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Abstract

We study how the interaction of market power and nominal price rigidity influences inflation
dynamics. We formulate a tractable model of oligopolistic competition and sticky prices and
derive closed-form expressions for the pass-through of idiosyncratic and common cost
shocks to firms' prices. Using unpublished micro data for Canadian wholesale firms, we
estimate that the pass-through of idiosyncratic costs is incomplete at 70% and independent
of the degree of sector-price-stickiness. The pass-through of common costs declines with
price stickiness, from nearly complete in flexible-price sectors to below 70% in sectors with
the stickiest prices. An increase in the degree of sector or firm market power reduces the
pass-through of both types of cost shocks. These estimates imply a degree of strategic
complementarity that lowers the slope of the New Keynesian Phillips curve by 30% in a one-

sector model and by 74% in a multi-sector model.

Topics: Firm dynamics, Inflation and prices; Market structure and pricing; Monetary policy
transmission
JEL codes: D43, E31, L13, L81

Résumé

Nous étudions comment l'interaction entre le pouvoir de marché et la rigidité des prix
nominaux influe sur la dynamique de I'inflation. Nous élaborons un modéle maniable a
concurrence oligopolistique et a prix rigides, et dérivons des équations de forme fermée pour
évaluer le degré de répercussion des chocs de co(ts idiosyncrasiques et des chocs de colts
communs sur les prix affichés par les entreprises. En utilisant des microdonnées non publiées
concernant des grossistes canadiens, nous estimons que les co(ts idiosyncrasiques se
répercutent a hauteur de 70 % — c'est-a-dire pas complétement — et déterminons que cette
transmission des variations de co(ts ne dépend pas du degré de rigidité des prix sectoriels.
Par ailleurs, plus les prix sont rigides, moins les colits communs se répercutent. En effet, dans
les secteurs ou les prix ne sont pas rigides, ces variations de colts se répercutent presque
entierement sur les prix, tandis que dans les secteurs ou les prix sont les plus rigides, elles se
répercutent dans une proportion inférieure a 70 %. Une augmentation du pouvoir de marché
d’'une entreprise ou au sein d'un secteur fait baisser le degré de répercussion des deux types
de chocs de colts. Ces estimations impliquent une certaine complémentarité stratégique qui
fait baisser la pente de la courbe de Phillips des nouveaux keynésiens, de 30 % dans un
modele monosectoriel et de 74 % dans un modéle multisectoriel.

Sujets : Dynamique des entreprises; Inflation et prix; Structure de marché et établissement des
prix; Transmission de la politique monétaire
Codes JEL : D43, E31, L13, L81



1 Introduction

How does market power influence inflation dynamics and the transmission of monetary policy or
exchange rate shocks? Standard New Keynesian models are not equipped to answer this question as
they assume monopolistic competition among firms. Recent studies generalize the New Keynesian
model to competition among a finite number of competing firms (Mongey, 2021; Wang and Wern-
ing, 2022). They demonstrate how strategic pricing complementarities among oligopolistic firms
can dampen price adjustments and amplify real effects of monetary policy shocks. Although much
progress has been made in estimating the degree of strategic complementarities in price setting
across firms, empirical studies have relied on frameworks based on models with monopolistic com-
petition (Gopinath and Itskhoki, 2010) or oligopolistic frameworks without nominal price rigidity
(Auer and Schoenle, 2016; Amiti, Itskhoki and Konings, 2019). It is therefore an open empirical
question how nominal rigidities and market power in oligopolistic markets jointly influence inflation
dynamics.

In this paper, we answer this question by estimating the effects of nominal price rigidities and
market power on pricing decisions of oligopolistically competitive wholesale trade firms. We for-
mulate a tractable model of oligopolistic competition and sticky prices, and derive closed-form
expressions for the pass-through of idiosyncratic and common cost shocks to firm markups. We
then estimate how pass-through varies with measures of price stickiness and market power across
and within sectors using detailed micro data for Canadian wholesale firms. We find strong evi-
dence of the role of both price stickiness and market power in cost pass-through. Pass-through of
idiosyncratic shocks is incomplete at 70% and independent of the degree of sector price stickiness.
Common cost pass-through declines with price stickiness: from nearly complete in flexible-price
sectors to below 70% in sectors with the stickiest prices. Higher degrees of sector or firm mar-
ket power lower the pass-through of each type of cost shock. These estimates imply a degree of
strategic complementarity that lowers the slope of the New Keynesian Phillips curve by 30% in the

one-sector model and by 74% in the multi-sector model.



While our model builds on recent literature of aggregated models with oligopolistic markets,"
we make additional assumptions that capture the key features of pricing behaviour of wholesale
firms, which enable derivation of the closed-form pricing condition. Oligopolistic wholesalers (or
distributors) buy a differentiated input good from suppliers and distribute it to final producers.
The distributor’s price and cost (i.e., the supplier’s price) are sticky as in Calvo (1983), and their
adjustments are perfectly synchronized, which we show is largely the case in the data. We derive
a closed-form condition for adjustment in the distributor reset price as the sum of two terms: the
pass-through of the idiosyncratic cost component and the pass-through of the common cost for all
distributors in the sector.

The key prediction of the model is that price stickiness and market power jointly and differ-
entially influence pass-through. In an oligopoly with flexible prices, firms adjust their markups in
response to idiosyncratic cost changes to prevent their price from deviating too far from the prices
of competitors. Since the common cost shock influences all prices equally, there is no incentive for
adjusting the markup. However, as sector prices become less flexible, common cost pass-through
decreases, while idiosyncratic cost pass-through remains unaffected. Intuitively, knowing that after
a common cost shock some competitors do not adjust their prices incentivizes the adjusting firm
to temper its price changes by absorbing part of the cost shock into its markup. By contrast,
idiosyncratic cost pass-through does not depend on the composition of adjusters and non-adjusters
among competitors, and therefore it does not depend on price stickiness in the sector. On the
flip side, if we hold the degree of price stickiness constant, increases in market power within an
oligopoly decrease pass-through of both idiosyncratic and common cost shocks.

We test these predictions using unpublished price micro data from Canadian wholesalers used by
Statistics Canada to produce the Wholesale Services Price Index (WSPI). The monthly data track
about 14,000 individual products from 1,800 wholesale firms between January 2013 and December

2019. We assign “sectors” according to either the 4-digit North American Industry Classification

! As in Wang and Werning (2022), we have Calvo sticky prices under dynamic oligopolistic competition and, like
Mongey (2021), we derive expressions for pass-through of both idiosyncratic and common shocks. Under flexible
prices, our model nests static models of oligopolistic competition in Atkeson and Burstein (2008), Edmond, Midrigan
and Xu (2015), and Amiti, Itskhoki and Konings (2019). Our model contributes to the growing literature that
incorporates oligoplistic competition into macro models: Neiman (2011); Burstein, Carvalho and Grassi (2020);
Baqgaee, Farhi and Sangani (2021); Fujiwara and Matsuyama (2022); Héynck, Li and Zhang (2022); Alvarez, Lippi
and Souganidis (2023); Ueda (2023); Ueda and Watanabe (2023).



System (NAICS4) or the 7-digit North American Product Classification System (NAPCS7). The
distinguishing feature of the dataset is that for each wholesaler it provides the price at which it
buys its products from suppliers (“purchase” price) and the price for which it sells these products
to manufacturers or retailers (“selling” price). This allows us to construct accurate measures of
nominal price rigidity for wholesalers’ prices and costs. The ratio of selling to purchase price—
the distributor’s product margin—provides a direct measure of price markup, which is a standard
measure of market power. We document substantial variation in measures of price stickiness and
market power across and within sectors.

We first decompose the purchase price changes faced by wholesalers into common and idiosyn-
cratic cost shocks. The common cost shocks are derived by regressing monthly changes of log
purchase prices on sector-month fixed effects, and the residuals define the idiosyncratic cost com-
ponent. We then estimate the pass-through of these shocks to wholesalers’ adjusted selling prices.
Our empirical specification offers several advantages for estimating the joint contribution of price
stickiness and market power to firm-product price adjustments: (1) it accounts for the effect of price
stickiness on the degree of pass-through at monthly frequency; (2) it incorporates the observed mar-
gin as a reliable measure of market power; (3) it demarcates pass-through of idiosyncratic versus
common cost shocks; and (4) it distinguishes price stickiness and market power for different levels
of aggregation.

In line with theory, the estimated idiosyncratic cost pass-through is independent of price stick-
iness at sector and firm levels, and there is only a weak negative relationship at the firm-product
level. On average, the pass-through of an idiosyncratic shock is about 70%, implying an underlying
degree of strategic complementarity of ¢ =~ 0.43. By contrast, the pass-through of the common
cost shock decreases with sector price stickiness, as our theory predicts. For a sector with flexi-
ble prices, the pass-through is close to 1, consistent with findings in Amiti, Itskhoki and Konings
(2019). As sector price stickiness rises, the pass-through declines quickly: for each additional 10
percentage point fall in price flexibility, the common cost pass-through falls by 10 percentage points
for NAICS4 industries and 3 percentage points for NAPCS7 products. These results are mostly
driven by sector-level price stickiness rather than by firm or product stickiness. Finally, a higher

degree of sector or firm market power lowers the pass-through of both types of cost shocks.



These findings have important implications for inflation dynamics. Under oligopolistic compe-
tition, the slope of the New Keynesian Phillips curve (NKPC) in the one-sector model is reduced
by a factor ﬁ relative to the slope under monopolistic competition. At the level of strategic
complementarity implied by the estimated idiosyncratic cost pass-through, ¢ = 0.43, the slope of
NKPC is reduced by 30%. This degree of strategic complementarity is substantial. For example,
if markups were to increase by 10 percentage points over the next decade—the decennial rate of
increase in market power over the last four decades documented in De Loecker, Eeckhout and Unger
(2020)—the NKPC would flatten by an additional 12%.

When market power and nominal price rigidity vary across sectors, there is an additional flat-
tening of the aggregate NKPC. The slope of the NKPC in the multi-sector model that matches
heterogeneity in price stickiness and strategic complementarity is only one-fourth of the slope in the
standard one-sector model without real rigidities. The additional amplification in the multi-sector
model is due to the interaction of heterogeneity in price stickiness and strategic complementarity
across firms and sectors (Carvalho, 2006; Nakamura and Steinsson, 2010). Right after a monetary
shock, the aggregate price response is mostly driven by price adjustments in flexible-price sectors.
As time passes, the distribution of price adjustments shifts toward sticky-price sectors, slowing the
aggregate price response. We point out a novel dimension of this interaction mechanism, which
stems from the positive correlation of nominal price rigidity and strategic complementarity across
sectors that we observe in the data. Overall, our empirical estimates imply that the joint variation
of price stickiness and market power across sectors more than doubles the propagation of nominal
shocks obtained in models with identical sectors.

The contributions of this paper lie at an intersection of theoretical studies of how strategic
interactions in oligopolistic markets influence inflation dynamics and empirical studies that aim to
estimate the degree of strategic complementarities in the data. We build on insights from the first
literature to develop a tractable model of oligopolistic competition in the wholesale sector, which
gives testable predictions for how distributors’ costs pass through to their prices. While recent pa-
pers (Mongey, 2021; Wang and Werning, 2022) have highlighted some possible mechanisms linking

strategic complementarity with the transmission of aggregate shocks, direct empirical evidence on

these mechanisms remains scarce. Our paper takes advantage of the unique features of wholesale



price data to estimate the combined effects of nominal price rigidity and market power on micro
price adjustments, both across firm-products within a sector and across sectors. Qur empirical ev-
idence supports conclusions in this literature that models with a reasonable degree of oligopolistic
competition provide significant amplification of the effects of nominal rigidities in standard New
Keynesian models.?

In the context of the empirical literature, our framework generalizes two existing approaches.
First, it extends flexible-price approaches to a setting with variation in the degree of nominal price
rigidity across sectors. Amiti, Itskhoki and Konings (2019) estimate strategic complementarity
under flexible prices where an instrumental variable is needed to generate exogenous movements in
competitor prices. We do not use competitors’ prices since only some of them adjust in response
to shocks. Instead, we leverage our data and use cost measures to estimate the pass-through of
cost shocks directly, avoiding the need to address endogeneity of competitors’ prices to underlying
costs. Second, our framework generalizes monopolistically competitive sticky-price approaches to
an oligopolistic environment with variation in the degree of market power across sectors. Gopinath
and Itskhoki (2010) find that goods with higher frequency of price adjustments in the US import
price micro data tend to have higher long-run exchange rate pass-through. They argue that mo-
nopolistically competitive sticky price models with variable markups and imported intermediate
inputs can generate this relationship. Our empirical evidence highlights variation in market power
as a key missing factor in the transmission of nominal shocks to the economy.

The paper proceeds as follows. Section 2 outlines the general equilibrium model with sectors
of oligopolistically competitive distributors and derives the closed-form solution for optimal pass-
through of distributors’ supply costs to their adjusted prices. Section 3 summarizes the Canadian
wholesale price micro data. Section 4 explains the decomposition of distributors’ cost changes into

idiosyncratic and common components, lays out our estimation method, and reports estimation

20ur paper also connects to a broader macro literature that emphasizes the role of the distribution margin
in the transmission of domestic or international shocks (see, e.g., Burstein, Neves and Rebelo (2003); Burstein,
Eichenbaum and Rebelo (2005); Corsetti and Dedola (2005); Goldberg and Campa (2010); Nakamura and Zerom
(2010); Eichenbaum, Jaimovich and Rebelo (2011); Gopinath, Gourinchas, Hsieh and Li (2011); Gopinath and Itskhoki
(2011); Goldberg and Hellerstein (2012); Berger, Faust, Rogers and Steverson (2012)). Our paper also relates to
Ganapati (2024), which provides an in-depth study of the US wholesale sector using detailed administrative data.
Ganapati (2024) documents that the share of manufactured goods distributed by wholesale firms has increased over
time, representing roughly half of all goods by 2012, and that the sector exhibits clear patterns of firm heterogeneity
and concentration.



results. Section 5 distills the implications of the empirical estimates for inflation dynamics. Section

6 concludes.

2 Model with oligopolistic markets and sticky prices

This section outlines the model with oligopolistically competitive heterogeneous distributors.
We derive a closed-form solution for optimal price adjustments by distributors that depend on
changes in their own supply costs and costs of competitors. The pass-through of own-cost change
is incomplete due to strategic pricing complementarity arising endogenously under oligopolistic
competition. The pass-through of the common component of sector supply cost is higher than the
idiosyncratic cost pass-through, but it decreases with the degree of price stickiness in the sector.
The degree of pass-through of both idiosyncratic and common cost shocks is decreasing in market
power. We estimate these relationships in Section 4 using Canadian wholesale trade price micro
data introduced in Section 3. In this section, we lay out key assumptions and features of the model.

We relegate remaining details to Appendix B.

2.1 Model outline

Households. There are infinitely many identical households who derive utility from consuming
a basket of J final goods ¢, j = 1,...,J, and disutility from working, at wage W;. We assume unit
elasticity of substitution between sectors in aggregate consumption ¢; = [] j cjo-‘tj ,  with >~ 0y =
1. Households with discount factor S hold cash My, government bonds B; returning risk-free rate
R, pay lump-sum taxes T}, and obtain dividends II;.

