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Introduction

▶ Textbook monetary economics: inflation fundamentally driven by aggregate factors

▶ No role for individual firms in aggregate inflation

▶ Granular fluctuations: firm-level idiosyncratic shocks can have aggregate effects if
distribution of firms’ size is fat tailed (Gabaix, 2011).

This paper: Do individual (granular) firms play a role in aggregate inflation?
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This paper

▶ A multi-country barcode-level homescan data with information on (i) product category;
(ii) firm; (iii) (sometimes) retailer

▶ Decomposition of aggregate inflation into multiple granular residuals

▶ Results:
▶ Inflation is 60% granular in low-inflation environments
▶ Firm granular residual is most important (40%); just top 10 firms: 25%

▶ Mostly truly idiosyncratic shocks rather than more elastic responses to common shocks
▶ More important in more concentrated markets

▶ Concentrated retailers also lead to granularities (∼ 15%)
▶ Granularities contributed to post-2020 inflation spike
▶ Aggregate component more responsive to monetary policy shocks
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Literature

Granularities shown to be important for

▶ Aggregate GDP/productivity: Gabaix (2011), Acemoglu et al (2012), di Giovanni et al. (2014),
Carvalho and Grassi (2019)

▶ International macro and trade: di Giovanni and Levchenko (2012), di Giovanni et al. (2018),
di Giovanni et al. (2024), Gaubert and Itskhoki (2021), Koomen and Wicht (2024)

▶ Government policies: Gaubert et al. (2021), Cox et al (2020)

▶ Banking: Amiti and Weinstein (2018), Bremus et al (2018), Glaasen et al (2021)

Price setting in multiproduct firms:

▶ price adjustments are strongly synchronized within firms (e.g. Midrigan, 2011; Bhattarai and
Schoenle, 2014) or retailers (e.g. DellaVigna and Gentzkow, 2019; Bonomo et al., 2020;
Garcia-Lembergman, 2022). similar in our data at firm (retailer) level synchronization

Role of product market concentration & market power:

▶ Mongey (2021), Waugh and Mongey (2024)
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Data

Data source: Aimark Homescan Data

▶ track purchases households make in supermarkets and drugstores

▶ purchase date, retailer, barcode, price, units, category, firm

▶ 16 countries: AR, AT, BE, BR, CL, CN, DE, ES, FR, HU, MX, NL, RU, SE, UK, US

▶ 2005-2022, 2008-2022 for most countries (update missing for US, RU)
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Data

Aggregation to product-level inflation rates and weights

▶ product-level y-o-y price changes ∆pigfct for product i , in country c , category g , produced
by firm f (≈ 50 mn. observations), quarterly data

▶ aggregate quarterly (y-o-y) inflation in quarter t and country c :
∆pct =

∑
i wigfct−4∆pigfct , using product-level expenditure weights

↪→ Inflation is sample inflation (food, beverages, personal care items,...)

↪→ we focus on firms [ ] not brands [ ,...]
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Data – descriptive statistics

(1) (2) (3) (4) (5) (6) (7)
Transactions (in M) N of ∆pifgct Nf Ni Mean N f

i Median N f
i Years

AR 26.56 921,812 4,569 78,102 17 3 2011-2022
AT 31.78 1,374,433 4,849 150,993 25 3 2008-2022
BE 65.37 2,480,869 12,609 283,097 13 2 2008-2022
BR 84.95 1,451,640 13,443 129,769 7 2 2011-2022
CL 20.49 434,586 1,532 33,848 14 2 2012-2022
CN 99.50 4,178,845 93,372 598,409 5 1 2011-2022
DE 461.33 6,830,261 11,033 550,728 10 3 2005-2022
ES 127.29 3,509,722 14,870 306,100 8 2 2007-2022
FR 208.39 5,521,899 6,735 412,010 19 2 2008-2022
HU 13.70 834,542 3,798 95,691 9 3 2010-2022
MX 111.95 963,009 4,511 78,546 10 2 2011-2022
NL 194.58 3,287,757 10,867 357,903 11 2 2008-2022
RU 70.93 1,994,980 13,235 261,599 15 4 2011-2020
SE 25.84 958,897 3,622 84,256 10 2 2006-2022
UK 684.31 5,191,847 6,664 378,200 44 3 2005-2022
US 643.13 12,638,612 36,548 1,181,172 23 3 2010-2020

