is much larger in January than in other months of the year. Table § reports more
detailed results on such an estimated “January” effect. We find that this effect is sig-
nificant for 77 percent of products in our sample and that the average weighted effect
is about 8 pp for the frequency of price changes including sales and 6 pp when sales
are excluded. The January effect excluding sales is much larger for price increases
(4.8 pp) than for price decreases (1.2 pp). While this effect is observed in almost all
countries and in all sectors, it is stronger in Austria, Luxembourg, France, Germany,
and Spain. This type of seasonal effect that is unrelated to seasonal sales is in line

38 We plot the aggregate euro area statistics from 2005 to 2019, controlling for composition effects due to coun-
tries entering or exiting the sample.

39We do not fully capture price increases following sales periods, since we disregard product replacements that
often occur at the end of a sales period.
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FIGURE 3. FREQUENCY AND SIZE OF PRICE CHANGES OVER TIME: ESTIMATIONS OF YEAR AND MONTH EFFECTS

Notes: Coefficient plots from weighted panel regressions with COICOP, country, and time fixed effects and dummy
for VAT changes in France (April 2000, January 2012, January 2014), Italy (September 2011), Slovakia (January
2011), and Spain (September 2012, July—September 2010), with country weights in euro area HICP (2017-2020
average) and robust standard errors. Dependent variables are frequency and size of price adjustment. Regressions
are based on the country-specific period and on products that are common to at least three of the four largest coun-
tries. Displayed are only the years 2005-2019, with the base year 2013 and base month January. Price changes due
to replacement are excluded beforehand (except Greece and Slovakia). Results excluding sales are based on (i) NSI
sales flag if available or (ii) common sales filter. Outliers adjusted beforehand.

with predictions of a class of time-dependent models with a small degree of price
change staggering (see Taylor 1980, where prices are kept constant for a fixed
duration). Looking at these patterns across product groups (unprocessed and pro-
cessed food, NEIG, and services), we find differences across sectors.*? Seasonal
movements in the size of price changes are much larger for NEIG but disappear once
sales are excluded. For the frequency of price changes, the January effect is robust
to the three broad sectors (food, NEIG, and services) even when we exclude sales
(see Table 8). In particular, the January effect is very strong in services (411 pp),
whereas the average frequency in this sector is 6 percent. A recent and expanding
literature studies the role of sales for shocks’ transmission and for the real effects of
monetary policy, with different results depending on how they model the occurrence

40Detailed results are reported in online Appendix Figures A16 and A17 for unprocessed and processed food,
Figure A18 for NEIG, and Figure A19 for services.
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TABLE 8—“JANUARY EFFECT” ON THE FREQUENCY OF PRICE CHANGES

Including sales Excluding sales
Products with a Products with a
Average significant Jan effect Average significant Jan effect
effect Obs. % HICP effect Obs. % HICP

Euro area
Price changes 0.082 109 71.2 0.060 120 85.3
Price decreases 0.036 92 68.0 0.012 72 55.5
Price increases 0.046 100 70.5 0.048 104 70.7
By sector (price changes)
Food 0.014 21 41.5 0.019 36 66.3
NEIG 0.106 49 85.0 0.028 44 84.6
Services 0.113 39 96.4 0.114 40 99.3
Country (price changes)
Austria 0.121 77 72.4 0.096 74 64.7
Belgium 0.012 34 62.2 0.013 34 61.6
France 0.094 109 80.9 0.061 91 66.0
Germany 0.072 69 54.1 0.065 62 45.2
Greece 0.008 56 42.1 0.007 60 429
Italy 0.079 77 57.8 0.010 58 54.9
Lithuania 0.035 28 24.8 0.041 29 21.6
Luxembourg 0.146 71 52.0 0.137 69 51.7
Latvia 0.014 38 32.0 0.010 28 23.0
Slovakia 0.042 65 61.1 0.036 65 62.3
Spain 0.063 59 52.9 0.066 65 58.1

Notes: The table shows the (weighted) average size of significant January dummy coefficients of the COICOP-specific
month-year regressions on the frequency of price changes (columns 1 and 4), the absolute number (columns 2 and
5), and weighted share (columns 3 and 6) of COICOP-5 groups for which the coefficient is positive and signifi-
cant. Statistics are based on the country-specific period and on products that are common to at least three of the
four largest countries and calculated using euro area product weights at the COICOP-5 level (2017-2020 average)
and country weights in euro area HICP (2017-2020 average). Total COICOP-5 categories: 166. Price changes due
to replacement are excluded beforehand (except Greece and Slovakia). Seasonal sales are excluded in the Belgian
dataset, but temporary promotions are included. Results excluding sales are based on NSI sales flag if available and
common sales filter otherwise. Outliers adjusted beforehand.

of sales.*! Our results emphasize that on top of sales, there can be other seasonal
patterns, like the January effect, that might deserve further investigation to gauge
their effect for the transmission of shocks.™*

Second, the frequency of price changes does not show any strong upward or
downward trend over the time period from 2005 to 2019. Figure 4 plots the time
trends of frequencies of price changes (estimated using a standard HP filter), and
they are quite flat over time.™ Since the link between prices and real output in a typ-
ical Phillips curve depends on the frequency of price changes, one important impli-
cation of the stability of the frequency over time is that any change in the slope of
the Phillips curve cannot be attributed to a change in the frequency of price changes.