Each household maximizes their lifetime utility

Eozﬂt (lnct — lt),
t=0

subject to the sequence of budget constraints

J
M+ By < Wiy + Re—1By—1 + My — Z Pji_qcjp—1 + 1L + T}
j=1



and the sequence of cash-in-advance constraints for consumption spending
J
Z Pthjt < Mt.
j=1
Optimal consumption shares are constant:

Pjicji

= o 1
Pt ¢ 27 ( )

where P, denotes the price of the bundle ¢;.
Assuming the interest rate never binds at zero, the cash-in-advance constraint is always binding,

and we obtain two standard first-order conditions. Total consumption is characterized by the Euler

equation:
P,
1 = BRE, {tct]
Piyicin
and the optimal labour supply satisfies
Wt == PtCt == Mt. (2)

The production sector consists of global producers who supply differentiated inputs to oligopolis-
tically competitive distributors, which are then aggregated into sector outputs. As is standard in
the literature, assumptions of log-linear utility and the Cobb-Douglas consumption aggregator lead
to conditions (1) and (2) and allow us to analyze price dynamics in a sector independently from
prices in other sectors.

Sector output and prices. The output in each sector, cj;, is aggregated over goods supplied
by a limited number of distributors using a constant elasticity of substitution (CES) technology:

N; @D
J 6—1

cjt = Z (cijt) = ; 3)

i=1

where N; is the number of distributors in sector j, 6 is the within-sector elasticity of substitution,



cijt is the demand for distributor i’s output from the consumer’s optimization problem,

P\ "? P
Cijt = Q5 <Pljt> PT'tCt’ (4)

and Pj; is the price index for sector j:

1
N; o N; 0
_ (%) 1-6
Py = g <Pz'jtcl ) = g (Pijt)
i=1 Jt i—1

Distributors. Distributor 7 in sector j purchases input good y;;; from the producer of good ¢
at price Q;j¢, which is taken as given. The distributor uses linear technology to produce ¢;;; units

of the good:

Cijt = Yijt-

The distributor’s marginal cost is equal to the supplier’s price, Q;jt.

Distributors’ prices are sticky, where each period only a fraction 1 — \; of firms are able to
change their prices, assigned according to a Poisson process as in Calvo (1983). Similar to Mongey
(2021), we assume that in period ¢ an adjusting firm observes marginal cost realizations for all
firms, but it does not observe Calvo adjustment signals of other firms until later in the period. All
adjustments are simultaneous so that no firm can respond to the new price chosen by another firm.
Under these assumptions, all adjusting firms have the same information for adjusting their prices
and, therefore, they form identical expectations of current and future period variables.

For the distributor adjusting its price in period ¢, the optimal reset price is

By 32700 (BA) VijttrtCijtvr
Er >0 (BN (Vijisrt — Vijirrt/Qijirr

()

Pijiy =

where the second time subscript denotes the period of the last price adjustment; E;¥;js4-¢ is the



expected effective demand elasticity facing this distributor at ¢ + 7 under Cournot competition,?

1 —1
Ee9ijtyre = Ey [(1 — Sijitrt) + Sijt+f,t] (6)

0

and E;s;j14+¢ is the expected market share of distributor ¢ in period t + 7 at ¢:

Etsijiire = Ey [W%HT] = [E; (7)

Pjtyrciiir

(Pz‘jt+7)1_9 ]
S (Pgeer)' ]
We emphasize that (6) and (7) hold in expectations because the actual realizations of effective
demand elasticity and market share are influenced by the realizations of the Calvo signal in the
finite population of distributors. As we explain below, the optimal reset price depends only on
expected values of current and future variables in (5), and therefore variation in the realized fraction
of adjusting prices has no effect on adjusting prices.

Producers. Varieties are supplied to distributors by producers competing in monopolistically
competitive global markets. We assume a producer’s price, @;j¢, is sticky, changing according to a
Poisson process with probability 1 —)\5-’ : when the price adjusts, the producer resets it to Q;j; = fjt,
equal to the constant markup over its marginal cost, otherwise the price remains equal to the last

period’s price, Q;j¢—1.

2.2 Derivation of the closed form for distributor’s price changes

There are three challenges to solving (5) in closed form. First, the adjusting firm needs to take
into account the effect of its price on the price of its competitors and vice versa. Second, it needs
to form expectations about the dynamic path of the sector price. Third, ex-post realizations of
the Calvo signal across competitors introduce variations in the fraction of adjusters and influence
realized sector and aggregate prices.

Strategic pricing complementarity. Under log-linear approximation of (6) and (7), the

Vijetrt

deviation of the firm’s expected markup E¢pije = Et T from the steady state decreases with
WYLTT,

3Under Bertrand competition, Dijtrrt = Be [0(1 — Sijetrt) + Sije+rt]. Appendix B also provides the results under
Bertrand competition.
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the deviation of the firm’s price from the expected sector price:
Eiflijtvrt = KijEeSijiare = —kij (0 — 1) | Pijet — EePjegr| (8)

where hatted variables represent log-linear deviations of corresponding variables from steady state,

and k;j = fi-j is the (steady-state) markup elasticity with respect to changes in the expected
market share under Cournot competition.

Equation (8) shows that firms have an incentive to keep their markup low as their price is pushed
above the sector average price, known as strategic pricing complementarity.* It arises endogenously

in oligopolistic markets, and its strength is governed by ¢;;:

Sij
SOijEHij(e—l): 1_]8”(0—1). (9)
ij

Pricing complementarity is stronger with market power, i.e., ¢;; is increasing in firm ’s market
share, s;j;. As demonstrated in Wang and Werning (2022), ¢;; plays a key role in the analysis of
micro and macro price dynamics under oligopolistic competition. As we show in Section 4, one
can estimate (;; from the responses of the distributors’ prices to idiosyncratic and common cost
shocks.

Plugging (8) in the log-linearized pricing equation (5) and rearranging yields the reset price as

the sum of its expected costs and expected sector prices:

~ 1-8) & ~ ~
Pijee = 17 g > (BN EQijerrs + i Be Per). (10)
Y =0

Expected sector prices. The average reset price in period ¢ is Etﬁjt,t =E >, sijﬁijt’t, which

after using (10) becomes

Y/ r=0

~ — BN & ~ ~
EiPjs = Z {Si_jm Z(ﬁ)\)T[EtQZjHT,t + SOz‘jEtPjt+r]} : (11)

1See, e.g., Kimball (1995), Atkeson and Burstein (2008), Nakamura and Steinsson (2013).
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Under Calvo pricing, the expected sector price can be written as follows:

EtﬁjtJrT =K, Z Sijt+‘rﬁijt+r (12)
B
= (1= NE; Z Sijttr Pijtrer + NE; Z Sijtrr Pijtrr_1 (13)
i i
~(1- )\)EtﬁjtJrT,tJm— + )\Etﬁjt+7717 (14)

where the first equality is the definition of sector price, the second equality follows from Calvo
pricing, and the third approximate equality follows from the fact that the effects of time variation

in market shares Si5t on sector price Pjt are at most second order.?

~

Combining (11) and (14) gives the equation for expected sector inflation E;7j; = E¢(P; —ISjt_l):

N (I=8N(1 =X ~ ~ ~
Ei7je = Z Sij = A+ o0 Ei(Qijtt — Pjt) + BET 41 (15)

Given expected cost processes {Et@ijt+77t}?_0:0, equation (15) fully characterizes the dynamics of
expected sector prices {Etﬁjpﬂ}?‘;o. Note that (15) is the sectoral New Keynesian Phillips curve
(in expectations). We use this NKPC relationship in Section 5, where we discuss implications of the
estimated degree of strategic interaction and market power for sector and aggregate price dynamics.

Granular variation in price adjustments. Although the probability of price changes is
constant due to Calvo pricing, the realized fraction of adjusting prices varies over time due to a
finite number of firms realizing the Calvo signal from the Poisson process. Variation in the fraction
of adjusting prices creates additional “granular” fluctuations in sector and aggregate prices.

Given the timing assumptions, the firm’s reset price in (10) depends on expected values of
current and future sector prices. As we show in Appendix B.1, these expected values do not
depend on variations in the realized fraction of price changes and are always the same for all firms.

Regarding aggregate price, we follow Wang and Werning (2022) and assume that the number of

SIntuitively, because market shares add up to 1, effects of market winners on sector price are approximately offset
by the effects of market losers, if their average prices are similar. To illustrate, consider a shock § that changes
firm 4’s market share by ds;(§) and price by dP;(d), and that prices are the same in steady state, P, = P. The
first-order effect of § on the weighted sum of prices is P, ds;(0) + >, s:dP(J). Since market shares must add to 1,
>, dsi(6) = 0 and variation in market share has at most a second-order effect on the weighted mean.

12



similar sectors is sufficiently large so that the variation in the sectoral fraction of adjusting prices
does not have a first-order effect on the aggregate price.’

Price synchronization. Our last assumption is that distributors and producers of the same
variety 4 face an identical Poisson process for price adjustments, i.e., distributor ¢’s price P;j;
changes if and only if producer i’s price Q);j; changes. This assumption is born out in the data: in
Section 3 we provide evidence that wholesale prices are indeed highly synchronized with producer

prices. Under this assumption, the distributor’s cost at any period over price duration is equal to

the cost at the last reset, i.e.,

EiQijttre = Qijir = Qi (16)

for all 7 = 0,1,... as long as the price remains unchanged. This assumption is convenient for
two reasons. First, we do not need to specify the specific process for a producer’s marginal cost,”
because the reset price in period ¢t depends only on the current realizations of all supply costs
Qijt.t, Vi, which the firm observes when adjusting its price. Second, our model with oligopolistic
distributors alongside monopolistically competitive producers yields the same aggregate dynamics
as a model with oligopolistically competitive producers and no distributors (see Appendix B.3).
This facilitates direct comparisons of our theoretical results with those obtained from oligopolistic
models without distributors (e.g., Wang and Werning 2022).

The following proposition provides the closed form expression for the distributor’s price change.

Proposition 1 Under perfect price synchronization, the optimal reset price response to idiosyn-

cratic and common cost shocks, up to a first-order approximation, is

~ 1 ~ N 1 ©s 1—A; ~
D :7<?‘,_ "f)+ L Pij ( J>%} * 17
1jt,t 1 +90ij Qz]t Qgt |:1 _1_90”' 1 +90ij 1 _BAA]' J Q]t ( )

SLet a, = Zjez a; denote the total market share of sectors with market structure z. Assuming a sufficiently large
number of sectors in each structure type z, the aggregate price index can be expressed as:

P = Zazﬁzt =1-X Zazﬁzt,t + )\Zazﬁztfl =(1- A)ﬁt,t + )\ﬁt—l,

where the law of large numbers is applied to derive the second equality. Consequently, the aggregate Phillips curve
is essentially a sectoral share-weighted aggregation of the individual sectoral Phillips curves. In his model of many
duopoly sectors and menu costs of price adjustments, Mongey (2021) provides a numerical solution for the entire
distribution of individual price adjustments, both within and across sectors.

"In Appendix B.1, we provide results for alternative assumptions about a producer’s marginal cost process.
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where Q;‘t =), SijQ;‘kjw and

1—bj+A[BA—1)—1]
(==Y 5 5
a; = (Z@: (1 T 307,]) Z]Q’lef) /Q]tv

N (= BN =)
ERD Y (R

i
Proof. See Appendix B.1.
Proposition 1 shows that a distributor’s reset price responds to its underlying idiosyncratic cost,

Afjt — @;t, and the common sector cost, @;"t =), sij@;}t. Figure 1 illustrates the key properties

of the pass-through of these shocks to the distributor’s reset price, using the case with symmetric

firms.
(a): Pass-through and price stickiness (b): Pass-through and str complementarity
(fix str complementarity at ¢ = 0.4) (fix price stickiness at A = 0.4)
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Figure 1: Idiosyncratic and common cost shock pass-through (symmetric firms)

The idiosyncratic cost pass-through (in solid blue), which we denote by ; decreases

= #
R

with the degree of strategic complementarity ¢; for this firm and sector, and it does not depend
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on the degree of price stickiness in the sector. The common cost pass-through (in dashed red),

denoted by ¥; = 5 j@j + 1ffpj (1;_3/;/]\]) »;, decreases with both strategic complementarity (albeit

at a slower rate than ;) and sector price stickiness.
Two special cases of Proposition 1 provide further intuition.

Special case 1: Flexible prices, A = 0:

Pijiy = 1—1-19% (@fjt - Q\jt) + [1 +1%j + 7 flzow x| Q7

Under flexible prices, our model nests static models of oligopolistic competition in Atkeson and
Burstein (2008), Edmond, Midrigan and Xu (2015), and Amiti, Itskhoki and Konings (2019) [AIK].
Similar to AIK, when firms are symmetric (s;; = s;, »; = 1), the common shock pass-through is
complete (¥;; = 1) and independent of the degree of market concentration in a sector or market
power within a sector. Even in asymmetric cases, the common shock pass-through is close to one
when cost shocks are small.® By contrast, a firm only partially responds to idiosyncratic cost shocks
in an effort to prevent its price from deviating too far from competitors’ prices, which would stretch
its market share to be too high or too low. Such strategic motives are absent when all competing
firms are hit by the common shock, resulting in its complete pass-through.

Our framework extends flexible-price cases to a more general setting with variation in the degree
of nominal price rigidity across sectors. When prices are sticky, a common shock introduces relative
price dispersion between adjusting and non-adjusting firms. Adjusting firms have an incentive to
moderate their price responses to the common shock to limit deviation of their price from those
of non-adjusting competitors. Given realization of the common shock, a higher degree of price
stickiness means a higher number of non-adjusters, and hence a stronger motive for adjusters
to mute their price deviation, implying lower common shock pass-through as shown in Figure
1(a). By contrast, the firm’s own cost directly hits only its own price, and its pass-through is not

directly influenced by the composition of adjusters and non-adjusters. Hence, idiosyncratic cost

81f @fjt — 0, 3; — 1 for any distribution of market power.
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pass-through does not depend on the degree of price stickiness.”

Special case 2: Monopolistic competition. Taking the limit s;;; — 0 brings strategic
complementarity to zero (¢;; — 0). The firm has no incentive to vary its markup in response to
competitors’ prices, and it fully passes through either idiosyncratic or common shocks (;; — 1,
U,;; — 1) by adjusting the price to changes in the cost: ﬁijt,t = @ijt,t = @;‘jt.

Under oligopolistic competition, strategic pricing complementarity lowers both idiosyncratic
and common shock pass-through (Figure 1(b)). As the degree of market power rises and there are
fewer competitors, it becomes increasingly costly for the firm to accommodate its own cost shock

than the cost that is common for the firm and its competitors. Therefore, as market power rises,

idiosyncratic cost pass-through decreases faster than common cost pass-through.

3 Canadian wholesale trade price micro data

This paper uses unpublished survey-based price micro data from Statistics Canada’s Services
Producer Price Index program. The data we use are collected to construct the monthly WSPI pub-
lished by Statistics Canada. The survey’s target population includes all statistical establishments
primarily engaged in wholesaling, classified as NAICS wholesale trade (41).

Survey respondents are required to report product-specific figures for the average monthly
purchase price (amount paid for the acquisition of a given product) and the average monthly
selling price (amount received for selling the same product), whether the product was imported,
and, if imported, the product’s country of origin. The data also include other price characteristics
that could help inform observed price dynamics. These include establishment-level NAICS 5-digit
(NAICS5) codes, product-specific NAPCS7 codes, and two variables that indicate the reason for a
price change, for the purchase price and selling price, respectively, based on a predetermined list of
reasons. Finally, the data also include information on the currency in which prices are reported.