Total 2,870.09 52,573,711 213,052 4,594,606 22 2 2005-2022
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Data - compared to official data (Germany)

Category inflation computed from our data comoves closely with official statistics (Eurostat):
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Data - compared to official data (all countries)
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Data - Firm size distribution

High concentration of expenditures in a few large firms
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↪→ US (Germany): 10 largest firms cover 31%
(44%) of expenditures

↪→ top 1% of firms have an average market
share of 78% across countries
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Warmup: simple granular residual

Aggregate inflation in country c and quarter t

∆pct =
∑
i

wifgct−4∆pifgct

Simple granular residual decomposition:

∆pct =
1

Ni∈ct

∑
i

∆pifgct︸ ︷︷ ︸
Mct

+
∑
i

wifgct−4

(
∆pifgct −

1

Ni ′∈ct

∑
i ′

∆pi ′fgct

)
︸ ︷︷ ︸

Γct

where Ni∈c,t is the number products.
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Warmup: simple granular residual

“Model” for barcode-level price change:

∆pifgct = δct + εifgct ,

where 1
Ni∈c,t

∑
i δifgct = 0. Then,

∆pct =
1

Ni∈ct

∑
i

(δct + εifgct) +
∑
i

(
wifgct−4 −

1

Ni∈ct

)
(δct + εifgct)

= δct︸︷︷︸
Mct

+
∑
i

wifgct−4εifgct︸ ︷︷ ︸
Γct
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Decomposition - simple granular residual dynamics (Germany)

-.0
4

-.0
2

0
.0

2
.0

4
.0

6

2006q1 2007q1 2008q1 2009q1 2010q1 2011q1 2012q1 2013q1 2014q1 2015q1 2016q1 2017q1 2018q1 2019q1

Inflation Γt

Alvarez-Blaser, Auer, Lein, Levchenko 12/37



Decomposition - simple granular residual dynamics (Argentina)
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Granular layers methodology

Simple granular residual

↪→ Could reflect granular categories, firms, products, or retailers

Decompose inflation into different granular layers to better understand its granular origins.

↪→ Allow for firm, category, (and retail) granular layers

↪→ Allow for differential responsiveness of large firms (categories, retailers) to aggregate
factors
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Granular layers methodology

Decomposition steps:

i Product inflation depends on aggregate, firm, and category-specific components:

∆pifgct = δct + δfct + λfcη
f
ct + δgct + λgcη

g
ct + εifgct

ii Insert in ∆pct =
∑

i wifgsct−4∆pigfct :

∆pct = δct︸︷︷︸
Mct

+
∑
f

wfct−4(δfct + λfcη
f
ct)︸ ︷︷ ︸

Γf
ct

+
∑
g

wgct−4(δgct + λgcη
g
ct)︸ ︷︷ ︸

Γg
ct

= Mct + Γfct + Γgct

▶ Γfct and Γgct captures the granularities at the firm and category level
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Estimation

Steps for estimating δct and λdcη
d
ct , δdct for dimensions d = g , f :

i Estimate category×time, firm×time FEs: ∆pigfct = δ̂gct + δ̂fct + ε̂igfct

ii The aggregate component is then: δct =
1
Ng

∑
g δ̂gct +

1
Nf

∑
f δ̂fct

iii Define δ̃dct = δ̂dct − 1
Nd

∑
d δ̂dct for d = g , f so that the average category and firm

components are zero in each period.

iv Allow categories and firms different loadings on a latent aggregate component by
estimating a common factor using EMPCA: δ̃fct = λfcη

F
ct + δfct

▶ firms’ heterogeneous response to aggregate factor, λfcη
F
ct and residual δfct as firm-specific

component.
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Explanatory power at the micro level

Unweighted Weighted

Partial R2 Partial R2

Country Firm Category R2 Firm Category R2

Advanced Economies 0.058 0.009 0.077 0.080 0.038 0.146
Emerging Economies 0.085 0.007 0.126 0.122 0.028 0.213
All Countries 0.072 0.008 0.169 0.101 0.033 0.264
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Decomposition - granular residual dynamics (Germany)
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Decomposition - granular residual dynamics (Argentina)
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Firm and country-level inflation - role of Γf (AEs)