4! Alvarez and Lippi (2016) and Kryvtsov and Vincent (2021) argue that temporary sales substantially reduce
the real effects of monetary policy shocks, while Guimaraes and Sheedy (2011) and Kehoe and Midrigan (2015)
find that sales do not matter for macro analysis.

42See Olivei and Tenreyro (2007) for evidence on how the seasonality of wage adjustment can matter for the
response to monetary policy.

“31n the online Appendix, we have reported the same figures, plotting frequencies of price changes by country
(Figures A13 and A14); the main conclusions are broadly consistent across countries.
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FIGURE 4. FREQUENCY OF PRICE CHANGE IN THE EURO AREA OVER TIME

Notes: Time series are composition adjusted (using a countries’ long-term weighted average) and based on products
that are common to at least three of the four largest countries and calculated using euro area product weights at the
COICOP-5 level (2017-2020 average) and country weights in euro area HICP (2017-2020 average). For the trend, an
HP filter is applied. Price changes due to replacements are excluded beforehand (except Greece and Slovakia). Results
excluding sales are based on (i) NSI sales flag if available or (ii) common sales filter. Outliers adjusted beforehand.

Specifically, the frequency of price changes shows some movements over the years of
our sample period, but they are rather limited (Figure 3, top-right panel). Compared
with the base year 2013, the frequency of price changes is significantly higher
(+1 pp) during the Great Recession, when euro area inflation reached a maximum at
4.1 percent in July 2008 and then fell to —0.6 percent in July 2009. It was also lower
after 2013, when the average inflation rate was pretty low in the euro area.*! These
variations are mainly driven by changes in the frequency of price increases. By
contrast, the frequency of price decreases has remained quite flat. Interestingly, the
picture does not change if sales prices are excluded (right-hand side of the panel).
Overall, we find that the lower inflation rates observed after 2013 are associated
with less frequent price increases than those before 2013 (as also shown in the bot-
tom right-hand panel of Figure 4).

As regards the average sizes of price increases and decreases, we find a small
trend increase when we include sales. However, when we remove price changes due

“Here, we choose 2013 as a reference since before 2013, inflation was quite close to 2 percent (excluding
energy, 1.7 percent on average), whereas after 2013, inflation was pretty low (1 percent on average).
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FIGURE 5. S1ZE OF PRICE CHANGES IN THE EURO AREA OVER TIME

Notes: Time series are composition adjusted (using a countries’ long-term weighted average) and based on products
that are common to at least three of the four largest countries and calculated using euro area product weights at the
COICOP-5 level (2017-2020 average) and country weights in euro area HICP (2017-2020 average). For the trend, an
HP filter is applied. Price changes due to replacement are excluded beforehand (except Greece and Slovakia). Results
excluding sales are based on (i) NSI sales flag if available or (ii) common sales filter. Outliers adjusted beforehand.

decreases and the size of price increases over time (Figure 5).*> More specifically,
the average size of price increases and decreases is at most 1 pp larger after 2013
compared with before. Online Appendix Figure A5 plots the distribution of price
changes (excluding sales) before and after 2013; the shift of the distribution to the
left after 2013 is pretty small. This shift leads to a higher share of decreases in all
price changes and a lower share of price increases, but the average sizes of price
increases and decreases are affected only a little.

Taking food, NEIG, and services separately, we do not find any time trend in the
size of price changes in any of the three sectors. Regarding the frequency, we find
that the frequency of price increases is lower over the period 2014-2019 for food
and, to a lower extent, for services.

to sales or promotions, we do not find large significant changes-in the size of price
i

B. Contribution of Frequency and Size of Price Changes to Inflation Variation
To investigate how variation in the frequency and variation in the size of price

changes over time contributes to inflation variation, we define counterfactual inflation
rates. In particular, we calculate a counterfactual inflation rate assuming that the

45 See also online Appendix Figure A15 for country-level evidence.
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frequency of price adjustments is constant over time (equal to its product-specific
average f;, j referring to a pair (country-product (COICOP-5))—that is, what infla-
tion would be if the frequency were constant and the size of price changes varies
over time. The counterfactual inflation with constant frequency 77-;, is defined as

(5) T = f. x dp;.

Similarly, we can define a counterfactual inflation rate where outlets only vary
their probability of price changes over time and where the size of price change is
equal to its product-specific average (dp; ):

(6) i = fi x dp;

In this case, inflation variation is only the result of movements in the frequency
of price changes over time.

For each product-country pair, we can calculate the correlation between our
recomposed inflation (calculated following equation (3)) and these two counterfac-
tual inflation rates.*9 In Table 9, we report average correlation coefficients, while
Figure 6 plots the distribution of correlations between counterfactual inflation and
recomposed inflation, both calculated at the country-product level.