The survey program is longitudinal in design, with the goal of monitoring each product reported

9 Amiti, Itskhoki and Konings (2019) demonstrate that under flexible prices, changes of competitors’ prices are
sufficient for inferring the firm’s pass-through of common cost shocks. This is no longer the case under sticky prices
because only adjusting competitors’ prices are informative about their current costs. Our data provide direct cost
measures for all wholesale firms, adjusting or not. Our model shows how changes in competitors’ costs—in a sector
where only some competitors change their prices—influence adjusting firms’ reset price.
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by a given establishment continuously over several collection cycles. Respondents are instructed
to report up to six products that are representative of their wholesaling activity, chosen based on
either the products’ contribution to annual sales or frequency of purchases.

The raw micro data used in this paper has not been cleaned prior to our receiving the data, and
none of the prices in our data are imputed. To the extent that is possible, we exclude any outliers
and anomalies from the raw micro data, ensuring that all prices and price changes are as accurate
as possible. For more information on the dataset and the data cleaning process, see Appendix A.1.

Our cleaned sample of monthly prices covers the period from January 2013 to December 2019.
It has roughly 280,000 firm-product observations, including about 1,800 individual firms and 14,000
individual firm-products. The average firm-product variety has roughly 20 monthly observations,
nearly all of which are consecutive. In terms of country of origin, the split across observations is
44% domestic, 32% US, and 25% other origins.

The dataset includes three sets of establishment-level weights that can be applied in regression
analysis or summary statistics. The first is a “revenue weight,” derived from establishment revenue
data based on the Statistics Canada Business Register (BR) and industry gross margins based on
the Annual Wholesale Trade Survey micro data.'® The second is a “design weight,” equal to the
inverse of the firm’s selection probability. This weight can be interpreted as the number of times
that each sampled firm should be replicated to represent the entire population. Finally, a “sampling
revenue weight” is equal to the product of the revenue weight and the design weight. It represents
the relative importance of the establishment in the industry and is used to construct an index that
is representative of the aggregate. When a wholesaler distributes multiple products, we divide the
firm’s weight equally across products. The sample and the weights are typically updated every
5 years. Unless otherwise noted, weighted statistics or regressions in the paper use the sampling

revenue weight to capture the economic importance of firms in the population.

“The BR is Statistics Canada’s central repository of information on businesses and institutions operating in
Canada. The sampling unit for the WSPI survey is the “establishment” level, and revenue weights are associated
one-to-one with individual establishments.
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3.1 Key features of the data

WSPI price micro data offer several key advantages for analyzing the interaction between nom-
inal rigidities and market power. The literature has stressed that variable markups and strategic
complementarities play only a limited role at the retail level but an important role at the wholesale
level (Nakamura and Zerom, 2010; Eichenbaum, Jaimovich and Rebelo, 2011; Gopinath, Gourin-
chas, Hsieh and Li, 2011; Gopinath and Itskhoki, 2011; Goldberg and Hellerstein, 2012). For each
wholesaler, the dataset provides the price at which it buys its products from suppliers (purchase
price) and the price for which it sells these products (selling price). Sectors are identified by an
industry classification (NAICS4, 25 industries) or product classification (NAPCS7, 166 products).
We use the selling price for wholesaler product ¢ in sector j in month t to represent the distribu-
tor’s output price Pj;; in the model, and we use the purchase price to represent Q;;; in the model.
Since the data contain both purchase and selling prices, they provide accurate measures of nominal
rigidity and markups at a firm-product level.

Nominal rigidity. We follow the literature by measuring nominal rigidity as the fraction of
adjusting prices in a given month (Klenow and Kryvtsov, 2008; Nakamura and Steinsson, 2008).

The average monthly fraction of selling price changes is defined as

ZiGIj ZtETij wll;]l [PUt # Pijt_l]

D
Zz‘efj ZteTi]- Wij

P
Frj

(18)

where I; denotes the set of firm-products in industry j; 7;; denotes the set of months that firm-
product ¢ in industry j is surveyed; wg represents the “design weight” of the firm, calculated as the
inverse of the probability of being selected; and 1 [Pj;; # P;j¢—1] is an indicator of a selling price
change for product-firm ¢. The fraction of adjusting purchase prices F’I”]Q is constructed similarly.
We refer to )\f =1- FTJP ()\52 =1-F r?) as selling (purchase) price stickiness in sector j.

The average monthly fraction of price changes is roughly 0.55 for selling prices and 0.50 for
purchase prices. Figure 2 depicts the average fractions for each 3-digit NAICS industry (NAICS3).
The monthly fraction of price changes varies significantly across industries: from 0.33 in the “Motor
vehicle and motor vehicle parts and accessories merchant wholesalers” industry to 0.97 in the

“Petroleum and petroleum products merchant wholesalers” industry.
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Figure 2: Average fraction of price changes by 3-digit NAICS wholesale industry

Nominal price rigidity for selling and purchase prices are highly correlated across sectors and
products. Figure 3 provides corresponding scatter plots for NAICS4 and NAPCS7 classifications.

In both cases, the fitted slopes are 0.88 and highly significant with R% = 0.95.

(a) 4-digit NAICS industry level (b) 7-digit NAPCS product level
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Figure 3: Selling and purchase price synchronization at the industry and product levels
Notes: Purchase (selling) price stickiness is given by AJ’ ()\?), where j represents a sector according to NAICS4
industry classification (Panel (a)) or NAPCST7 product classification (Panel (b)).

This evidence suggests that selling price adjustments are synchronized with purchase price
adjustments. Table 1 provides the firm-product-level (unweighted) frequency of the change of the

selling price conditional on the change in the purchase price in the same month. Indeed, purchase

19



and selling price changes are highly synchronized at the firm-product level. When a purchase price
adjusts, there is a selling price change 86% of the time. And when the purchase price is unchanged
from the previous month, the selling price is unchanged 75% of the time. Derivation of the closed
form in Section 2 relies on the assumption of perfect synchronization between purchase and selling
price changes, which as we show here is largely borne out in the data.

Table 1: Synchronization at the firm-product level

Selling price change
Yes No

0.8632 0.1368
0.2503 0.7497

Yes

Purch ice ch
urchase price change

Notes: Table provides unweighted means of an indicator of a
selling price change/no change conditional on a purchase price
change/no change in the same month.

Markups. Define the margin as the ratio of the firm-product selling price to the firm-product
purchase price. Figure 4 provides the mean and standard deviation of (log) margins in our data
for each NAICS3 wholesale sector. There is substantial variation in both the level and dispersion
of product margins across sectors. The mean margin varies from 0.08 in the “Petroleum and
petroleum products merchant wholesalers” industry to 0.53 in the “Personal and household goods”
industry, and margin dispersion tends to be higher in industries with higher margin levels. Variation
in dispersion presented in the figure indicates that firms have different degrees of market power
within industries.

Since the firms represented in the data are wholesalers, they do not transform purchased goods
before selling them to other firms. Therefore, the firm-product margin can be used as a reliable
proxy for the firm-product markup. In our empirical analysis, we refer to the firm-product margin
as markup and use it as a measure of the firm’s market power.!

In practice, a wholesaler may incur other costs, such as wage payments to its staff, the cost of

managing inventories, or the cost of maintaining its distribution facilities. We offer three arguments

for why measurement issues do not significantly undermine our markup proxy. First, since wholesale

1A similar assumption is used in studies using retail price micro data, e.g., Eichenbaum, Jaimovich and Rebelo
(2011), Gopinath, Gourinchas, Hsieh and Li (2011), and Anderson, Rebelo and Wong (2018).
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firms do not transform the goods that they sell, nearly all of their direct costs come from costs

of purchased goods rather than from labour costs.'?

Other indirect costs, such as the cost of
maintaining distribution facilities, should be less variable over short horizons and are therefore likely
unrelated to marginal cost dynamics (see Appendix A.5). Second, measurement error would imply
similar empirical estimates of idiosyncratic and common shock pass-through rates; our evidence
strongly rejects their equality. Third, our empirical analysis uses firm-product fixed effects to

control for the variation of unobserved cost components across firms and products. In all, we

consider the firm-product margin as a reasonable markup proxy for the goals of this study.
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Figure 4: Average product margin by 3-digit NAICS wholesale industry

Notes: Margin is the log of the ratio of the selling and purchase price in the same month. Mean
(standard deviation) is design-weighted mean (standard deviation) across all observations in the sector.

4 Estimation of price responses

In this section, we decompose the purchase price changes faced by wholesalers into common and
idiosyncratic cost shocks and estimate the firms’ pass-through of these two shocks, conditioning on a

selling price change. We find strong support for our theoretical predictions: in oligopolistic markets,

12For example, Canadian industry statistics indicate that 96% of the wholesale industry’s Cost of Goods Sold
(COGS) is accounted for by “Purchases, materials and sub-contracts” and only 4% of COGS is accounted for
by “Wages and benefits”. By comparison, for the manufacturing sector this breakdown is 74% accounted for by
“Purchases, materials and sub-contracts” and 26% accounted for by “Wages and benefits”. See https://ised-
isde.canada.ca/app/ixb/cis/search-recherche.
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the pass-through of idiosyncratic shocks is incomplete and independent of the price stickiness of the
industry, while the pass-through of common cost shocks decreases with the sector’s price stickiness.
Moreover, the pass-through of both idiosyncratic and common shocks is decreasing in market power.

In our baseline analysis, we define an industry at the NAICS4 level. As a robustness check,
we then repeat the analysis using an alternative NAPCS7 product classification. In the data, each
establishment may report multiple products. We treat each product as a separate entity and use ¢

to label firm-product pairs.

4.1 Estimation strategy

In Section 2 we derived a closed-form relationship (17) between the distributor’s selling price
at the time of adjustment and idiosyncratic and common components of its purchase price at
that time. Using wholesale price micro data, we estimate equation (17) in two steps. First, we
decompose purchase price changes in a sector into the idiosyncratic and common components by
using the fixed-effect approach in di Giovanni, Levchenko and Méjean (2014). We then estimate
the selling price response to these two cost shock measures, conditioning on a selling price change.

In the first step, we decompose the monthly changes of log purchase prices, Aln(Q;j;) =
In(Qijt) — In(Qijt—1), into common and idiosyncratic components by estimating an unweighted

fixed-effect OLS regression

AIn(Qiji) = €ji + €4t (19)

where ¢€;; is the sector-month fixed effects and ¢;j; is the residual.’® Estimated €j¢ captures the
average change in the purchase prices of all firm-product pairs in sector j in month ¢, referred to
as the “common cost shock”; and €;; captures the idiosyncratic change in the purchase price of
firm-product ¢ in sector j at month ¢, referred to as the “idiosyncratic cost shock.”

In the second step, we estimate the pass-through of these shocks to wholesalers’ selling price

13 Alternatively, the average cost change can be calculated as €j; = [Zielﬂ Aln(Qijt)] / [Zielﬂ ]l], where I;¢ is
the set of firm-products surveyed in sector j in month ¢.
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conditional on adjustment (AlIn(F;j;) # 0):

A ln(Pijt) = (\I/[) + \Ifl)\j + \1’2)\fj + \1’3)\1‘]' + \I/4Dj + \I/5Dij) ‘gjt

common cost pass-through

+ (Yo + Y1Aj + Yo)pj + Y3hij + aDj + 5 Dij) €t + FEij + vijt, (20)

idiosyncratic cost pass-through

where F'E;; is firm-product fixed effects that absorb time-invariant heterogeneity in price adjust-
ments across firm-products, and v;j; is the residual term.

In (20), we allow the pass-through rates to vary with price stickiness across sectors and across
firms and products within a sector. We implement these covariates via interactions of the shocks €j;
and €;j; with three measures of price stickiness and two market power measures. Price stickiness \;,
Afj, Aij is equal to 1 minus the average monthly fraction of adjusting prices at the sector, firm, or
product level, respectively. We use the distributor’s margin to capture variation in market power.!*
Dummy D; identifies the top quartile of the markup distribution across sectors, and dummy D;;
defines the top quartile of the markup distribution across firms within sector j. Appendix A.3
provides expressions for measures of price stickiness and market power. We estimate (20) with a
panel fixed-effects regression using all observations with non-zero selling price changes.

Specification (20) offers several advantages for estimating the joint contribution of price sticki-
ness and market power to firm-product price adjustments. First, it incorporates the effect of price
stickiness on the degree of cost pass-through at monthly frequency. This feature of our analysis
is enabled by detailed micro data for monthly prices and margins of heterogeneous distributors in
concentrated markets. As a special case, (20) nests the pass-through under flexible prices, which
allows us to cross-validate our results with those in Amiti, Itskhoki and Konings (2019), who used

micro data at annual frequency at which most prices are flexible.

Second, it incorporates reliable measures of market power. The margin in the WSPI price micro

14 According to most imperfect competition models, price markup is a suitable proxy for market power. This is
the case in our model, where market power, summarized by strategic complementarity ¢;;, is linear in steady-state
. - iy 0 1 . . o (6—1,, .. .
price markup pi; = 3—27 = a7 7—o~ for any given 0: ¢;; = (T“W — 1) (6 —1). For empirical analysis, we prefer
iJ ¥
markup as the measure of market power to an alternative standard measure based on the firm’s share of the sector’s
sales revenue because we do not observe the entire population of firms in each sector and because margins in our

dataset are observed at the product level and monthly frequency.
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data provides a direct measure of price markup, which is a standard measure of market power. In
particular, since in the data we observe distributors’ costs directly, and these costs are plausibly
exogenous to distributors’ prices, we can estimate theoretical relationship (17) directly using (20).
Studies relying on using observed competitors’ prices for pass-through estimation face an additional
challenge of addressing endogeneity of competitors’ prices to underlying costs.!?

Third, it distinguishes the pass-through of idiosyncratic and common cost shocks. Our model
demonstrates how price stickiness and market power jointly and differentially influence the pass-
through of these shocks. Our empirical analysis bears out these relationships in the data and
provides numeric estimates that we use in Section 5 to derive quantitative implications for inflation
dynamics.

Fourth, it distinguishes price stickiness and market power for different levels of aggregation.
Macro theories in Mongey (2021), Wang and Werning (2022), and our model equation (17) demon-
strate that the combined effects of nominal price rigidity and market power on micro price adjust-
ments vary across firm-products within a sector as well as across sectors. Detailed coverage of the
population of firm-products and sectors in our wholesale price data enables us to conduct adequate

empirical analysis of these effects.

4.2 Estimation results by sector

We first estimate (20) separately for each of the NAICS4 industries and NAPCS7 products.
Figures 5 and 6 provide scatter plots of the estimated pass-through coefficients against the price
stickiness and the average margin of the industry or product. The plots include the fitted line to
summarize the relationship.

The results visualize a negative relationship of both common and idiosyncratic shock pass-
through with sector price stickiness and market power for either industry or product classification.
Together, price stickiness and average margin account for 53% (34%) of variance in the common cost

pass-through across NAICS4 (NAPCS7) sectors, and for 82% (65%) of variance in the idiosyncratic

15For example, Amiti, Itskhoki and Konings (2019) use proxies of competitors’ costs as an instrument for com-
petitors’ prices. We discuss the differences and equivalence between our estimation approach and AIK in Appendix
B.5.
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cost pass-through.'6

Estimates for the common cost pass-through are in line with the model (Figure 1), which predict

that pass-through declines with price stickiness and market power across sectors.'”
(a) Common PT against price (b) Common PT against average
stickiness margin
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Figure 5: Estimates at the 4-digit NAICS wholesale industry level

Note: The figures plot the estimated selling price pass-through to common and idiosyncratic cost shocks against the
average price stickiness and markup measured at the NAICS4 industry level. Specifically, we estimate Aln(P;j:) =
2 eﬁ“ + egft + FE;j + vij¢ separately for each industry. For this graphical presentation, we have included only
the industries with estimated pass-through rates in the range of [—0.1,1.1]. The red line in each figure represents
the fitted line obtained by regressing the estimated coefficients (U**, 9Z*") on the price stickiness \; or the average
margin p;. The slope and the R? of the fitted line are reported in the bottom right corner of each figure.