Mean St. Dev Corr Var(∆pct) share

Advanced Economies (N. Obs = 457)

∆pct 0.84 1.63 1.00 1.00
Mct 0.53 1.19 0.60 0.44
Γfct 0.19 0.96 0.67 0.41∑

f wfct−4δfct 0.17 0.91 0.60 0.35∑
f wfct−4λfcη

F
ct 0.02 0.37 0.27 0.07

Γf ∈top10fct 0.12 0.63 0.66 0.26

Γf /∈top10fct 0.06 0.49 0.47 0.15

Γgct 0.12 0.66 0.40 0.15∑
g wgct−4δgct 0.08 0.56 0.23 0.09∑
g wgct−4λgcη

G
ct 0.04 0.35 0.39 0.06
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Firm and country-level inflation - role of Γf (EMs)

Mean St. Dev Corr Var(∆pct) share

Emerging Economies (N. Obs = 252)

∆pct 6.69 10.06 1.00 1.00
Mct 6.00 9.99 0.60 0.80
Γfct 0.66 1.39 0.67 0.20∑

f wfct−4δfct 0.69 1.35 0.60 0.20∑
f wfct−4λfcη

F
ct -0.03 0.36 0.27 0.00

Γf ∈top10fct 0.33 0.89 0.66 0.10

Γf /∈top10fct 0.33 0.72 0.47 0.10

Γgct 0.03 0.92 0.40 0.00∑
g wgct−4δgct 0.01 0.86 0.23 0.00∑
g wgct−4λgcη

G
ct -0.01 0.37 0.39 -0.01
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Decomposition - granularity and market concentration
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Decomposition - granularity and inflation rate
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The role of granular retailers

▶ We also examine the role of large retailers by estimating with the same procedure a
retailer component

↪→ smaller sample of products as one observation is a product-retailer-country combination
rather than a product-country combination (and some retailer info was missing)
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Decomposition - granular residual dynamics with retailers (Germany)
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Decomposition - granular residual dynamics with retailers (Argentina)
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Firm and country-level inflation - role of Γf and Γs (AEs)

Mean St. Dev Corr Var(∆pct) share

Advanced Economies (N. Obs = 457)

∆pct 1.05 1.72 1.00 1.00
Mct 0.40 1.49 0.35 0.32
Γfct 0.09 0.91 0.63 0.36∑

f wfct−4δfct 0.09 0.86 0.56 0.28∑
f wfct−4λfcη

F
ct -0.00 0.33 0.30 0.07

Γgct 0.16 0.64 0.47 0.16∑
g wgct−4δgct 0.13 0.54 0.31 0.09∑
g wgct−4λgcη

G
ct 0.03 0.32 0.41 0.07

Γsct 0.41 1.16 0.27 0.17∑
s wsct−4δsct 0.42 1.12 0.28 0.17∑
s wsct−4λscη

S
ct -0.01 0.33 0.01 0.00

Γsct − wsct−4δs=other ,ct 0.41 1.15 0.28 0.17
wsct−4δs=other ,ct -0.00 0.04 -0.22 -0.00
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Firm and country-level inflation - role of Γf and Γs (EMs)

Mean St. Dev Corr Var(∆pct) share

Emerging Economies (N. Obs = 252)

∆pct 6.44 9.31 1.00 1.00
Mct 5.24 8.91 0.35 0.71
Γfct 0.60 1.30 0.63 0.14∑

f wfct−4δfct 0.64 1.28 0.56 0.16∑
f wfct−4λfcη

F
ct -0.04 0.38 0.30 -0.03

Γgct 0.06 0.88 0.47 0.01∑
g wgct−4δgct 0.06 0.80 0.31 0.04∑
g wgct−4λgcη

G
ct -0.01 0.38 0.41 -0.02

Γsct 0.54 1.41 0.27 0.14∑
s wsct−4δsct 0.55 1.39 0.28 0.14∑
s wsct−4λscη

S
ct -0.00 0.38 0.01 0.00

Γsct − wsct−4δs=other ,ct 0.39 0.97 0.28 0.09
wsct−4δs=other ,ct 0.16 0.84 -0.22 0.05
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Granularities during the post-Covid inflation surge (Germany)
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Granularities during the post-Covid inflation surge (AE)