The main finding of this exercise is that recomposed inflation is highly correlated
with counterfactual inflation, assuming constant frequency (the average correla-
tion coefficient is about 0.8 irrespective of the inclusion of price changes due to
sales). The recomposed inflation has a lower correlation with the counterfactual
inflation rate that assumes a constant size of price changes (correlation coefficient
of 0.4 when sales are excluded). This finding is robust across sectors and across
countries. Figure 6 shows that for almost all products, the correlation coefficient
associated with counterfactual inflation assuming constant frequency is higher than
0.6 (left-hand panels: gray bars), while the correlation associated with counterfac-
tual inflation assuming constant size is very widespread.*’ Table A20 in the online
Appendix confirms the small impact of overall frequency, as it shows that there is a
weak relation between the recomposed inflation and overall frequency (the correla-
tion equals 0.02 when we exclude sales). Thus, most of the short-term variation in
inflation is due to variation in the overall size of price changes and not due to varia-
tion in the overall frequency. This pattern of the data is consistent with the standard
predictions of a Calvo model (by construction of our counterfactual inflation), but
also with a menu cost model in a low-inflation environment (see Alvarez et al. 2019
or Nakamura et al. 2018). In this latter model, aggregate shocks are relatively small
compared with firm-specific shocks and are less of a motive for firms to change their
prices. It follows from this model that movements over time in the overall frequency

46The correlation between HICP inflation at the COICOP five-digit level and our recomposed inflation rate
is about 0.7 and highly significant. Overall, the recomposed inflation rates are a good approximation of the actual
inflation rates (see Figure A20 in the online Appendix, which compares recomposed and actual inflation rates at
the product level).

47By definition, the recomposed inflation and counterfactual inflation assuming constant overall frequency have
the same sign. However, this does not drive the conclusion, as the correlation of the absolute values is also high.
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TABLE 9—CR0OSS-CORRELATION BETWEEN RECOMPOSED INFLATION
AND COUNTERFACTUAL INFLATION RATES

Euro area

m; (incl. sales) 0.813 0.340 0.444 0.850 0.672
7, (excl. sales) 0.773 0411 0.427 0.846 0.618
By sector

Unprocessed food 0.968 0.113 0.460 0.889 0.865
Processed food 0.933 0.207 0.312 0.820 0.786
NEIG 0.883 0.203 0.590 0.859 0.752
Services 0.658 0.569 0.396 0.853 0.505
Country

Austria 0.728 0.400 0.402 0.809 0.585
Belgium 0.716 0.537 0.341 0.862 0.598
France 0.824 0.361 0.349 0.848 0.724
Germany 0.802 0.388 0.352 0.870 0.699
Greece 0.746 0.227 0.266 0.848 0.667
Italy 0.866 0.281 0.682 0.828 0.595
Lithuania 0.830 0.262 0.432 0.880 0.720
Luxembourg 0.745 0.338 0.589 0.843 0.566
Latvia 0.894 0.313 0.619 0.817 0.661
Slovakia 0.827 0.286 0.451 0.865 0.687
Spain 0.796 0.224 0.557 0.847 0.668

Notes: The table shows weighted average correlation coefficients between recomposed infla-
tion (1), as in equation (3), and counterfactual inflation, as in equations (5) to (10), calculated
at the product (COICOP-5)—country level (more than 1,500 product-country pairs). For statis-
tics at sectoral and country levels, calculations have been made for the case “including sales.”
Statistics are based on the country-specific period and on products that are common to at least
three of the four largest countries. Price changes due to replacement are excluded beforehand
(except Greece and Slovakia). Seasonal sales are excluded in the Belgian dataset, but tempo-
rary promotions are included. Results excluding sales are based on the NSI sales flag if avail-
able and the common sales filter otherwise.

are very small, whereas inflation varies more with the average size of nonzero price
changes, which is consistent with our empirical findings.
The average size of nonzero price changes can be further decomposed as follows:

(7) dp; = oy ¥ dp; — (1 — aj,) X dpy,

where «, is the share of price increases among all price changes f],+ /fi- As also
emphasized in previous literature (e.g., Nakamura and Steinsson 2008a), the aver-
age size of nonzero price changes can move either because the relative frequency of
price increases and decreases moves (changes in cy,) or because the absolute size of
price increases and decreases moves (changes in dpj; and dpj;).

Having this in mind, we further investigate the relationship between inflation
and the average size of nonzero price changes considering two other counterfactual

inflation rates. The first one TI{;’f ~ assumes not only that the overall frequency is

constant but also that the frequencies of both price increases and price decreases are