Estimates for idiosyncratic cost pass-through are less clearly aligned with the model. While

pass-through significantly decreases with the average margin, the slope is not steeper than the

The contribution of each variable is calculated as |Cov(zj,y;)/Var(y;)|, where y; € {¥;,1;} and z; € {\;, u;}-
Appendix A.3 provides detailed results.
"Tn our model, the degree of market power is synonymous with the degree of strategic complementarity.
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slope of the common cost pass-through, as predicted by the model. Although price stickiness has
a weaker influence on the idiosyncratic cost pass-through than the common cost pass-through, it
is only for NAICS4 sectors that the slope is not statistically different from zero, and it is negative

and significant for NAPCS7 sectors.
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Figure 6: Estimates at the 7-digit NAPCS wholesale product level

Note: The figures plot the estimated selling price pass-through to common and idiosyncratic cost shocks against the

average price stickiness and markup measured at the NAPCS7 product level. Specifically, we estimate

Aln(Pije) = Ujes™ + jelt + FEqj + vije separately for each product. For this graphical presentation, we have

included only the products with estimated pass-through rates in the range of [—0.1,1.1] and an average margin

pj < 1. The red line in each figure represents the fitted line obtained by regressing the estimated coefficients (\I/]ESt,
]E“) on the price stickiness \; or the average margin p;. The slope and the R? of the fitted line are reported in

the bottom right corner of each figure.

Because we estimate pass-through coefficients separately for each sector, these results do not

incorporate variation of price stickiness and market power across sectors. In Appendix A.3 we
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document that sectors with high average margin tend to have stickier prices, with a slope of roughly
2/3: increasing a sector’s average log margin from 0.2 to 0.6 increases monthly price stickiness from
0.30 to 0.57, raising average price duration by roughly one month. To the extent that higher price
stickiness reflects higher market power (as opposed to higher prices stickiness given market power),
the slope in panel (c) of Figures 5 and 6 would be flatter if we controlled for the negative effect
of market power on the pass-through. Similarly, if higher sector margins are also accompanied
by stickier prices, the slope in panel (d) of Figures 5 and 6 would be steeper if we controlled the
muting effect of price stickiness on the pass-through. Hence, positive correlation of price stickiness
and average sector margins can potentially explain both deviations of sector pass-through estimates

from theory predictions in Figure 1.

4.3 Estimation results for all sectors

To incorporate cross-sector variation, we now estimate (20) for observations in all sectors
(NAICS4 industries or NAPCS7 products). Tables 2 and 3 provide estimated pass-through co-
efficients capturing variation in price stickiness and market power both across and within sectors.
We focus on NAICS estimates to summarize the main results.

To set the background, column (1) in Table 2 provides the estimated average pass-through
coefficients across all wholesale firms in our sample. The average idiosyncratic pass-through of 0.65
is below the average common cost pass-through of 0.82. The theory predicts that both sticky prices
and market power imply lower common cost pass-through. In particular, since the common cost
pass-through should be 1 under flexible prices, the fact that the common cost pass-through is below
1 suggests an independent effect of price stickiness. As we demonstrated in Section 2, the model
with market power and flexible prices predicts full pass-through of the common cost shock. Amiti,
Itskhoki and Konings (2019)’s estimates imply that the average pass-through of a common shock
is close to complete in their annual micro data, i.e., when prices are close to flexible. Our results
validate the theoretical prediction that at higher frequencies the average common cost pass-through

is incomplete due to infrequent price adjustments under oligopolistic competition.
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Table 2: Pass-through estimates, 4-digit NAICS wholesale industries

(1) 2) 3) 4) (5) (6)

Common cost 0.82***  1.01***  1.00"*  1.00***  1.08***  1.05***
(0.089) (0.107) (0.107) (0.107)  (0.11)  (0.054)
Idio. cost 0.65***  0.72"* 0.72**  0.72"*  0.75"*  (.88***
(0.028) (0.066) (0.066) (0.066) (0.056)  (0.037)
Common cost x Sectoral stickiness -1.16™*  -1.02*** -1.00*** -0.96** -0.70**
(0.31)  (0.304) (0.3) (0.338)  (0.251)
Idio. cost x Sectoral stickiness -0.18 -0.13 -0.13 0.03 -0.04
(0.148)  (0.156) (0.154) (0.132)  (0.097)
Common cost X Firm stickiness -0.20
(0.284)
Idio. cost x Firm stickiness -0.15
(0.082)
Common cost x Firm-product stickiness -0.20
(0.256)
Idio. cost x Firm-product stickiness -0.18*
(0.078)
Common cost x High-margin industry -0.29**  -0.29**
(0.106)  (0.095)
Idio. cost x High-margin industry -0.25%F  -0.24***
(0.046)  (0.042)
Common cost x High-margin firm -0.05
(0.186)
Idio. cost x High-margin firm -0.33%**
(0.041)
Observations 136,085 136,085 136,085 136,085 136,085 136,085
Firm-product fixed effects v v v v v v
R? 0.49 0.49 0.49 0.49 0.5 0.52

Notes: This table presents estimates for pass-through of common shocks and idiosyncratic shocks, interacted with indicators
of sector/firm/firm-product stickiness and high sector/firm margins. The dependent variable is the firm-product selling price.
Estimates are based on monthly price data, are weighted using sampling revenue weights, and are conditional on selling
price adjustment (cases where the selling price is unchanged between periods are excluded). Common costs are identified
via a first-stage regression of the firm-product purchase price on a sector-time fixed effect, where sector is defined as the
firm’s NAICS4 industry. Idiosyncratic shocks are defined as the residual of this first-stage regression. Statistical significance,
based on robust standard errors clustered at the firm level is reported at the 1, 5, or 10 percent level, which is indicated by
Hokk Kk or *| respectively.
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In the remaining regressions, reported in columns (2) through (6), we incorporate the inter-
action of the common and idiosyncratic shocks with price stickiness across sectors. Additionally,
regressions (3) and (4) include interactions with firm and firm-product price stickiness, and (5) and
(6) add interactions with dummies for high-margin sectors and high-margin firms.

In line with the theory, the estimated idiosyncratic cost pass-through is independent of price
stickiness at the sector and firm levels, and there is only a weak negative relationship at the firm-
product level.'® On average, the pass-through of an idiosyncratic shock is about 70%, implying
the underlying degree of strategic complementarity of ¢ & 0.43 in our model with ex-ante identical
sectors.

In contrast to idiosyncratic cost pass-through, the pass-through of the common cost shock de-
creases with sector price stickiness, as our theory predicts. For a sector with flexible prices, the
pass-through is close to 1, consistent with findings in Amiti, Itskhoki and Konings (2019). As sec-
tor price stickiness rises, the pass-through declines quickly: for each additional 10 percentage point
fall in price flexibility, the common cost pass-through falls by 10 percentage points for NAICS4
industries (and by 3 percentage points for NAPCS7 products). Our theory attributes this rela-
tionship to strategic pricing complementarity among firms in the sector. Intuitively, knowing its
competitors’ prices cannot accommodate the common shock (due to sticky prices), a firm uses its
price change opportunity to adjust its markup, leading to an incomplete pass-through of the shock.
The interaction terms with the common cost shock in columns (2) and (3) confirm that this result
is mostly driven by sector-level price stickiness rather than by firm or firm-product price stickiness.

For a given degree of sector price stickiness, both common and idiosyncratic pass-through
decrease with market power of the sector (columns 5 and 6 in Table 2), in line with the theory in
Figure 1(b). Incorporating differences in market power within sectors (column 6) further lowers
pass-through, especially for idiosyncratic shocks. When market power measures are included, the
estimated effect of sector price stickiness on the common cost pass-through is somewhat more

muted, reflecting the idea that some of the variation in price stickiness may be due to differences

18The negative interaction term between the idiosyncratic cost shock and the firm-product price stickiness (column
4) suggests the pass-through of an idiosyncratic cost shock is decreasing in the price stickiness of the firm-product. In
Appendix B.1 we show that this empirical finding is consistent with a more general model that relaxes the assumption
of perfect synchronization between cost and price adjustments.
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in market power across sectors and firms, as we discussed in Section 4.2.

The estimation results are generally similar when sectors are defined according to NAPCS7
product classification (Table 3). The differences in the magnitude and significance of some of
the estimates likely reflect differences in measurement of price stickiness and market power. In
particular, since there is a smaller number of firm-products surveyed within each 7-digit NAPCS
product classification than in the NAICS4 classification, the measure of sector price stickiness may

be less accurate due to noise stemming from adjustments of individual firms or products.

Table 3: Pass-through estimates, 7-digit NAPCS wholesale products

(1) (2) 3) (4) (5) (6)

Common cost 0.79*** 0.86"*  0.86™* 0.86"* 0.89"**  (0.93***
(0.038) (0.063) (0.063) (0.063) (0.044) (0.032)
Idio. cost 0.69***  0.70***  0.70** 0.70***  0.75"*  (0.84***
(0.028) (0.065) (0.065) (0.065) (0.042) (0.037)
Common cost x Sectoral stickiness -0.32* -0.30* -0.26 -0.23 -0.21
(0.149) (0.151) (0.146) (0.167) (0.143)
Idio. cost x Sectoral stickiness -0.02 0.06 0.04 0.04 0.01
(0.137)  (0.14)  (0.142) (0.102) (0.092)
Common cost x Firm stickiness -0.03
(0.134)
Idio. cost x Firm stickiness -0.23**
(0.074)
Common cost X Firm-product stickiness -0.14
(0.131)
Idio. cost x Firm-product stickiness -0.22%*
(0.074)
Common cost x High-margin industry -0.22 -0.21
(0.145)  (0.126)
Idio. cost x High-margin industry -0.23**  -0.22*
(0.085)  (0.087)
Common cost x High-margin firm -0.18*
(0.08)
Idio. cost x High-margin firm -0.28***
(0.034)
Observations 133,620 133,620 133,620 133,620 133,620 133,620
Firm-product fixed effects v v v v v v
R? 0.54 0.54 0.54 0.54 0.55 0.57

Notes: This table presents estimates for pass-through of common shocks and idiosyncratic shocks, interacted with indicators

of sector/firm/firm-product stickiness and high sector/firm margins. The dependent variable is the firm-product selling
price. Estimates are based on monthly price data, are weighted using sampling revenue weights, and are conditional on
selling price adjustment (cases where the selling price is unchanged between periods are excluded). Common costs are
identified via a first-stage regression of the firm-product purchase price on a product-time fixed effect, where product is
defined as the firm-product’s NAPCS7 product code. Idiosyncratic shocks are defined as the residual of this first-stage
regression. Statistical significance, based on robust standard errors clustered at the firm level is reported at the 1, 5, or 10
percent level, which is indicated by *** ** or * respectively.
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5 Implications for inflation dynamics

To put the empirical estimates in perspective, we summarize inflation dynamics in the multi-
sector model with oligopolistic competition using sector price stickiness A; and strategic comple-
mentarity ¢; estimated in Section 4.2. To unpack the mechanisms influencing inflation dynamics,
we add statistics from simplified versions of the model, where we shut down the effects of sector
heterogeneity in price stickiness, strategic complementarity, or market power.!? For each version of
the model, Table 4 reports three statistics: (1) the cumulative output response to an unanticipated
permanent 1% increase in money supply, (2) the price stickiness multiplier required to match the
output response, and (3) the slope of the New Keynesian Phillips curve. Column (1) provides the
statistics for the baseline model—the standard one-sector Calvo model with monopopolistic com-
petition (“MC(1)”). The statistics for other versions of the model are expressed as multiples of the
baseline statistics. Panels (a) and (b) of Table 4 report statistics based on NAPCS7 and NAICS4
estimates, respectively (we will focus on Panel (a)).

Under oligopolistic competition (“OC(1)”, column 2), the slope of the NKPC in the one-sector

1

o relative to the slope under monopolistic competition. At

model is reduced by a factor of
the level of strategic complementarity implied by the estimated idiosyncratic cost pass-through in
Section 4, P = 0.43, the slope of NKPC is reduced by 30%. This effect of strategic complemen-
tarity is substantial. For example, if markups were to increase by 10 percentage points over the
next decade—the decennial rate of increase in market power over the last four decades documented
in De Loecker, Eeckhout and Unger (2020)—the NKPC would flatten by an additional 12%.2° Our
empirical evidence supports conclusions in Mongey (2021) and Wang and Werning (2022) that
models with a reasonable degree of oligopolistic competition provide significant amplification of the
effects of nominal rigidities in standard New Keynesian models.

The implications of strategic complementarities are stronger when we account for sector het-

erogeneity (“OC(J)”, column 4). When we “turn on” heterogeneity in price stickiness across

In all simulations, firms are symmetric (s;; = s;). Statistics for the model with ex-ante identical sectors (one-
sector model) are solved analytically, with derivations provided in Appendix B.3. Statistics for the multi-sector model
are solved numerically, as detailed in Appendix B.4.

200ur estimated ' = 0.43 and mean log markup In(u = 0.34 suggest an elasticity of substitution § = 4.8.
A 10 percentage point increase in markup level implies In(u"*") = 0.409. Assuming the same elasticity of substitution,
this implies ™" = 0.728 and thus 1/(1 + ¢™*) = 0.58.

Data)
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Table 4: Statistics in a multi-sector oligopoly model with sticky prices

Baseline x Relative to Baseline
Statistic MC(1) 0C(1) MC(J) OC(J) OC(J)
(A p=0) (A ) (A0 =0) (N> ) (N> i)
| (1) I (2) (3) (4) (5)

(a) NAPCS7 products

Output Response 0.82 1.27 1.47 1.84 2.38
Price Stickiness 0.45 1.13 1.21 1.33 1.47
Slope of NKPC 0.67 0.70 0.56 0.40 0.26

(b) NAICS/ sectors

Output Response 0.72 1.28 1.24 1.57 1.96
Price Stickiness 0.42 1.15 1.13 1.27 1.40
Slope of NKPC 0.81 0.70 0.73 0.52 0.36

Notes: The table provides model statistics based on weighted estimates from NAPCST7 products (Panel (a))
and NAICS4 industries (Panel (b)). The first row of each panel reports the cumulative response of aggregate
output (in %) to an unanticipated permanent 1% increase in money supply. The second row of each panel
reports price stickiness A in a standard monopolistically competitive model in column (1) that implies the
output response in the alternative version of the model. The third row of each panel reports the implied
slope of NKPC. Column (1) gives the statistics for the standard one-sector Calvo model with monopolistic
competition (“MC(1)”), where price stickiness is equal to the weighted mean price stickiness in the data.
Statistics for models in columns (2)—(5) are expressed relative to statistics for MC(1). Column (2) reports
the results for an oligopolistically competitive model with homogeneous sectors (“OC(1)”), where X is set to
the weighted mean price stickiness in the data and ¢ = 0.43. Column (3) reports statistics for an MC model
with heterogeneous sectors (“MC(J)”), where the price stickiness in each sector is calibrated to match the
data. Column (4) reports statistics for an OC model with heterogeneity in price stickiness and homogeneous
market power, where ¢ = 0.43. Column (5) reports statistics for an OC model with heterogeneity in both
price stickiness and market power, calibrated to match the estimates in Section 4.2.

sectors—while keeping strategic complementarity the same across sectors—the slope of NKPC is
reduced by an additional 30% relative to the one-sector OC model, resulting in a 60% flatter NKPC
relative to the baseline model. This amplification is due to the interaction of nominal price rigidity
and strategic complementarity across sectors pointed out by Carvalho (2006). Most price adjust-
ments after the monetary shock are made by firms in more flexible sectors. As time passes by, a
larger proportion of prices that are yet to adjust are from stickier sectors, slowing the aggregate
price adjustment. Even without strategic complementarity (“MC(J)”, column 3), such frequency
composition effect reduces the slope of NKPC by 44%. Adding strategic complementarity (column

4) reduces price changes by adjusting firms, further dampening the aggregate price response and

reducing the NKPC slope by an additional 16 percentage points.
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Finally, we match both the price stickiness and strategic complementarity implied by the id-
iosyncratic cost pass-through estimated for each sector (column 5). As we documented in Section
4.2, sectors with lower idiosyncratic cost pass-through (i.e., stronger strategic complementarity)
tend to have stickier prices. This means that amplification of price stickiness by strategic comple-
mentarity is stronger for sectors with stickier prices. This interaction between price stickiness and
strategic complementarity flattens the NKPC slope by an additional 14 percentage points. This
is a conservative estimate since we assumed strategic pricing complementarity only within sectors,
and there are no strategic interactions across sectors. As Carvalho (2006) explain, when prices are
strategic complements across sectors, price changes by firms in more flexible sectors are influenced

by prices in sticky sectors, further slowing aggregate price adjustment.