2008-2020 2021-2022

Mean Share of ∆p̄ct Mean Share of ∆p̄ct

Advanced Economies (N. Obs = 521)

∆pct 0.84 1.00 3.91 1.00
Mct 0.53 0.63 1.62 0.41
Γfct 0.19 0.22 1.47 0.38∑

f wfct−4δfct 0.17 0.20 1.06 0.27∑
f wfct−4λfcη

f
ct 0.02 0.02 0.41 0.10

Γf ∈top10fct 0.12 0.15 1.04 0.27

Γf /∈top10fct 0.06 0.07 0.43 0.11

Γgct 0.12 0.14 0.82 0.21∑
g wgct−4δgct 0.08 0.10 0.49 0.12∑
g wgct−4λgcη

g
ct 0.04 0.04 0.33 0.09
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Granularities during the Post-Covid inflation surge (EM)

2008-2020 2021-2022

Mean Share of ∆p̄ct Mean Share of ∆p̄ct

Emerging Economies (N. Obs = 300)

∆pct 6.69 1.00 10.56 1.00
Mct 6.00 0.90 8.98 0.85
Γfct 0.66 0.10 1.13 0.11∑

f wfct−4δfct 0.69 0.10 0.96 0.09∑
f wfct−4λfcη

f
ct -0.03 -0.01 0.18 0.02

Γf ∈top10fct 0.33 0.05 0.64 0.06

Γf /∈top10fct 0.33 0.05 0.49 0.05

Γgct 0.03 0.00 0.45 0.04∑
g wgct−4δgct 0.01 0.00 0.43 0.04∑
g wgct−4λgcη

g
ct -0.01 -0.00 0.01 0.00
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Implications for monetary policy transmission

How do large firms shape the transmission of monetary policy to aggregate inflation?

Local projections on inflation contributions (Aruoba and Drechsel, 2024). For
component i ∈ { C (M), C (Γf ), C (Γg ) } and horizon h:

log it+h = αh + βh ε̂
m
t + γhXt + δh log it−1 + uht+h.

Shocks and controls.

▶ Monetary policy shocks: Jarociński & Karadi (2020) for EA and US.

▶ Controls (by country): unemployment, industrial production, NEER, policy rate, stock
index.
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Implications for monetary policy transmission
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Taking stock

▶ Distribution of firm size (market shares) is right skewed in retail sector

↪→ 30-60% expenditures go to 10 firms

▶ Granular residuals contribute to aggregate inflation

↪→ ∼40% of the variance in retail inflation can be explained by Γfct in AE, and ∼20% in EME

↪→ Market concentration and inflation environment drive cross-country differences

▶ Granularity (most) important at the layer of firms

↪→ an additional ∼20% of the variance in retail inflation can be explained by Γgct in AE

↪→ ∼15% of the variance in retail inflation can be explained by Γsct in AE

▶ Granularity contributed substantially to post-COVID inflation spike, especially in AE

▶ Granularity slows down transmission of monetary policy
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4. APPENDIX: Syncronization of prices

5. APPENDIX: Pricing equation
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Synchronization of price adjustments within f , s, g

i Do products from the same firm or retailer have synchronized price adjustments?

ii Estimate multinomial logit similar to the one used in Bhattarai and Schoenle (2014):

Pr(Yigmst = 1, 0,−1|Xigfst = χ) = ϕ(βXigfst)

where Yigmst is an indicator for positive, no, or negative modal Q-on-Q price adjustment.

iii Xigmst includes the share of same-signed price changes within the same f , s and g and
control variables

iv We set as base category no change and weight each product with expenditure weights

Alvarez-Blaser, Auer, Lein, Levchenko 1/37



Synchronization of price adjustments within f , s, g – marginal effects

ME in pp. of ±1/2Std .Dev . change around the mean on the probability of a Q-o-Q price change:

Positive change Negative change

g f s g f s Obs

AR 5.24 6.52 6.35 0.43 2.74 3.91 926,569
AT 4.42 4.33 3.05 3.84 3.16 3.03 2,685,373
BE 3.65 7.39 3.93 3.84 3.77 4.81 3,572,527
BR 3.19 2.69 2.82 2.55 2.18 3.38 3,345,732
CN 2.29 3.37 4.46 1.94 2.68 4.68 5,789,515
DE 5.46 2.84 0.91 5.94 4.67 0.40 13,003,922
ES 3.85 5.96 3.56 2.76 4.03 5.79 6,484,983
FR 3.28 4.40 4.05 0.37 6.58 4.77 11,510,012
MX 2.55 4.69 2.04 3.64 3.27 2.65 2,811,364
NL 4.20 6.38 0.24 2.64 5.84 1.92 7,433,293
RU 4.35 4.47 5.45 4.60 3.49 3.95 3,959,745
SE 4.79 4.03 1.70 4.85 2.95 1.12 2,285,503
UK 5.28 4.25 2.20 3.27 3.71 1.42 9,741,835
US 3.77 3.88 7.40 2.40 2.44 8.81 45,738,693

↪→ In the US if the fraction of positive price changes of products from the same firm increases by one
SD around its mean, the probability of a positive price change increases by 3.88 pp. Take me back

Alvarez-Blaser, Auer, Lein, Levchenko 2/37



General pricing equation

Following Amiti et al. (2019), we start from the pricing equation of a firm f :

pft = mcft +Mf (pft ,p−ft ; ξt)),

where pft is the log price, mcft are the log marginal costs, and Mf is the log markup function
which depends on the own price pft , the vector of competitors prices p−ft and the vector of
demand shocks of all firms ξt .
Taking the total derivative we get

∆pft =
1

1 + Γft
∆mcft +

Γ−ft

1 + Γft
∆p−ft +

1

1 + Γft

N∑
j=1

∂Mf (pft ; ξt)

∂ξjt
∆ξjt ,︸ ︷︷ ︸

εft effective demand shock

(1)

where j indexes firm f ’s competitors, ∆p−ft is the Laspeyres price index of the competitors’

price changes, Γft ≡ −∂Mf (pft ,p−ft ;ξt)
∂pft

and Γ−ft ≡
∑

j ̸=f
∂Mf (pft ,p−ft ;ξt)

∂pjt
.
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General pricing equation

Using the assumptions in Amiti et al. (2019), ∆p−ft =
∑

j ̸=f
Sjt

1−Sft
∆pjt and Γft = Γ−ft ,

aggregating to ∆pt , replacing ∆p−ft , and solving yields

∆pft =
1

1 + Γ̃ft
∆mcft +

Γ̃−ft

1 + Γ̃ft

1∑N
j=1

Sjt
1+Γ̃jt

N∑
j=1

[
Sjt

1 + Γ̃jt
∆mcjt + Sjt ε̃jt

]
+ ε̃ft (2)

with Γ̃ft ≡ Γft
1−Sft

and ε̃jt ≡ 1

1+
Sjt Γ̃jt
1+Γjt

εjt .

Note that under Cournot competition and nested CES demand, with between- and
within-industry elasticities of substitution ρ and η, the elasticities are:

Γft = Γ−ft =
(ρ− 1)Sft

1 + ρ(η−1)
(ρ−η)(1−Sft)

. (3)

Small firms (Sit → 0) only react to own marginal costs while bigger firms also react strongly to
competitors’ shocks and less to own costs.
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General pricing equation

Assuming ∆mcft = δt + λf ηt + δft (marginal costs have a common component δt , differential
sensitivity to aggregate shocks λf ηt , and an own idiosyncratic shock δit), we can rewrite the
pricing equation as:

∆pft = δt +

 1

1 + Γ̃it
λf +

Γ̃−ft

1 + Γ̃ft

1∑N
j=1

Sjt
1+Γ̃jt

N∑
j=1

[
Sjt

1 + Γ̃jt
λj

] ηt

+
Γ̃−ft

1 + Γ̃ft

1∑N
j=1

Sjt
1+Γ̃jt

N∑
j=1

[
Sjt

1 + Γ̃jt
δjt

]
︸ ︷︷ ︸

η2,t

+
Γ̃−ft

1 + Γ̃ft

1∑N
j=1

Sjt
1+Γ̃jt

N∑
j=1

[Sjt ε̃jt ]︸ ︷︷ ︸
η3,t

+
1

1 + Γ̃ft
δft + ε̃ft .
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