418 AMERICAN ECONOMIC JOURNAL: MACROECONOMICS OCTOBER 2024

Including sales

Price changes Price increases/decreases
254 254
20+ 20
£ 151 5 151
S S
- [0 -
& 10 D 10
51 57
0- T T T T T T T T T T T 0- T T T T T T T T T T T
AN I I O A TN 2PN PN IS I AN BN IS PN R BN PN N N
N M U NN §000 70T 97 97 9 Q7 7 o7 O
Correlation Correlation
Excluding sales
Price changes Price increases/decreases
25
20
I
@ 154
o
(0] i
q 10
5
0- T T T - T T T T T
A /Qq’ /QQ’ /Qb‘ NN AN AN R4
Correlation Correlation

| [ Constant freq. [ Constant size

FIGURE 6. CROSS-PRODUCT DISTRIBUTION OF THE CORRELATIONS BETWEEN
RECOMPOSED AND COUNTERFACTUAL INFLATION RATES

Notes: The figure plots the distribution of correlation coefficients between recomposed inflation, as in equation (3),
and counterfactual inflation, as in equations (5) to (9). These correlation coefficients are calculated at the product
(COICOP-5)—country level (more than 1,500 product-country pairs). Statistics are based on the country-specific
period and on products that are common to at least three of the four largest countries. Price changes due to replace-
ment are excluded beforehand (except Greece and Slovakia). Outliers adjusted beforehand.

constant over time. In this case, movements in counterfactual inflation are due to
changes in the average absolute size of price increases and in the average absolute
size of price decreases (taken separately).

® I = fF < dp; — fi7 x dpy

. . dpT.dp~
The second counterfactual inflation wﬁ” 4P~ assumes that the average absolute
sizes of both price increases and decreases are constant over time. The variation
over time will come from movements in the frequency of price increases and the

frequency of price decreases (translating into changes in the overall size of price
changes).

dpTdp™ _ _ _
9) i = f;[ X dp}L — fir x dp;.
Interestingly, we find that the recomposed inflation rates are much more cor-

related with the counterfactual inflation assuming constant size of price increases and
decreases (correlation coefficient of about 0.85) than with the counterfactual inflation
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rate assuming constant frequencies of price increases and decreases (correlation coef-
ficients of less than 0.5) (Table 9). This result is very robust across sectors and across
countries. Figure 6 shows that for almost all products, the correlation with the coun-
terfactual inflation assuming constant size of price increases and decreases is higher
than 0.6 (right-hand panels: white bars). Consistently, we also find weak correlations
between the recomposed inflation and the size of price increases or the size of price
decreases (smaller than 0.2 when excluding sales) while the correlations between
the recomposed inflation and the frequency of price increases or the frequency of
price decreases are larger (about 0.3) (Table A20 in the online Appendix). Thus, infla-
tion varies over time much more because of time variation in the frequency of price
increases and the frequency of price decreases than because of variation in the size of
price increases and the size of price decreases (in absolute values). Combining this
result with that documented previously on the limited contribution of overall frequency
and the large contribution of the overall size of price changes, we find that inflation is
mainly driven by movements in the proportion of price increases and decreases (trans-
lating to a change in overall size) and less by changes in the overall frequency, in the
average size of price increases, or in the average size of price decreases. To confirm
this conclusion, we define one last counterfactual inflation in which only the share
of price increases o, varies over time (that is, the overall frequency, the size of price
increases, and the size of price decreases are fixed):

(10) whd I = oy x fox dpt — (1= ay) % fi x dp;.

The correlation is larger than 0.6 (and is much higher for goods than for services).
Changes in inflation are indeed driven to a large extent by changes in the share of
price increases.

Our results are broadly in line with the previous literature. For the United States,
Klenow and Kryvtsov (2008) document that aggregate inflation is mainly associated
with movements in the average overall size of price changes rather than the over-
all frequency of price changes, because of offsetting movements in the frequency of
price increases and decreases. The share of price increases is also a key driving force
behind inflation for Nakamura and Steinsson (2008a) and Nakamura et al. (2018):
they find a very weak correlation (if any) of the absolute size of price increases and
price decreases with inflation, while the frequency of price increases covaries strongly
with inflation. When inflation is low, as in our case for the euro area, Nakamura et al.
(2018, p. 1965, fn 30) explain, “The frequency and absolute size of price changes
can be relatively constant as inflation rises if the fraction of price changes that are
increases is rising with inflation. In this case, the behavior of the average size and
the average absolute size can be quite different.” Our results are also consistent with
what has been described in Gagnon (2009) for Mexico and Alvarez et al. (2019) for
Argentina when inflation is low (generally below 5 percent).

C. Dissecting Inflation Adjustment in Response to Aggregate Shocks

In our last empirical exercise, we document how the counterfactual inflation
rates respond to aggregate shocks. Our aim is to investigate what margin of price
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adjustment is key for the inflation response. We first focus on some exogenous
shocks identified in the literature for the euro area and on country-specific VAT
changes; finally, we focus on the relation between inflation and unemployment.