(a) Price reduction due to sectoral heterogeneity (b) Output response
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Figure 7: Amplification due to strategic complementarity in a multi-sector oligopoly model
Notes: The figure provides responses to an unanticipated permanent 1% increase in the money supply.
Panel (a) reports the difference between the aggregate price response and the response in the baseline

MC(1) model. Panel (b) reports output impulse responses. Models are based on weighted estimates
from NAPCST products.

Figure 7 shows how incorporating the heterogeneity of price stickiness and strategic complemen-
tarity dampens the aggregate price response relative to the response in the baseline model (Panel
(a)) and amplifies corresponding output responses (Panel (b)). Relative to the MC(1) baseline,

the output response is amplified by 1.47 in the model with heterogeneity in price stickiness, by
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1.84 when there is homogeneous strategic complementarity due to oligopolistic competition, and
by 2.38 when both strategic complementarity and price stickiness vary across sectors. One could
approximate these effects using a standard one-sector Calvo model in which nominal price stickiness
A is increased by a factor of 1.21, 1.33, and 1.47, respectively.

In sum, our empirical estimates imply a substantial degree of strategic pricing complementarity
in oligopolistic markets. The slope of NKPC in the multi-sector model that matches the heterogene-
ity in price stickiness and strategic complementarity is only one-forth of the slope in the standard
one-sector model without real rigidities. Out of the 74% difference in the slope, 30 percentage
points are due to the average effect of oligopolistic competition (without sector heterogeneity), an
additional 30 percentage points are due to heterogeneity in price stickiness, and the remaining 14
percentage points capture (conservatively) the positive correlation of price stickiness and market

power across sectors.

6 Conclusions

Using unique data from Canadian wholesalers, we present evidence that firm-product price
adjustments depend on the degree of market power and price stickiness within and across sectors.
The estimated pass-through of idiosyncratic and common cost components to wholesale prices are
in line with predictions of a model with oligopolistic distributors and sticky prices. Through the
lens of our model, our estimates suggest that strategic pricing complementarity in the wholesale
industry is substantial, e.g., reducing the slope of the NKPC by 30% in a one-sector model and by
74% in a multi-sector model.

The main takeaway is that, in oligopolistic markets, inflation dynamics and transmission of
monetary policy or exchange rate shocks depend on the joint distribution of market power and
price stickiness in the economy. Future research could explore how this joint distribution evolves
over time. For example, if markups were to rise faster in more concentrated sectors, the NKPC
would flatten more than if markups were to grow equally across sectors, because more concentrated
sectors tend to have stickier prices. Future work should also study how market power influences

the transmission of monetary policy in the wake of large inflation swings, such as those observed in
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the aftermath of the 2020-2022 COVID-19 pandemic. To account for variation in price flexibility
during such events (Montag and Villar, 2023), one needs to incorporate endogenous price flexibility
in oligopolistic models with sector heterogeneity. Finally, future analyses could focus on how
other sources of strategic pricing complementarities—due to non-CES preferences (Kimball, 1995),
intermediate inputs (Basu, 1995), firm-specific production factors (Altig, Christiano, Eichenbaum
and Lindé, 2011), or “real flexibilities” (Dotsey and King, 2006)—influence inflation dynamics in

oligopolistic environments.
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A Data Appendix

A.1 Data cleaning process

Our empirical analysis relies on two raw micro datasets. The first is the monthly WSPI micro
data file. This includes information on monthly wholesale purchase prices and selling prices for
individual firm-products. It also includes other information we use in our analysis and to inform
the cleaning process. The second dataset is the weights file, which is developed to be merged with
the WSPI for the purpose of providing a representative sample to construct the WSPI. We discuss
more details about both these files below.

The raw micro data has not been cleaned prior to our receiving the data, and none of the
prices in our data are imputed. Prior to constructing the WSPI, Statistics Canada conducts
various error detection tests and excludes some outliers and anomalies in the data. More generally,
Statistics Canada dedicates resources to ensuring any reported price changes in the survey are not
contaminated by structural changes to the product definition, including product reclassifications or
changes in units. The survey’s data collection strategy is designed to ensure that targeted response
rates are met every cycle, and the survey receives about a 75% response rate. Following this, an
imputation process is undertaken to achieve 100% coverage for the published price index.

The survey is stratified by NAICS5 codes. The largest establishments in a given NAICS in-
dustry are selected as “take-all” (100% probability), with remaining establishments selected with
probabilities that are proportional to their revenue. To construct the index, individual respondents
are assigned weights based on establishment revenues and industry gross margins to arrive at a rep-
resentative sample of wholesale sector prices. New survey participants are introduced to the survey
through telephone calls, where respondents are guided through a process of selecting representative
products. The data are updated (and revised) quarterly, where respondents are asked to answer
the survey based on information from the preceding three months. The sample of respondents for
the price file is updated roughly every five years. The weights file is updated along with the sample
update, roughly every five years. The sample used for this analysis was last updated in May 2023.

The price file includes several variables that correspond in some fashion to firm/establishment /firm-

product identifiers: (1) the “PID” is intended to uniquely identify each firm-product in the data.
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It is assigned by the Producer Price Division (PPD) based on the Generic Processing System
(GPS) and serves as our primary unit of analysis in the paper; (2) the “PPDID” is assigned by the
PPD and is intended to correspond one-to-one with the establishment level on Statistics Canada’s
Business Register (BR); the PPDID is the sampling unit for the WSPI survey; (3) the “Operating
Entity Number” is also intended to correspond one-to-one with the establishment level and is taken
directly from value reported in the BR; and (4) the “Enterprise Number” is intended to correspond
one-to-one with the enterprise level and is taken directly from value reported in the BR.?! Also
included are classification codes for the NAICS5 industry that the reporting firm is associated with
and the NAPCST7 product code that the firm-product is associated with.

The price file also includes information on the country of origin of the product, the currency
that product prices are reported in, and several flags that help to ascertain the quality of the data.
There are two variables that provide information on the country of origin of the product. One is
an “imported” binary variable that takes the value of 1 if imported and 0 if not imported. The
second is an “origin” variable that takes different values that each correspond to a specific country
of origin. In terms of currency, there are separate “currency of purchase price” and “currency of
selling price” variables included in the data. In terms of flags, there is a “product change” flag
that identifies cases where the product name appears to change, a “non comparable” flag that
identifies where the series appears to have changed in a significant way that suggests a break in
the series, and an “exclude” flag that identifies outlier observations based on the patterns observed
in that particular firm-product over the periods around that observation. The “non comparable”
and “exclude” flags also have associated variables that provide the reason for these flags based on
a defined set of possible reasons. All these flags are introduced by analysts in the PPD and not
entered by the survey respondents.

The price file sample that we use begins in January 2013. The data are currently available
up to 2023, but we drop all observations past December 2019 to exclude the COVID-19 pandemic

period.

21 An “enterprise” (also referred to as a “firm”) is defined as an institutional unit that directs and controls the
allocation of resources relating to business operations and for which financial statements are maintained. An “estab-
lishment” (also referred to as a “plant”) is below the enterprise in the statistical hierarchy and is defined as the most
homogeneous unit of production for which the business maintains accounting records.
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The weights file includes two sub-files: one for the 2013 reference period (released in the second
quarter of 2016) and one for the 2020 reference period (released in the third quarter of 2022). Each
weight in a given file is intended to correspond uniquely to a single PPDID in the corresponding
WSPI file. However, there are cases where a single PPDID is reported in both sampling periods,
so that one PPDID has a weight reported in each weight file. In these cases, we use the weight
from the older weight sample. In some cases the weight is missing in one weight sample but is
available in the other. In these cases, we use the weight that is available. These files includes
several weights that we use. The first is a “revenue weight,” derived from establishment revenue
data based on Statistics Canada’s BR and industry gross margins based on the Annual Wholesale
Trade Survey micro data.?? The second is a “design weight,” equal to the inverse of the firm’s
selection probability, induced by the sample design. This weight can be interpreted as the number
of times that each sampled establishment should be replicated to represent the entire population.
Finally, a “sampling revenue weight” is equal to the product of the revenue weight and the design
weight and represents the relative importance of the establishment in the industry. It is used to
construct an index that is representative of the aggregate.

Once the WSPI file is merged with with the weights file, we initially apply a few small cleaning
procedures. In terms of hierarchical structure, a single enterprise might nest several establishments,
but a single establishment should not nest several enterprises. So we drop cases where multiple
Enterprise Numbers are associated with a single Operating Entity Number or PPDID. The PPDID
and the Operating Entity Number are supposed to map one-to-one with one another, so we also
drop cases where this mapping is not one-to-one. Once that procedure is applied, we are left with
roughly 420,000 observations.

From there, we identify cases where the “imported” variable is 0 but the “origin” variable

“imported”

indicates a foreign origin. We assume the “origin” variable is correct and re-code the
variable to 1. Also, in cases where the “imported” variable is missing, we assume the good is not
imported and re-code the variable to 0. We drop observations where the currency of the reported

selling or purchase price is in a currency other than Canadian dollars, US dollars, or euros.?? In

22The revenue weight corresponds one-to-one with the wholesale establishment level.
23Note that this only affects a small number of observations.
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cases where the currency reported is either US dollars or euros, we apply the bilateral monthly
exchange rate and convert the price into Canadian dollars. We also drop cases where the firm-
product margin is less than 1, indicating that the selling price is lower than the purchase price, and
drop observations where the selling price or purchase price changes by more than 100% between
consecutive months. We drop cases where a single PID is reported for only one period in the data.

For cases where the “product change” flag is 1, we reclassify the product so that a new PID is
assigned. We drop observations where there is an “exclude” flag and cases where there is a “non
comparable” but not a “product change” flag (since these are reclassified as new products). We
also drop observations where the selling price or purchase prices is either missing or zero, and where
the establishment revenue weight is either missing or non-positive.

After all of these changes, we are left with roughly 280,000 observations in the cleaned sample.?

A.2 Additional descriptions of the data

The breakdown of the average number of products per firm across periods in our cleaned sample
is reported in Table A1l. We produce this by constructing a new variable equal to the number of
PIDs associated with each PPDID per period, and then tabulating the share of this variable in the

total sample that falls under 1, 2, 3, 4, and 5+.

Table Al: Number of products per firm in cleaned WSPI sample

1 2 3 4 5+
Share of firms 9% 15% 67% 3% 6%

Our sample covers 90 months, from January 2013 to December 2019. Table A2 reports the
number of observation per firm-product, calculated by creating a new variable that is equal to the
number of observations per PID in the sample and then classifying each PID according to which bin
this number falls into (e.g., 1-20, 2040, etc.). As depicted in the table, 75% of products include
more than 20 observation months. This feature of the data is attractive in that most of our analysis
will rely on product-level cross-time variation, and so a long sample period at the product level is

desirable.

24Most of the roughly 140,000 observations that are dropped are removed due to missing prices.
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Table A2: Number of observation months per firm-product in cleaned WSPI sample

1-20 21-40 41-60 61-80 &80-100
Share of observations 25%  24% 26%  20% 6%

Survey respondents are asked what currency the purchase price and selling price are reported
in. Table A3 reports the share of observations in the cleaned dataset that are reported in Canadian
dollars and US dollars. Roughly 96% (97%) of respondents report purchase (selling) prices in
Canadian dollars, and nearly all the rest report in US dollars. In cases where the currency reported
is either US dollars or euros, we apply the bilateral monthly exchange rate and convert the price
into Canadian dollars.

Table A3: Currency of prices reported in cleaned WSPI sample, shares

Purchase prices Selling prices

Canadian dollar 0.96 0.97
US dollar 0.04 0.03

In terms of the origin of the products reported in the data, we can group products into three
different types: domestic goods, goods imported from the US, and goods imported from non-
US countries. In the aggregate sample, 44% of goods originate from the domestic economy, 32%
originate from the US, and the remaining 25% (rounded) originate from other countries (non-US).
This breakdown, however, is different from industry to industry. Figure Al reports the breakdown
separately for each NAICS3 industry, where the heterogeneity is clear. For example, the domestic
economy is the top source of goods in most industries, but the US is the most common origin for
goods in the “Machinery, equipment and supplies” industry, and non-US foreign economies are the
most common origin for goods in the “Personal and household goods” industry. This heterogeneity
provides one foundation for heterogeneity in exposure to shocks across industries. For example,
industries that are more reliant on imported goods would be more exposed to exchange rate shocks
and foreign common shocks.

Figure A2 reports the average size of purchase and selling price changes in the sample for each

NAICS3 industry. The cross-industry heterogeneity in this figure is fairly similar to the pattern
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Figure Al: Origin of products by 3-digit NAICS wholesale industry

Notes: Reports the design-weighted mean of product origins across all observations in the sector.

observed in Figure 2, which reports the average fraction of price changes across industries. The
average size of price change is equal to the average fraction of price changes times the size of the
price change conditional on adjustment, so the positive correlation here indicates that the fraction
of price adjustments plays a large role in determining average price changes.

Figure A3 reports a histogram for the (log) margin across firm-products in our cleaned sample.
The important thing to note is that the distribution is far from uniform, indicating a high degree
of heterogeneity.

Figure A4 reports scatter plots for the correlation between selling and purchase price stickiness
across industries and products for NAICS4 and NAPCST classifications. The figure is very similar
to Figure 3 except, in this case, prices within each industry or product group are weighted by
sampling revenue. Overall, the results in Figure A4 are very similar to those provided in Figure 3.

Our analysis relies on firm and product classifications according to NAICS4 industry codes and
NAPCS7 product codes. The firms surveyed for the WSPI are each classified to a single NAICS
code under the 2-digit “wholesale trade” industry (NAICS 41). The complete list of 25 NAICS4
codes under NAICS 41 (i.e., the set of codes assigned to the firms in the WSPI survey) is reported

in Table A4. Each firm-product is assigned to a single NAPCS7 product code under the 3-digit
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Figure A2: Average size of price changes by 3-digit NAICS wholesale industry
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(a) 4-digit NAICS wholesale industry level (b) 7-digit NAPCS wholesale product level
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Figure A4: Selling and purchase price synchronization at the industry and product levels
(weighted)

product group “Wholesale services (except commissions)” (NAPCS 551). Our cleaned dataset
includes 166 NAPCST7 codes under NAPCS 551 (i.e., the set of codes assigned to the products in

the WSPI survey). See link for the complete list of NAPCS product codes.
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Table A4: 4-digit NAICS wholesale industries

NAICS ‘ Industry Description

4111
4121
4131
4132
4133
4134
4141
4142
4143
4144
4145
4151
4152
4153
4161
4162
4163
4171
4172
4173
4179
4181
4182
4183
4184
4189

Farm product merchant wholesalers

Petroleum and petroleum products merchant wholesalers

Food merchant wholesalers

Beverage merchant wholesalers

Cigarette and tobacco product merchant wholesalers

Cannabis merchant wholesalers

Textile, clothing and footwear merchant wholesalers

Home entertainment equipment and household appliance merchant wholesalers
Home furnishings merchant wholesalers

Personal goods merchant wholesalers

Pharmaceuticals, toiletries, cosmetics and sundries merchant wholesalers
Motor vehicle merchant wholesalers

New motor vehicle parts and accessories merchant wholesalers

Used motor vehicle parts and accessories merchant wholesalers

Electrical, plumbing, heating and air-conditioning equipment and supplies merchant wholesalers
Metal service centres

Lumber, millwork, hardware and other building supplies merchant wholesalers
Farm, lawn and garden machinery and equipment merchant wholesalers
Construction, forestry, mining, and industrial machinery, equipment and supplies merchant wholesalers
Computer and communications equipment and supplies merchant wholesalers
Other machinery, equipment and supplies merchant wholesalers

Recyclable material merchant wholesalers

Paper, paper product and disposable plastic product merchant wholesalers
Agricultural supplies merchant wholesalers

Chemical (except agricultural) and allied product merchant wholesalers

Other miscellaneous merchant wholesalers
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A.3 Measures of price stickiness and market power

Measures of the average degree of price stickiness are constructed as follows:?

1 5, 2rery @i {1 [AIn(Pye) # 0] + 1[AIn(Que) # 0}

Aj=1 ,  (Sector price stickiness)
2 Zielj ZtETij wg
| Yer, Sier, E (1AIN(Py) £0)+ 1[AN@y) 20}
Apj=1—2 s ,  (Firm price stickiness)
2 Ser, Sver, OF
ZEIf teTy; ~ij
1 A{L[AIn(Pj) # 0] + 1 [AIn(Q45¢) # 0
Aii =1— = ZtET” | Y ] | Y ]}, (Firm-product price stickiness)
! 2 1
ZtGTi]’

where I; and Iy denote the sets of firm-product observations in industry j and in firm f, respectively;
T;; denotes the set of months for which a price change from the previous month is observed for firm-
product ¢ in industry j; and wg-t is the economic weight of the firm, calculated as the establishment
revenue of the firm divided by the probability of selection. Intuitively, price stickiness is equal to
1 minus the average monthly fraction of adjusting prices at a sector, firm, or product level. As we
discussed in Section 3, the selling price stickiness is very similar to the purchase purchase stickiness
for most sectors and products. We take the average of the two measures to account for the small
discrepancy in some industries.

Unlike price stickiness, the market power of a firm is not directly observed in the data. According
to most models of imperfect competition, price markup is a suitable proxy for market power. In
our model, market power, summarized by strategic complementarity ;;, is linear in steady-state

. Vi .
price markup f;; = Wil = %ﬁ for any given 6:

0—1
Pij = <0 ,uij—l) (0 —1)

We exploit the distributor’s margin as the proxy for price markup to construct two dummies

25As discussed in Section 3, the degree of selling price stickiness is highly correlated with that of purchase price
stickiness. Using the purchase price stickiness measures yields similar results.
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that capture the variation in market power across and within sectors:

b 1 if u; € upper quartile of {y;} across all sectors,
J I
0 otherwise,
\
1 if p;; € upper quartile of {u;;} among all ¢ € I},
D;; = ;
0 otherwise,

Dier; 2teTy, whipije
J . . . . .
where p; = 1 Y- is the weighted mean margin across all firm-product observations in
Zielj ZtETij Wij

sector 7,29 and fij is the average margin of firm-product i. D; = 1 identifies the top quartile of

high-markup sectors, and D;; = 1 defines the top quartile of high-markup firms in sector j.

26Conditioning on observations with price changes yields similar average sector margins. Intuitively, if cumulative

positive and negative cost shocks over the firm-product’s price duration are roughly equal, the conditional and
unconditional sector margins are similar.
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Figure A5: Correlation between price stickiness and average margin

Notes: The figures illustrate the cross-industry correlation between the average price stickiness A; and the average
margin p;, with measures calculated at NAICS4 and NAPCS7 levels, respectively. The weighted measures

constructed use the economic weight wg
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A.4 Supplementary estimation results

Table A5: Pass-through estimates, 4-digit NAICS wholesale industries (unweighted)

(1) (2) (3) (4) (5) (6)

Common cost 0.76***  0.91**  0.91** 091" 0.96"**  0.98***
(0.028) (0.038) (0.038) (0.038) (0.031) (0.023)
Idio. cost 0.69***  0.74**  0.74**  0.74**  0.75"*  0.87***
(0.017)  (0.048) (0.048) (0.048)  (0.04)  (0.036)
Common cost x Sectoral stickiness -0.76**  -0.82"*  -0.76*"* -0.55"* -0.47**
(0.119)  (0.135) (0.126)  (0.11)  (0.098)
Idio. cost x Sectoral stickiness -0.10 -0.04 -0.04 -0.03 -0.10
(0.112)  (0.118) (0.116)  (0.101)  (0.093)
Common cost x Firm stickiness 0.16
(0.16)
Idio. cost x Firm stickiness -0.16**
(0.058)
Common cost x Firm-product stickiness 0.05
(0.144)
Idio. cost x Firm-product stickiness -0.19***
(0.056)
Common cost x High-margin industry -0.37**  -0.35***
(0.054)  (0.052)
Idio. cost x High-margin industry -0.22%**  -0.21***
(0.044)  (0.042)
Common cost x High-margin firm -0.14**
(0.053)
Idio. cost x High-margin firm -0.29***
(0.037)
Observations 136,085 136,085 136,085 136,085 136,085 136,085
Firm-product fixed effects v v v v v v
R? 0.48 0.48 0.48 0.48 0.49 0.5

Notes: This table presents estimates for pass-through of common shocks and idiosyncratic shocks, interacted with indicators
of sector /firm /firm-product stickiness and high sector /firm margins. The dependent variable is the firm-product selling price.
Estimates are based on monthly price data, are not weighted, and are conditional on selling price adjustment (cases where the
selling price is unchanged between periods are excluded). Common costs are identified via a first-stage regression of the firm-
product purchase price on a sector-time fixed effect, where sector is defined as the firm’s NAICS4 industry. Idiosyncratic
shocks are defined as the residual of this first-stage regression. Statistical significance, based on robust standard errors
clustered at the firm level, is reported at the 1, 5, or 10% level, which is indicated by *** ** or * respectively.
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Table A6: Pass-through estimates, 7-digit NAPCS wholesale products (unweighted)

(1)

(2)

(3)

(4)

(5)

(6)

Common cost 0.76"**  0.82**  0.82***  0.82***  (0.85"**  0.90***
(0.024) (0.042) (0.042) (0.043) (0.033) (0.024)
Idio. cost 0.69***  0.68***  0.69***  0.69***  0.69***  0.80*™**
(0.018)  (0.039) (0.0390 (0.038) (0.033) (0.027)
Common cost x Sectoral stickiness -0.26* -0.31* -0.26* -0.18 -0.13
(0.103)  (0.124) (0.118) (0.096) (0.079)
Idio. cost x Sectoral stickiness 0.02 0.09 0.09 0.12 0.09
(0.084)  (0.089) (0.088) (0.076) (0.068)
Common cost x Firm stickiness 0.12
(0.101)
Idio. cost x Firm stickiness -0.21%*
(0.061)
Common cost x Firm-product stickiness 0.03
(0.085)
Idio. cost x Firm-product stickiness -0.24***
(0.059)
Common cost x High-margin industry -0.24%  -0.24**
(0.096)  (0.085)
Idio. cost x High-margin industry -0.22%**  -0.23***
(0.049)  (0.048)
Common cost x High-margin firm -0.23***
(0.036)
Idio. cost x High-margin firm -0.31%**
(0.03)
Observations 133,620 133,620 133,620 133,620 133,620 133,620
Firm-product fixed effects v v v v v v
R? 0.48 0.48 0.48 0.48 0.49 0.51

Notes: This table presents estimates for pass-through of common shocks and idiosyncratic shocks, interacted with indicators
of sector/firm /firm-product stickiness and high sector/firm margins. The dependent variable is the firm-product selling price.
Estimates are based on monthly price data, are bot weighted, and are conditional on selling price adjustment (cases where
the selling price is unchanged between periods are excluded). Common costs are identified via a first-stage regression of
the firm-product purchase price on a product-time fixed effect, where product is defined as the firm-product’s NAPCS7
product code. Idiosyncratic shocks are defined as the residual of this first-stage regression. Statistical significance, based

on robust standard errors clustered at the firm level, is reported at the 1, 5, or 10% level, which is indicated by

* | respectively.

52

*kk k%
b b

or



(a) Common PT against price stickiness

~—

.8
]

Common PT
4
|

2
]

.6
]

Slope = -0.88***

AD =
® R"2=0.32

(c) Idiosyncratic PT against price stickiness

0 2 4 .6 .8
Price stickiness

[ ]
©l{e © ® .
K A |
Lo \‘\.\2:.\.
g o
5} L) L
s,
%) <4
kel L]
© [ ]
(\! -
PY SIo/E)e_= -0.23
o 4 R"2 =0.04
I I I I
0 2 4 .6 .8

Price stickiness

(b) Common PT against average margin

Common PT

2

Slope = -1.44***
3"2 =0.67

2 4 .6 8 1

Average margin (in log)

(d) Idiosyncratic PT against average margin

~

4 .6 8

Idiosyncratic PT

2

Sigpe =-0.93"**
R"2 =0.53

2

4

.6

8 1

Average margin (in Iog.)

Figure A6: Estimates at the 4-digit NAICS wholesale industry level (unweighted)
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Table A7: Variance decomposition of the pass-through rates

7-digit NAPCS

4-digit NAICS
Stickiness A; Margin p;

Stickiness A\; Margin p;

Common PT ®;

22.2% 30.4% 16.3% 16.7%
Idiosyncratic PT ¢,

26.7%F 55.0% 25.8% 37.4%

Notes: The table shows the contribution of price stickiness and average margin in explaining

the cross-industry variance in the pass-through rates, with measures defined at the NAICS4
industry and NAPCS7 product levels, respectively. The contribution of each variable is cal-
culated as |Cov(z;,y;)/Var(y;)|, where y; € {U;,%¢;} and z; € {A\j,u;}. T indicates the
statistic is not different from zero at the 10% significance level.

Table A8: Variance decomposition of the pass-through rates (unweighted)

4-digit NAICS
Stickiness A\; Margin p;

25.2% 37.9% 17.1% 19.0%
19.6%" 57.2% 19.1% 28.5%

Notes: The table shows the contribution of price stickiness and average margin in explaining
the cross-industry variance in the pass-through rates, with measures defined at the NAICS4
industry and NAPCST7 product levels, respectively. The contribution of each variable is cal-
culated as |Cov(z;,y;)/Var(y;)|, where y; € {¥;,¢;} and ; € {A;,p;}. T indicates the
statistic is not different from zero at the 10% significance level.

7-digit NAPCS
Stickiness A\; Margin p;

Common PT ®;
Idiosyncratic PT ¢;
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A.5 Discussion of approximation of the marginal cost by the purchase price

Our baseline analysis assumes that the observed purchase price is a good proxy for the true
marginal cost of the product sold. In the context of the wholesale industry, we believe this is
a reasonable assumption. Nonetheless, in this subsection we discuss the implications when this
assumption no longer holds.

Consider a more general setting where the marginal cost of firm-product ¢ in sector j, MCjjq,
comprises two components: (1) the observed purchase price @;j; and (2) the unobserved marginal
cost component X j;:

MCij = Q) X7 with ~ € (0,1]. (A1)

ijt<Nijt
Note that if the unobserved cost component X;;; is highly correlated with the observed compo-
nent, then the change in the observed purchase price @ijt remains a good proxy for the change in

the marginal cost J\/J\Cijt. Taking an extreme case where these two variables are perfectly correlated,

we have

]\/4\0@']% = 'YQ\ijt +(1— ’Y))A(z‘jt = @ijt- (A.2)

The potential problem arises when the two cost components are not perfectly correlated. In the

case where Corr(@ijt,)?ijt) = a, we have
MCije = Qg + (1 — ) Xije = [y + (1 = 7)a]Qie. (A.3)

In the model, firms reset prices according to their own and competitors’ marginal costs. If
the actual change in marginal cost is smaller than the observed purchase price change, then the
pass-through will be less than 100%. In a standard monopolistic competition Calvo model, the

pass-through rates to idiosyncratic v and common ¥ purchase price changes can be written as

Therefore, even without strategic complementarity, the measured pass-through to an idiosyn-

cratic purchase price shock can be incomplete because the purchase price only accounts for a portion
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of the true marginal cost. However, if this were true, the pass-through to the common purchase
price shock would be the same as the pass-through to the idiosyncratic purchase price shock, which
contradicts what we find in the data.

Through the lens of our oligopolistic competition Calvo model, the pass-through to a common

purchase price shock in a flexible price sector is

U=vy+(1-7)a. (A.5)

Our empirical estimate of W is very close to 1, which implies v 4 (1 — v)a ~ 1. In other
words, our empirical estimates suggest that the observed purchase price is a good proxy for the

unobserved marginal cost in the wholesale industry.
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B Model Appendix

B.1 General solutions when price changes are not synchronized with cost changes

We first solve for the firm’s optimal reset price in response to both common and idiosyncratic
cost shocks, without imposing the assumption of perfect synchronization in the timing of price and
cost adjustments. We then demonstrate that Proposition 1 represents a special case of the solutions
derived here. We begin by characterizing how the expected sectoral price reacts to an arbitrary set

of firm-level cost shocks, which follow the same AR(1) process:
@fjt = p@;’kjt—l + €ijt (B.1)

where €;;; are ex-ante mean zero shocks that can be correlated across firms. For example, a common
(sectoral) shock occurs when €;;; = 1 Vi € j, and an idiosyncratic shock occurs when ¢€;;; = 1 and
et =0Vk #1i € j.

We can re-express the sectoral Phillips curve (15) as a second-order difference equation in price

levels:

—BANA—N)
1 =+ ‘ngt)

By PJtJrT - )‘PJtJrT 1= B)‘( Jt+Tm+1 )‘ﬁjt+‘r } By Z l]t (ngt+r + SOZJtPJtJrT)

For any arbitrary set of realized shocks {€;;;} at t, the expected sectoral price at ¢ + 7 can be

solved as

p7+1 _ A7j+1

EtPjH‘T - p (1 — bjt) +A [/Bp()\ - P) - 1]

a; Q% VT >0, (B.2)
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where

1 1— by 1—b\?> 4
A= )\+5>\]\/<)\+ 6AJ> ik (B.3)
1-BN1=)) =~ . . .
aji = (Z ( (1ﬁ+)¢(>,-jt) )s,-thi‘jt> /Q%, with Q3 = ZsiﬁQ:ﬁ, (B.4)
sie(1— BA)(1 = A
bjt = Zsz'jtgoﬁ((l "‘B(sz(t) )' (B'5)

Plugging the expected sectoral prices back into the firm’s reset price (10), we have

i A;;rl aj @*
1—bj) + A[Bp(A — p) — 1] 777"

)2 1 - 62 i(m)f Qiji +
. — .. g
1jt,t 1+ Pije P 1Jt Pijt zgtp(

7=0

Solving the geometric series gives

)

5 1—-BA e vijt P — Nt
P — 0
T (1= BA) (L + pije)

4 . LO* B.6
ut toq wijt 1 — BANj; it @i (B:6)

where

_ 1—,3/\ Qjt
T 1=Brpp (L =bj) + A [Bp(A—p) 1]

%jt

Note that, under the case of symmetric firms and persistent shocks (p = 1), »;; = 1.