Exogenous Shocks.—We use local projection regressions a la Jorda (2005), and
we estimate the dynamic response of prices to different aggregate shocks S,.*S We
use different types of shocks. First are some exogenous shocks identified in the
literature for the euro area: monetary policy shocks as identified by Jarocifiski and
Karadi (2020), oil supply shocks, and demand shocks (global demand shocks as
identified by Baumeister and Hamilton 2019). Second are country-specific VAT
changes.™ For each shock, the estimated model is as follows:

(11) Titirh = Qp+ Qg+ BpSe + i Xey + €4,

where 77,y is the cumulated inflationrate for product j (product and country
specific) between period ¢ — 1 and ¢ + h,>° «; , are country-product fixed effects,
a,,,, are country-month fixed effects (i.e., capturing seasonal country-specific vari-
ations), and X, , are country-specific controls (we use one lag of monthly changes
in industrial production in all versions of this equation, regardless of the shocks).”"
€, are i.i.d. error terms, and (3, measures the effects of shock S, at horizon / after
the shock. Thus, in our exercise, specific parameters of interest are (3, from which
we derive the impulse response function (IRF) of prices to aggregate shocks. The
size of the different shocks should be interpreted as follows: the monetary policy
shock is equivalent to a positive surprise in the three-month EONIA swap rate of 25
basis points; the oil supply and global demand shocks should be interpreted as a 1
standard deviation shock; for VAT, it is a 1 pp increase.

The cumulated inflation rate used as dependent variable will differ according
to specifications. We will use first our cumulative recomposed inflation rate as a
benchmark to document the typical response of inflation to a shock. Then, we will
use the four counterfactual cumulative inflation rates corresponding to the different
assumptions on frequencies and average sizes of price changes.’? We plot impulse
responses functions (IRFs) corresponding to the different empirical exercises in
Figures 7 and 8. Panel A of Figure 7 reports the IRFs of prices to a contraction-
ary monetary policy shock, while panel B reports the IRFs to a positive oil supply

“48See also Balleer and Zorn (2019) or Dedola, Kristoffersen, and Zullig (2021) for a similar empirical approach
using producer price data for Germany and Denmark.

#9Tn online Appendix F.1, we provide more details on the shock variables we use in our regressions.

SOWe run the regressions on cumulative inflation calculated as the sum of monthly inflation rates over the
period going from 7 to ¢ + h. Alternatively, we could have run them directly on the level of inflation in each period
(t4+i— 1,1+ i) (i from O to k) and calculated the cumulative effects as the sum of the [ coefficients over the
[t,t + h] horizon. These two methods give the same results when the product panel is balanced over time.

ST For regressions with monetary policy shocks, we use as controls the central bank information shock as identi-
fied by Jarocinski and Karadi (2020) and six lags of HICP inflation, the one-month money market interest rate, and
monthly changes in industrial production; for regressions with the VAT shock, we use unemployment as control, on
top of one lag of monthly changes in industrial production.

521n online Appendix E.2, we provide more details on how we construct the cumulative inflation rates in these
exercises.
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FIGURE 7. CONDITIONAL RESPONSES TO POSITIVE AGGREGATE SHOCKS: MONETARY PoLICY AND OI1L SUPPLY SHOCKS

Notes: Local projections are based on the country-specific period and on products that are common to at least
three of the four largest countries. Price changes due to replacement are excluded beforehand (except Greece and
Slovakia). Superscripts x € {m,o} represent the monetary and oil shocks, respectively. The models are specified
in equation (11). In the order of the panels, the coefficients correspond to the recomposed inflation /3, counterfac-
tual inflation assuming constant sizes of price changes B3 counterfactual inflation assuming constant frequency

of price changes 3}/, counterfactual inflation assuming constant sizes of price increases and decredses ,8“1" A
o f

and counterfactual inflation assuming constant frequencies of price increases and decreases [3j; J'I" The light- and

dark-gray areas correspond to one and two standard error bands, assuming calendar-based clusters.

shock, both of which are expected to have a negative effect on inflation.” Panel A
of Figure § reports the IRFs to a VAT increase, while panel B reports the IRFs to a
positive global demand shock, which are expected to have a positive effect on prices.

The IRFs in the first column of each panel, which are associated with our recom-
posed inflation rates, are quite in line with theoretical predictions: a contractionary
monetary policy shock and a positive oil supply shock have a long-term negative
effect on prices, whereas the VAT and the demand shocks both have a positive
long-term effect on prices (even if this effect lasts less for VAT than for other shocks).
The adjustment of prices to shocks is quite protracted for all shocks except VAT and
takes about two years to converge toward a long-run effect. For VAT shocks, the
reaction is much quicker and visible one month after the shock.”! This exercise on

531n the online Appendix, Figure A22 provides results using central bank information shocks as identified by
Jarocifiski and Karadi (2020).

54In a robustness analysis, we have checked that VAT-related inflation effects are not observed before the shock
(because of an anticipation effect).
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FIGURE 8. CONDITIONAL RESPONSES TO POSITIVE AGGREGATE SHOCKS: VAT AND GLOBAL DEMAND SHOCKS

Notes: Local projections are based on the country-specific period and on products that are common to at least
three of the four largest countries. Price changes due to replacement are excluded beforehand (except Greece and
Slovakia). Superscripts x € {v,d} represent the VAT and global demand shocks, respectively. The models are
specified in equation (11). In the order of the panels, the coefficients correspond to the recomposed inflation 37,
counterfactual inflation assuming constant sizes of price changes 33, counterfactual inflation assuming constant
frequency of price changes 35/, counterfactual inflation assuming constant sizes of price increases and decreases
i g
35% 4 and counterfactual inflation assuming constant frequencies of price increases and decreases 3%/"/ . The
light- and dark-gray areas correspond to one and two standard error bands, assuming calendar-based clusters.

recomposed inflation will be used as a benchmark to compare the IRFs obtained
with counterfactual inflation rates.