We can rewrite (B.6) as responses to idiosyncratic and common (or average) cost shocks:

-~ 1—pBA A 1—-pBA Pijt p— N ~
Py = (Q’?‘. _Qf>+[ j it O
VT (U= BAp) (L4 i) NI (1= BAp) (1 + i) L+ i L= BAN ]
PT to idiosyncratic shocks PT to common (or average) shocks
(B.8)

Due to strategic interactions, the effects of a cost shock on a firm’s optimal reset price can be
decomposed into two distinct components: (1) the impact of the cost shock on the firm’s optimal
price holding the average cost of the industry fixed; and (2) the effect of changes in the industry’s

average cost in the absence of idiosyncratic shocks.
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Proof of Proposition 1 in the main text. When the timing of price adjustment is per-
fectly synchronized with that of the cost changes, the firm’s expected future cost, when it has the

opportunity to reset its price, is
Et[Qijt4rt] = Qi V7 2> 0. (B.9)

This turns out to be a special case of (B.8) with p = 1. Intuitively, with perfectly synchronized price
and cost adjustments, the firm’s cost is fixed over the period in which its price is fixed. Therefore,

the optimal response is the same as that to a permanent cost shock:

5 1 A A 1 Pijt 1—Aj ajt =~
P, =— ( O ) + + J ( J ) J :
YEET i @ije = Qe [1 +wijt L4+ @i \1=B8M\j;) 1 =bjs + A[B(A—1) —1] @it

B.1.1 Two underlying shock processes

In this subsection, we show that a similar expression can be obtained when there are two
underlying shock processes. Specifically, we allow for two different AR(1) processes for the common
@Jct and idiosyncratic Q\i[jt components of the cost process @;‘jt, and arbitrary serial correlations in

the residual terms €j; and €;5; of these two AR(1) processes:

Qije = Qz‘ljt + Qﬁ (B.10)
Qli = piQl 1 + €ijt (B.11)
Q5 = pSQ5_1 + €5 (B.12)

Note that, due to the limited number of firms in a sector, the idiosyncratic shocks €;;; may
not sum to zero. As a result, we need to keep track of the evolution of both idiosyncratic and

aggregate shocks in deriving the expected change in sectoral prices. The expression becomes more
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complicated:

At jilo i Kot r

Etﬁ'tJrT = (B13)
J )\(Ath — ,OJI-)(AQ,jt - pjr')(Ath - pjc)(Ath B pjc)
with
Kjiyr = — dQ5i(p5) (A1 — 0§ ) (Ao — 0§) = a;6Q5(p5) ™ (M1 je — p}) (Aje — pf)
+ AT i (A e je(aieQliph + (A1 + Mo je) (e Q10§ + dinQSiph) + ;e Q1 (05)? + djsQSi(p])?
where
A‘:1_A+1—bjt_ o L b 2_5
Wt BA BA gl
A~:1_>\+1_bjt+ A L b * 4]
2072 BA BA Bl
1=BNA =N~ \ o~ . o~ _
ajr = Z ( )(H )Sithint /Qf; with QFf, = Zsithinm
i (1 + @zgt) i

~pit(1 = BA) (1 = A)

- V! (14 @ijt)
o A=8na=N)
djs = ZZ: 1+ o) Sijt-

Plugging (B.13) into equation (10), we can solve the optimal reset price as

5 1—PA Al Al 1—BA ©ijt I o~
Py = Io—Ql)+ Hi(p:)a| Q:
= B+ S%‘t)( = @) (L= BN (X + i) 1+ ije (73t | Qo
1—pBA Pijt C ~C
H;(p7 )d; ; B.14
=@+ ) | T )| Qi (B14)
where
A1 iAo (1 — BA —A;
Hji(p) = Lol = A)) Pt (0 aje (B.15)

AT = AgeBN(Aaje — p)(1— BAp) 1 — BAA

Therefore, as in the single shock case, the optimal reset price response to the cost shocks can be
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decomposed into idiosyncratic (the first term of (B.14)) and common (the second and third terms
of (B.14)) components. Note that the solution holds for any arbitrary realization of {e;;}, and €

and does not require the shocks to be independent.

B.2 An example of homogeneous duopoly sectors

Figure B1 illustrates the evolution of sectoral and aggregate prices in a model with homogeneous
duopoly sectors. Starting from the steady state at ¢ = 0, we characterize the exact price dynamics
in the model. As shown in the figure, at ¢ = 1 there are four types of sectors based on the price
adjustment patterns: (1) sectors where both firms adjusted their prices, denoted as [A, A]; (2)
sectors where only the first firm adjusted its price, denoted as [A, N]; (3) sectors where only the
second firm adjusted its price, denoted as [N, A]; and (4) sectors where neither firm adjusted their
prices, denoted as [V, N]. The proportions of these sectors are given by (1—\)2, (1—= X)), (1=,
and A2, respectively. It is evident that the realization of sectoral prices no longer follows Calvo due
to the limited number of firms and the discrete realization of Calvo fairies in each sector. However,
with a large enough number of similar sectors, the evolution of the aggregate price can still be

expressed in Calvo form as
Pr=(1-NPa+APiv=(1-X)[(1-\)Pua+ Aﬁ[A,Nﬂ +A [(1 ~ NPy + AP, (B.16)
with

Piya) = s1Payian + 52Paya
Pian = s1Paya,n) + 2P0
Pin.a) = 51P0 + 82Pa, (v, 4]

~

ﬁ[N,N] =5

where s; is the (within-sector) market share of firm 1 and ss is the (within-sector) market share of
firm 2; ﬁAlH 4,4] 1s the price change of firm 1 in the sector where both firms adjusted their prices,

etc. It is worth noting that, since the firm does not observe its competitor’s price in ¢ when making
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its price decision, we have

Payjiaa) = Payian) = Payjiag and  Pagjian) = Pagiv.a) = Pagjpar (B.17)

ﬁlA =(1- )\)ﬁ[A,A] + )\ﬁ[A,N] N,A] T+ )‘ﬁ[N»N]

Psaaa Piaan Piana Psann Psnaa Psnan Pinna PsnNN

Figure B1: Illustrating the realization of sectoral and aggregate prices

Notes: This figure illustrates the discrete realization of the sectoral prices in an economy with ex-ante symmetric
firms and homogeneous duopoly sectors.

Define

Pri= s (PA1|[A,A1 + PA1|[A,N1) + 52 (PAQHA,A] + PAQ\[N,AO = 51P4,)14,) + 52L5)[,4)-
We can rewrite the aggregate price as

Pl =(1—=\Pi1+ AP, (B.18)
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Similarly, we have
Py =(1-X)?Poaa+ (1 = NAPoan + A(1 = N Poya + A2 Poyn,

where

~

Poaa = (1= N?Paaaa + (1= NAPaaan + AL~ NPaava + NPaanng;
Poay = (1— )‘)Qﬁ[AN,AA] +(1 - )‘))\ﬁ[AN,AN] + A1 - )\)ﬁ[AN,NA} + /\213[AN,NN];
Poya=(1— >\)213[NA,AA] +(1- )‘)Aﬁ[NA,AN] +A(1 - A)ﬁ[NA,NA} + )\213[NA,NN];

Poyn = (1= AN)2Bynaa + (1= MABynan + A1 — NPy va + A2 Pyy -
With some arrangements, it can be shown that
Py=(1—\Pyy+ AP, (B.19)
where

ﬁzz =s1(1-2) [(1 - )\)ﬁAll[AA,A.} + AﬁAl‘[AA,N.]} + 514 {(1 - )\)ﬁAll[AN,A.} + AﬁAlHAN,N.]}

+ 51\ _(1 - )‘)ﬁAﬂ[NA,A.] + >\13A1|[NA,N.]

+ s2(1 = A) [(1 — N Poayjia.an) + )‘ISAzl[N.,AA]} + 52\ [(1 — M) Payja.an] + MSAQHN.,AN]]

+s2A (1 N Payia.na + AﬁAgHN,NA]_ :

Further iteration provides expressions for 13,5 when t > 3. The key takeaway is as follows:
although the exact price dynamics are complex, the aggregate price dynamics can be succinctly
represented in simple Calvo forms. As discussed in Section 2, three assumptions are crucial to
arriving at this result: (1) the frequency of price adjustment is fixed and independent of the firms’
pricing behaviour; (2) there is a sufficiently large number of similar sectors, allowing the law of large

numbers to be applicable; and (3) the shocks are small, ensuring that a first-order approximation

remains accurate.
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B.3 Simplified model with symmetric firms and homogeneous sectors

In this subsection, we discuss the aggregate price and output dynamics of our model using a
simplified closed-economy model with symmetric firms and homogeneous sectors.
We start by aggregating the sectoral prices. From (14), we know the expected sectoral price

follows

Et‘f)ﬂ'tﬁ‘T = (1 - )‘)Et-f)j't+7,t+r + )\Et-ﬁjt+7_1.

As illustrated in Appendix B.2, the realization of the sectoral prices depends on the realization of

the Calvo fairy, and in general,
iajt—i-T #(1— )\)ﬁjt+7',t+fr + /\ﬁjt—f—T—l'

However, if there is a large number of ex-ante identical sectors, the law of large numbers implies

that the aggregate price will still follow a Calvo process:

~ 1 ~ 1 ~ 1 ~ ~ ~
Pt+T = j Z PjtJrT = j Z(l - )\)Pjt+7,t+7— + j)\ Z Pjt+’r71 = (1 - )\)Pt+7',t+7' + )\PtJrTfla
J J J

where J is the number of ex-ante homogeneous sectors.
Similarly, we can aggregate the sectoral Phillips curve (15) and re-express it as a second-order

difference equation of aggregate price levels:

(1-6MNA =N

Aoy @+ eh). (.20)

P, — APi—1 — BA(Piy1 — AP) =

Under a permanent monetary supply shock at ¢ (i.e., ]\/Zt = 1), the desired producer price @;“

moves one-to-one with the shock:

Of =M, =1. (B.21)

Substituting (B.21) into (B.20), the aggregate price dynamics can be solved as

Pr—Pyr1=(1—AMA" and P,=1-A"t" (B.22)
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where

L2 LHA0 A +¢) _\/[1+)\<p+6)\()\+<p)r 4

B+ ) B+ 9) B (B.23)

Since P,Cy = My, the total cumulative change in consumption in response to a permanent

monetary supply shock at ¢ can be calculated as

Y Crr=Y (1-Pi)=> A= %,
7=0 7=0 =0

and the amplification relative to a standard Calvo model is given by

(B.24)

Figure (B2) illustrates the effect of strategic complementarity on price and output dynamics in
this homogeneous sector model.

Remarks. As ¢ — 0, the dynamics of the model converge to a standard Calvo model with
A — X. When the timing of price adjustment is perfectly synchronized with that of the cost
changes, the additional distribution layer of the model does not change the aggregate price and
output dynamics when distributors are monopolistically competitive. To see this, note that, under
the assumption of price and cost synchronization, the firm’s expected future cost over the period
in which its price is fixed is

EQuir = Qf (B.25)

and with monopolistically competitive distributors, the optimal reset price of the distributor (5)

becomes

Ee 22720 (BA) Octir __¢ Q; (B.26)

Py = E, Z:.;O (BX) (6 — D)etyrt/ Q5 R

which implies ]3,5,,5 = @Z In response to a permanent monetary policy shock, the price dynamics are

exactly the same as in the standard Calvo model with only monopolistically competitive producers:

P =(1=NQf + APy = (1 - \)M; + APy (B.27)
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(a) NKPC slope factor, 1/(1 + ¢) (b) Additional stickiness, A/\
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Figure B2: Effect of strategic complementarity on price and output dynamics in the homogeneous
sector model (relative to monopolistic competition)

67



Similarly, under the assumption of synchronized cost and price adjustments, our full model-—which
features oligopolistic competitors alongside monopolistic competitive producers—yields the same
aggregate dynamics as a model characterized by purely oligopolistic competition among producers
without the inclusion of distributors. Therefore, the assumption of synchronization between cost
and price adjustments not only mirrors the observed data characteristics of wholesalers but also
facilitates the comparison of our theoretical results with recent models that feature oligopolistic
competitors and no distributors (e.g., Mongey 2021, Wang and Werning 2022).

When the timing of price adjustments are perfectly synchronized with that of the cost changes,
the additional distribution layer of the model does not change the aggregate price and output dy-
namics. As we discussed above, under the assumption of perfectly synchronized cost and price ad-
justments, our full model-—which features oligopolistic competitors alongside monopolistic competi-
tive producers—yields the same aggregate dynamics as a model characterized by purely oligopolistic
competition among producers without the inclusion of distributors. Therefore, the assumption of
synchronization between cost and price adjustments not only mirrors the observed data character-
istics of wholesalers but also facilitates the comparison of our theoretical results with recent models
that feature oligopolistic competitors and no distributors (e.g., Mongey 2021, Wang and Werning
2022).

B.3.1 Multi-country version

The takeaways of the above results carry over in a multi-country version of the model. The key
difference in the multi-country version of the model is that a monetary policy shock or an exchange
rate shock can no longer be considered as a “common” shock. For example, a monetary policy
shock may not directly affect the costs of distributors that source their products from abroad, while
exchange rate movements may not directly influence the costs of distributors sourcing domestically.

Our theoretical result on sectoral prices (B.2) suggests that the impact of an unexpected mon-

etary policy shock (i.e., ]\//_Tt =1 and p = 1) depends on how it affects the average cost index of the
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industry @;t:

+1 T+1
pr =AY

Bl = ) T A B —p) — 1]

a;;Q ~ (1- A" Q5 vr>0 (B.28)

In a simple setting where the change in marginal cost J\/I?}’ijt = Z\/Zt = 1 for domestically sourced
firms and ]\/4\C’Z-jt = 0 for foreign-sourced firms, the change in the average cost index of the industry

@;t depends on the total market share of domestically sourced firms s;p:
Q5 = sjpM; = sjp. (B.29)

The aggregate price dynamics can be expressed as a function of the mean market share of domes-

tically sourced firms sp = Zj 8D,
Pryr = (1= A1) sp, (B.30)

and when ¢ — 0, we have IgH_T = (1 — /\TH) sp in a standard Calvo model. Therefore, although
the magnitude of price change is attenuated by the fact that not all firms are directly affected by
the monetary policy shock, the amplification effect of strategic complementarity relative to Calvo

remains the same.

B.4 Model with heterogeneous sectors

Let a, =) je» @ denote the total market share of sectors with market structure z. Assuming
a sufficiently large number of sectors in each structure type z, the price index for structure type z

can be expressed as

Z jt+T — Z 1- ]t+7’ t+7'+ —_ ZA P]t+T 1= (1 _)\Z)Pzt+T,t+T+)\ZPZt+T—1
% jex * jex ? jez
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where the law of large numbers is applied to derive the second equality. However, due to sectoral

heterogeneity, the aggregate price no longer follows the standard Calvo form:
Pr=> 0Py =) 0.(1-X)Pap+ > APy # (1= NP+ APy, (B.31)
2 z 2
where A = )" a.\.. Note that the last inequality occurs because ﬁzt is correlated with A,:
E[A:Pu] = EN:B[Pu] + Cov(As, Pay)

where the expectation and covariance are taken over sectors z. To be more concrete, note that

(B.31) can be rewritten as

1375 =(1- )\)ﬁt,t + /\Ist_l + Cov(As, ﬁzt_l) — Cov(As, ﬁzt,t)

~ ~ ~ 1
=(1—=MNPit +AP,—1 + Cov(\;, Pyt—1) — Cov [/\Z, 1

N N 1 SN
=(1—=NPi+AP—1 — Cov [Az, 1T (Pzt - Pzt1>:|

where A =) a;\; and Cov [)\Z, ﬁ (]Szt — ﬁzt_lﬂ represent the additional price stickiness due

to sectoral heterogeneity. Under a permanent monetary policy shock, we have

1—-A,

ﬁt = (1 —)\)ﬁti‘i‘)\ﬁtfl — Cov |:)\Z’1—A

Ag] (B.32)
Alternatively, we can express this as a function of our derived closed-form sectoral solutions:

Pr=) 0.Puir = ox[l— (M) =1-T,(A) T =1— (A +(1-71,) (M) (B.33)

T4+1
where A=) a,A;;and T, = Zzi%ff > 1;V7 > 0 represents the further price stickiness due to
sectoral heterogeneity. In the special case of monopolistic competition and a uniform distribution
of price stickiness [i.e., A, = A, ~ U(0, )], the additional price stickiness can be expressed as T, =

2T+1

5 > 1;¥7 > 0. Note that as 7 — 0o, T — oo but (1 — T, )ATH = (Tlﬂ - #) o™t = 0. As
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illustrated in Figure B3, the amplification in aggregate price stickiness is time specific and can be

substantial even under monopolistic competition.

X A=w/2=0.3 | |
A r=w/2=04

—0.14 - - r=w/2=05 ||
|- | | | | | | | | | |

012 4 6 8 10 12 14 16 18 20 22 24

Periods after the shock 7

Figure B3: Effect of sectoral heterogeneity on aggregate price dynamics under standard Calvo

How does strategic complementarity affect this amplification effect? For clarity, we decompose
this question into two parts: (1) the effect of strategic complementarity when there is no sectoral
heterogeneity in market power ¢, = ¢; and (2) the additional effect of heterogeneity in market
power when ¢, # ¢. Unfortunately, since A(A, ¢) is a non-linear function in price stickiness A and
market power ¢, there is no simple analytical solution when ¢ % 0. We thus turn to numerically
calculate 1.

We now proceed to match the heterogeneity in sectoral price stickiness and market power in
our wholesale data. Specifically, we calculate the sectoral market power using the estimated pass-
through to idiosyncratic cost shocks in each sector, i.e., pFst =1 — ﬁ The following figures and

tables show the counterpart statistics of those reported in 5, calculated based on the unweighted

statistics.
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(a) Price reduction due to sectoral heterogeneity

(b) Output response
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Figure B4: Amplification due to strategic complementarity in a multi-sector oligopoly model
(moments matched to unweighted NAPCS7 data)
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Table B1: Statistics in a multi-sector oligopoly model with sticky prices (based on unweighted

moments)
Baseline x Relative to Baseline
Statistic 0C(1) MC(J) OC(J) OC(J)
()‘a 90) (>‘ja Y= 0) ()‘jv SD) (>‘j7 (103')

MC(1)
(>‘a P = O)
| (1) | (2) (3) (4) (5)

(a) NAPCS7 products

Output Response 0.84 1.27 1.37 1.71 2.11
Price Stickiness 0.46 1.13 1.17 1.29 1.40
Slope of NKPC 0.64 0.70 0.63 0.44 0.31

(b) NAICSY sectors

Output Response 0.79 1.28 1.21 1.52 1.81
Price Stickiness 0.44 1.14 1.11 1.24 1.34
Slope of NKPC 0.71 0.70 0.76 0.53 0.41

Notes: The table provides model statistics based on unweighted estimates from NAPCS7 products (Panel (a))

and NAICS4 industries (Panel (b)). The first row of each panel reports the cumulative response of aggregate
output (in %) to an unanticipated permanent 1% increase in money supply. The second row of each panel
reports price stickiness A in a standard monopolistically competitive model in column (1) that implies the
output response in the alternative version of the model. The third row of each panel reports the implied
slope of the NKPC. Column (1) gives the statistics for the standard one-sector Calvo model with monopolistic
competition (“MC(1)”), where price stickiness is equal to the weighted mean price stickiness in the data.
Statistics for models in columns (2)—(5) are expressed relative to statistics for MC(1). Column (2) reports
the results for an oligopolistically competitive model with homogeneous sectors (“OC(1)”), where X is set to
the weighted mean price stickiness in the data and ¢ = 0.43. Column (3) reports statistics for an MC model
with heterogeneous sectors (“MC(J)”), where the price stickiness in each sector is calibrated to match the
data. Column (4) reports statistics for an OC model with heterogeneity in price stickiness and homogeneous
market power, where ¢ = 0.43. Column (5) reports statistics for an OC model with heterogeneity in both
price stickiness and market power, calibrated to match the estimates in the data.
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B.5 Mapping to Amiti, Itskhoki and Konings (2019)
B.5.1 Background—The AIK framework

AIK provide a general static framework that decomposes a firm’s price responses into two
components: (1) the reaction to its own cost shocks and (2) the reaction to its competitors’ price
adjustments. The core theoretical insights of this framework are encapsulated in their Propositions
1 and 2, which are succinctly restated below. These findings are applicable to all industries, and
for the sake of brevity we omit the industry-specific subscript j.

AIK Proposition 1 For any given invertible demand system and competition structure, there
exists a markup function pi = p; (pit, P—it; &), such that the firm’s static profit-mazximizing price
Dit 18 the solution to the following fixed-point equation for any given price vector of the competitors
D—it-

Dit = mcit + i (Pit, P—it; &) (B.34)

where & = (&1¢, ---, ENt) 18 a vector of exogenous demand shifters and N is the number of firms in
the industry.

Totally differentiating the best response condition (B.34) around some admissible point (p;;, p—it; &),
e.g., any equilibrium point (p; €;), we obtain the following decomposition for the firm’s log price

differential:

a,ui (pt; St) am; (Pt; Et) al 8Mz‘ (Pt% 57&)
di:dmci—l—idi-l-gid +57d B.35
Dit t i Dit £ Opre Pkt = y Skt ( )

The markup function u;(-) can be evaluated for an arbitrary price vector p; = (pit, p—it), and
therefore (B.35) characterizes all possible perturbations to the firm’s price in response to shocks to
its marginal cost dmc;, the prices of its competitors {dpg }, ;» and the demand shifters {d{kt}évzl.
Solving the fixed point for dp; in (B.35) results in:

1 T'_; 1
dp;t = ——— dmg; ——— dp_; — B.36
Dit 141, me;: + 1+ 1Ty, p_it + 1+1Ty Eit, ( )
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where
_3Mz‘8(pt;§t) and T_j = Z O (pt; Et)’
Dit Py Opit

wy = OWi (i &) [Ope
' Zk;ﬁi Opi (pe; &) /Oprt”

Fit =

dp_it = Zwkt dpre  with
ki

N

o Oui (pt; &)
Eit = ’; agkt dgkt

AIK Proposition 2 (i) If the log expenditure function p; is a sufficient statistic for competitor
prices, i.e., if the demand can be written as qix = q; (pit, pt; &), then the weights in the competitor
price index are proportional to the competitor revenue market shares sy, for k # i, and given by

wit = Skt/ (1 — sge). Therefore, the index of competitor price changes simplifies to

Stk
dp_it = Z T tskt dpt- (B.37)
ki

(i) Under the stronger assumption that the perceived demand elasticity is a function of the price
of the firm relative to the industry expenditure function, o = o; (pit — pt; &), the following two
markup elasticities are equal:

Ffit = Fit- (B?)S)

A key implication of Proposition 2 is that, under the relatively mild conditions imposed by
ATK, the pass-through to the firm’s own cost shock and the firm’s competitors’ price changes (i.e.,
the first two coefficients in the price decomposition (B.36)) should sum to one:

1 | RN
+ —
1+ 14Ty

(B.39)

AIK empirically test (B.39) with Belgium data and find strong empirical support of this theoretical
relationship.

Remarks. 1t is worth noting that the decomposition (B.36) cannot be applied directly in empir-
ical estimations. This is because in an oligopolistic competition model the firms’ prices are jointly

determined. Since a firm’s competitors’ price changes dp_;; are endogenous and depend on the
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firm’s price change dp;;, directly estimating (B.36) can result in substantial bias. To address this
concern, AIK use proxies of the competitors’ cost changes as instruments for the competitors’ price

changes.

B.5.2 Response to cost shocks under the AIK framework

The fundamental reason for the need of an instrument is that the decomposition (B.36) is an
“unsolved” version of the equilibrium conditions because it writes the firm’s price change as a
function of the endogenous variable dp_;;. In what follows, we derive the corresponding “solved”
version of the decomposition in terms of exogenous shocks.

First, note that we can rewrite the price change decomposition (B.36) as follows:

1

dpir = dme; " dp_ :
Dit 1+ Fit mcit + 1+ Fit D—it + 1 + Fit Eit
1 t
& dpi = dme; “— dp_; ; B.40
Dit 1+ 1y, mc;t + 141y, p_it + 1+ 1Ty Eit ( )
<~ (1 — Sit)(]- + Fit)dpit = (1 - Szt) dmcit + Fit Z Skt dpkt + (1 - Sit)git (B41)
k#1
1 — s; | 1 —si
s dpp=— 0 dmey + —— 2 dpp+ ———— g, B.42
P T S + T P ATy T ey ( )

where (B.40) uses relationship (B.38); (B.41) uses relationship (B.37); and (B.42) uses the definition
of the sectoral price index such that dp; = )", sir dpre. Note that the only endogenous variable
in (B.42) is the changes in the sectoral price index dp;.

Next, to solve for dp;, we aggregate expression (B.42) across all firms:

Szt( Szt ztszt Szt Szt
Sirdpir = dme; + p: + it B.43
; it CPit Zl—sit—FFZt it Zl—szt—i-th P Zl—szt'i‘Fn ( )

Rearranging (B.43), we can express the changes in the sectoral price index dp; as a function of

exogenous marginal cost and demand shocks:

dp: = Z it dmeg + Z Pit€it (B.44)
i p
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with
1-— Sit

_ PitSit
1 —si+ Ty

and QO = —————,
i Zk Pkt Skt

Pit

where, as we show below in (B.47), ¢;; > 0 is the firm’s response to idiosyncratic shocks and A;; > 0
is the implicit importance weight of the idiosyncratic shocks with >, ¢ = 1. When g4 = 0 Vi,
expression (B.44) is equivalent to the expression in Proposition 3 of AIK.

Finally, substitute (B.44) into (B.42) and we get the solved version of the price change decom-

position:

dpit = [pit + (1 — i) @ir) [ dmeir + €]+ (1 — pir) Z Ot dmeg + Z PrtEkt (B.45)
ki ki

pass-through to own cost and demand shocks  pass-through to competitors’ cost and demand shocks

It can be shown that, under a common cost or demand shock, the price pass-through of each firm

is 100% as
[pit + (1 = it)pit] + (1 — @it) Z Pkt = 1.
ki
Defining the common cost and demand shocks as
dme; = Z oit dmey  and & = Z DitEit, (B.46)

7 %

the price change decomposition can be re-expressed in terms of common versus idiosyncratic shocks:

dpit = ir(dmey — dmey) + dmey + pi(ei — €1) + €. (B.47)

The first term of (B.47) shows that, in this static framework, the pass-through rate to a common
cost shock is always equal to 100%. The second term shows that the pass-through rate to an
idiosyncratic cost shock (dme;; — dme;) is well defined and given by ¢;. Under the structural
assumptions of Atkeson and Burstein (2008), g is a strictly decreasing function of market share
si¢. Intuitively, this is because large firms with market power absorb part of their cost shocks into

markups, while small firms do not adjust markups and thus fully pass-through any idiosyncratic
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cost shock. It is worth noting that, different from I';;, which is hump-shaped in market share, @;;

is a strictly decreasing function of market share (see Figure B6).%"

['(s): markup elasticity w.r.t. own price ©(s): price elasticity w.r.t. idio. cost shock
4 [ [ [ 1 T T T T T |
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Figure B6: Market share and key elasticities

Note: The two figures plot I'(s) and ¢(s) under the nested-CES demand preference of Atkeson and Burstein (2008),
where the within-industry elasticity of substitution is set to 10 and the cross-industry elasticity of substitution is set
to 1.2

Unlike AIK’s original decomposition (B.36), our decomposition (B.47) involves no endogenous
variable and thus does not need an instrument. Assuming the demand shocks are exogenous and
iid. (as in AIK), equation (B.47) can be directly estimated using OLS provided that a good

measure of the common cost shock dme; can be constructed.

B.5.3 Cournot vs Bertrand Competition

Consistent with the literature, we have assumed Cournot competition in our baseline model as
it tends to better match the relationship between the estimated pass-through rates and empirical
market share distributions (see Atkeson and Burstein 2008 and Amiti, Itskhoki and Konings 2019).

Figure B7 contrasts the sufficient statistic ¢ (0, s) in our model under Bertrand and Cournot compe-

2"From the definition of s = 1/[1 4+ T'(si)/(1 — si)], we see there are two market share effects as a firm becomes
larger: (1) a direct market share effect captured by (1 — s;:) and (2) an indirect effect through markup adjustment
captured by I'(s;+). The two effects go in the same direction and reduce price pass-through to an idiosyncratic shock
until the firm becomes extremely large (e.g., when it accounts for over 80% of the market share). For those extremely
large firms, the two effects go in opposite directions: as a firm becomes extremely large it cares less about the cost
shocks of other smaller firms (captured by effect 1) and makes smaller markup adjustments (captured by effect 2). It
turns out that the direct effect (1) dominates as a firm becomes extremely large, and therefore the price pass-through
to an idiosyncratic shock is strictly decreasing in the firm’s market share.
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tition. We observe that Cournot competition results in larger strategic complementarity (measured
by ) for a given market share, s, and is more sensitive to the assumed elasticity of substitution, 6.
The first two panels of Figure B8 illustrate the theoretical pass-through rate to idiosyncratic cost
shocks, 1/(1 4 ¢), at different market shares, s, and elasticity of substitution, €, under Cournot
competition. Panel (c) of Figure B8 provides all the market share and elasticity combinations that

yield an empirical coefficient of 0.7.

(a) Bertrand (b) Cournot
T T 8 ] T
1.6 |- 1.6 H S o= -
I || A0 |
1.4 1.4 NP
1.2 1.2 i
— :<
/(;Dt 1 | ot /u?“ 1 R/ ) W /. (O _ET_ _—_0~'_)7
% 0.8 |- % 0.8 -
0.6 |- 0.6 Our data:
0.4} . G A 04 =7/ X mm E1.=07
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Figure B7: Sufficient statistic ¢(6, s) under Bertrand vs Cournot competition
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Idiosyncratic PT, 1/(1 + ¢)
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(b) Fixing market share s = 0.05
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(¢) Market share and elasticity combinations that yield an empirical coefficient = 0.7
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Figure B8: Theoretical responses to idio. cost shocks 1/(1 4+ ¢) under Cournot competition
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