Figures 7 and 8 also show the IRFs when we assume constant size of price changes
(second column) and constant frequency of price changes (third column). We find
that the response of counterfactual inflation when we assume constant size of price
changes is not statistically different from O for all shocks and all horizons. By con-
trast, when we assume constant frequency, the IRFs are close to the ones obtained
in the benchmark case. Overall, in response to a shock, outlets adjust the size of
their price changes but not the frequency at which they change their prices (which is
consistent with the unconditional decompositions in the previous subsection). These
results are also in line with predictions of a standard Calvo model or a menu cost
model in a low-inflation environment. As shown by Alvarez et al. (2019), in this lat-
ter case, aggregate shocks are too small, compared with firms’ specific shocks, to be
the main motive for price adjustment. Idiosyncratic shocks matter more for pricing
decisions than the aggregate shock. In that case, outlets adjust to the shock through
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variations in the size of price adjustment. To investigate these responses further,
we have also reported the response of the cumulated frequency of price changes
and cumulated size of price changes to the shocks (online Appendix Figure A21).
As expected, we do not see any reaction of the frequency of price changes to the
shocks except for VAT shocks, whereas the reaction of the size is similar to that for
inflation. VAT shocks are in general larger and trigger more frequent price changes.
Karadi and Reiff (2019) show that this pattern could be consistent with predictions
of a menu cost model.

Figures 7 and 8 also report the results associated with counterfactual inflation
assuming constant sizes of price increases and decreases (fourth column) and con-
stant frequencies of price increases and decreases (fifth column). Similar to the
findings in the previous subsection, the main message from these results is that the
overall response to all four shocks is mainly driven by the reaction of the frequen-
cies of price increases and decreases and not by the average size of price increases
and decreases. When we assume constant sizes of price increases and decreases,
the IRFs are quite close to the ones obtained in our benchmark case (first column).
Overall, in response to an aggregate shock, firms adjust their relative frequency of
price increases and decreases (which translates into changes in the overall size of
price changes), but the size of price increases and the size of price decreases are not
affected by the shock. This result is also in line with predictions of a standard menu
cost model in a low-inflation environment. The average sizes of price increases
and decreases mainly depend on idiosyncratic shocks, but the aggregate shock will
still shift the price change distribution, mostly via its impact on the share of price
increases and decreases.

Interestingly, the IRFs are quite similar whether or not sales are excluded (see
Figures A23 and A24 in the online Appendix). To investigate further how sales
respond to shocks, we have also calculated a measure of sales inflation as the dif-
ference between the recomposed inflation rate when sales are included and the one
when they are excluded. We have run the same type of regressions linking sales
inflation to our different shocks. Figure 9 plots the results. Monetary, oil supply, and
VAT shocks have no significant effect on sales inflation, whereas the global demand
shock has a small but significant effect.

In order to explore the role of sectoral heterogeneity, we split the sample
between COICOP-5 categories with a relatively high frequency of price changes
and those with a relatively low frequency of price changes (using the average fre-
quency of price adjustment over the sample period for each COICOP-5). The data
point toward a somewhat stronger effect of shocks for the high-frequency sample
(Figures 10 and 11).

A last exercise explores the role of country heterogeneity. We run the same regres-
sions but restrict the sample to the three countries for which we have the longest
time series: France (2003-2019), Austria (2000-2017), and Greece (2002-2019).
Figures A25 and A26 in the online Appendix plot the results, which are very close
to those obtained with all euro area countries.

Unemployment—We now focus on the reduced-form relation between infla-
tion and unemployment, a crucial object for central banks, as the trade-off between
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FIGURE 9. CONDITIONAL RESPONSES OF SALES INFLATION TO AGGREGATE SHOCKS

Notes: Local projections are based on the country-specific period and on products that are common to at least
three of the four largest countries. Price changes due to replacement are excluded beforehand (except Greece and
Slovakia). Superscripts x € {m,o,v,d} represent the monetary, oil, VAT, and demand shocks, respectively. The
models are specified in equation (11). The left-hand-side variable is here a recomposed sales inflation calculated as
the difference between the recomposed inflation including price changes due to sales and the recomposed inflation
excluding the price changes due to sales. The figure plots coefficients 37, corresponding to the reaction of this sales
inflation (cumulated between date 7 and 7 + h) to the different shocks. The light- and dark-gray areas correspond to
one and two standard error bands, assuming calendar-based clusters.

unemployment and inflation is at the core of the monetary policy transmission
mechanism.

First of all, we perform a similar exercise as for the exogenous shocks, estimat-
ing equation (11) with country-specific observed unemployment as shock S.> We
obtain results in line with what we have documented in Figures 7 and 8 (see the
panel A of Figure 12). However, unemployment cannot be reasonably considered
exogenous; hence, to account for endogeneity and obtain causal effects of unem-
ployment on inflation, we resort to the method introduced by Barnichon and Mesters
(2021). We estimate what they call Phillips multipliers—i.e., a nonparametric mea-
sure of the average change in inflation caused by a change in policy that increases
the unemployment rate by 1 pp on average over the next 4 periods. Hence, following
Barnichon and Mesters (2021), for each horizon &, we estimate the equation

h h
(12) ’;)W;,Hk = qjj+ ayy+ By kzouc,t+h + M Xey + €y

S31n this specification, we use as controls four lags of monthly changes in unemployment on top of one lag of
monthly changes in industrial production.
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CATEGORIES WITH HIGH AND Low FREQUENCY OF ADJUSTMENT: MONETARY PoLICY AND OIL SUPPLY SHOCKS

Notes: Local projections are based on the country-specific period and on products that are common to at least
three of the four largest countries. Price changes due to replacement are excluded beforehand (except Greece and
Slovakia). In all panels, “High” and “Low” refer to the IRF of categories whose frequency of price adjustment
over the considered time sample is above or below the mean value of that statistic for all categories in a country.
Superscripts x € {m, 0} represent the monetary and oil shocks, respectively. The models are specified in equation
(11). In the order of the panels, the coefficients correspond to the recomposed inflation [, counterfactual infla-

tion assuming constant sizes of price changes 5%, counterfactual inflation assuming constant frequency of price

dp .dp

changes 317, counterfactual inflation assuming constant sizes of price increases and decreases 3§ , and coun-

terfactual inflation assuming constant frequencies of price increases and decreases 3/ "/ The light- and dark-
gray areas correspond to one and two standard error bands, assuming calendar-based clusters.

where the cumulative country unemployment Zﬁzoucﬁk is instrumented by the
same monetary policy shock adopted previously. «;;, are country-product fixed
effects, oy, are month fixed effects, X, are 12 lags of the country-specific unem-
ployment level, and 7* will differ depending on the specification: it can be either
our recomposed inflation rate or one of the four counterfactual inflation rates. The
Phillips multipliers are the [3,’s parameters (one for each horizon 4); we plot the
Phillips multipliers for the five specifications in panel B of Figure 12.

The Phillips multipliers plotted in the first column of the panel refer to recom-
posed inflation and are in the same ballpark as the estimates obtained for euro area
core inflation in Eser et al. (2020), where the authors use an analogous methodology
with aggregate time series data. At horizons larger than or equal to six months, the
Phillips multiplier is estimated to be negative, in line with theory, with a coefficient
around or slightly smaller (in absolute value) than —0.1.

The graphs in columns 2 to 4 confirm our previous findings. First of all, coun-
terfactual inflation when we assume constant size of price changes does not signifi-
cantly move with unemployment; instead, when we assume constant frequency, the
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FIGURE 11. CONDITIONAL RESPONSES TO POSITIVE AGGREGATE SHOCKS, DIVIDING THE SAMPLE BETWEEN
CATEGORIES WITH HIGH AND Low FREQUENCY OF ADJUSTMENT: VAT AND GLOBAL DEMAND SHOCKS

Notes: Local projections are based on the country-specific period and on products that are common to at least
three of the four largest countries. Price changes due to replacement are excluded beforehand (except Greece and
Slovakia). In all panels, “High” and “Low” refer to the IRF of categories whose frequency of price adjustment
over the considered time sample is above or below the mean value of that statistic for all categories in a country.
Superscripts x € {v,d} represent the VAT and global demand shocks, respectively. The models are specified in
equation (11). In the order of the panels, the coefficients correspond to the recomposed inflation /3, counterfac-
tual inflation assuming constant sizes of price changes 35, counterfactual inflation assuming constant frequency

of price changes 377, counterfactual inflation assuming constant sizes of price increases and decreases 3F% 4
and counterfactual inflation assuming constant frequencies of price increases and decreases 3/ /. The light- and
dark-gray areas correspond to one and two standard error bands, assuming calendar-based clusters.

Phillips multiplier is significantly negative. Second, the overall response of infla-
tion to unemployment is mainly driven by the reaction of the frequencies of price
increases and decreases and not by the sizes of price increases and decreases.

IV. Conclusion

In this paper, we document several new stylized facts on consumer price rigidity
in the euro area, following a harmonized approach in compiling price change statis-
tics based on national CPI micro price spells in 11 euro area countries.

First, prices in the euro area are sticky: the average monthly frequency of con-
sumer price changes is 12 percent, with limited heterogeneity across countries. In
contrast, cross-sectoral heterogeneity is much more pronounced: each month,
6 percent of prices in services change, whereas this number increases to about one-
third for unprocessed food. We also find that the cost structure matters for how often
prices change: in particular, all other things being equal, the price of a product changes
less often if the share of labor costs is larger. Comparing our results with previous
literature, we find that prices in the United States are updated more frequently than in



VOL. 16 NO. 4  GAUTIER ET AL.: NEW FACTS ON CONSUMER PRICE RIGIDITY IN THE EURO AREA 427

Panel A. Unemployment

a 7 dpt.dp—
Bi B s By

1 -

C

Percentage points

0 10 20 30 0 10 20 30 O 10 20 30 0 10 20 30 O 10 20 30

Months
Panel B. Phillips multipliers —_—
PM PM.dp PM.f PM.,dp™t,dp— 5{ MIT
Bi Bin Bi Bi
@ 0.5
<
.g | W | A B
5 o L
©
b= - -
[0]
[&]
o —0.5
o

0 10 20 30 06 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Months

FIGURE 12. CONDITIONAL RESPONSES TO UNEMPLOYMENT: LOCAL PROJECTIONS AND PHILLIPS MULTIPLIERS

Notes: Estimates are based on the country-specific period and on products that are common to at least three of the
four largest countries. Price changes due to replacement are excluded beforehand (except Greece and Slovakia).
Superscripts x € {u,PM } are for “Unemployment” and “Phillips multiplier,” respectively. Panel A corresponds
to the price response to unemployment obtained from the model in equation (11), while panel B corresponds to
the Phillips multiplier (i.e., the measure of the average change in inflation caused by a change in policy increasing
on average the unemployment rate by 1 pp). In the order of the panels, the coefficients correspond to the recom-

posed inflation (7, counterfactual inflation assuming constant sizes of price changes 5%, counterfactual infla-

tion assuming constant frequency of price changes 3;/, counterfactual inflation assuming constant sizes of price
SOty

increases and decreases 35% ¥ | and counterfactual inflation assuming constant frequencies of price increases

and decreases ,[3,’{"/*'»/ . The light- and dark-gray areas correspond to one and two standard error bands, assuming
calendar-based clusters. Note that in panel B the y-axis is restricted from —0.8 to 0.5 pp to make the results more
visible; the coefficients are estimated very poorly in the first months.

the euro area, but the difference is mainly due to sales,S and that the frequency of
price changes for the euro area seems to be higher in the period 2011-2017 than in
the period 1996-2001.>’

Second, in our sample, idiosyncratic shocks play a larger role in pricing decisions
than aggregate shocks do: the median price increase is 9.6 percent in the euro area,
whereas the median price decrease is 13.0 percent. Dispersion of the median price
change is rather limited across euro area countries but larger than the differences
observed for frequencies. Differences across sectors are large: the median price

360nce we exclude price changes due to sales, the degree of price rigidity is fairly similar in the two economies.

57Compared with Dhyne et al. (2006), the only comprehensive study on moments of micro price adjustments
in the euro area available so far, we find that the frequency of price changes for the same set of 50 products is about
2.4 pp higher in the period 2011-2017 than in the period 1996-2001 covered in Dhyne et al. (2006).
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increase (respectively, decrease) is about 6 percent (8 percent) for services and 14
percent (19 percent) for industrial goods; these differences are much smaller when
we exclude sales. We also document that the distribution of price changes is highly
dispersed and includes both very small and very large price changes. Furthermore,
we find that this distribution of price changes is rather asymmetric around 0: small
price increases are more common than small price decreases. This is especially true
in services, which might reflect the relatively higher relevance of aggregate nomi-
nal shocks (like aggregate wages) compared with idiosyncratic shocks as a motive
for price change in that sector. In comparison with US evidence, we find that price
changes are somewhat larger in the United States than in the euro area when all price
changes are included, but the difference is much smaller when price changes due to
sales are excluded.

Third, over time, the degree of price rigidity in the euro area has remained quite
stable from 2005 to 2019. The frequency of price changes in particular shows no
clear trend over the years, and it has not contributed to steepening or flattening the
Phillips curve over the last 15 years. Yet, the frequency of price changes shows
some variation over time. First, price changes are more frequent in certain months
of the year: in January, the frequency of price changes (when excluding sales) is 6
pp higher than in other months, and this seasonality is mostly due to price increases.
This can matter for monetary transmission if the seasonal synchronization of price
changes makes them react more to aggregate shocks. Second, the repricing rate is
also mildly cyclical: compared to 2013, it was around 1 pp higher in 2008-2009
and 1 pp lower in 2014-2017. If we decompose monthly inflation variation into
variation in the frequency and variation in the size of price changes, we find that
variation in the overall average size of price changes contributes more to move-
ments in inflation than the variation in the overall frequency. When we look at price
increases and price decreases separately, we find that changes in the overall size are
mainly driven by the relative share of price increases among all price changes rather
than by the average absolute sizes of price increases and price decreases. A similar
picture emerges if we look at the response of inflation to different aggregate shocks
(monetary policy, oil supply, VAT changes, real demand shocks): firms respond to
shocks by adjusting the overall size of price changes rather than their overall fre-
quency, generating more frequent price increases and less frequent price decreases
in response to a positive shock, whereas the average absolute size of price increases
and decreases are not affected by the shocks. Overall, aggregate shocks are trans-
mitted via slow movements in the relative share of price increases and decreases.
Taken together, these findings are consistent with the predictions of a standard Calvo
model and a menu cost model in a low-inflation regime where aggregate shocks play
a limited role compared to idiosyncratic shocks.
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