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Abstract

How do market power and nominal price rigidity influence inflation dynamics? We formu-
late 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. Us-
ing confidential micro data for Canadian wholesale firms, we estimate that idiosyncratic cost
pass-through is incomplete and independent of the sector price stickiness, while common cost
pass-through declines with price stickiness. These estimates imply a degree of strategic com-
plementarity that lowers the slope of the New Keynesian Phillips curve by 30% in a one-sector

model and by 64% in a multi-sector model.
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1 Introduction

How does market power influence inflation dynamics and the transmission of monetary policy
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 Werning, 2022).
They demonstrate how strategic pricing complementarities among oligopolistic firms can dampen
price adjustments and amplify real effects of monetary policy. 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 competition (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 question how nominal rigidities and
market power in oligopolistic markets jointly influence inflation dynamics.

In this paper, we address this question by examining, both theoretically and empirically, the
effects of nominal price rigidities and market power on pricing decisions of oligopolistically compet-
itive wholesale trade firms. We first formulate a tractable model of oligopolistic competition and
sticky prices. We derive closed-form expressions for how market power and nominal price rigidity
influence the price pass-through of idiosyncratic and common cost shocks. In the empirical part,
we test these relationships using detailed micro data for Canadian wholesale firms and find strong
support for the theoretical predictions of the model. In particular, we find the 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 market
power lower the pass-through of each type of cost shock. When incorporated in a calibrated one-
sector model, these estimates imply a degree of strategic complementarity that decreases the slope
of the New Keynesian Phillips curve (NKPC) by 30%. In a multi-sector model that accounts for
observed positive cross-sectional correlation between price rigidity and market power, the slope is
lower by 64%. These results imply an important role of the joint distribution of market power and
nominal price rigidity for inflation dynamics and the transmission of monetary policy.

In the theoretical part of the paper, our model builds on recent literature of aggregated models
with oligopolistic markets.! 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 synchronized, which

we show is largely the case in the data. We derive a closed-form expression for the distributor’s

Like Wang and Werning (2022), we have Calvo sticky prices under dynamic oligopolistic competition and, like
Mongey (2021), we study the price 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 paper contributes to the growing literature that incorporates
oligopolistic competition into macro models: Neiman (2011); Burstein, Carvalho and Grassi (2025); Hoynck, Li and
Zhang (2022); Alvarez, Lippi and Souganidis (2023); Ueda (2023); Ueda and Watanabe (2023); Baqaee, Farhi and
Sangani (2024).



adjusted 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
to adjust the markup, and therefore pass-through of the shock to prices is complete. However,
in sectors where prices are 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 (due to Calvo price rigidities) incentivizes an 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.

In the empirical part of the paper, we test these predictions using confidential micro price data
from Canadian wholesalers used by Statistics Canada to produce the Wholesale Services Price
Index (WSPI). Our monthly dataset includes roughly 14,000 individual products distributed by
1,800 wholesale firms between January 2013 and December 2019. We classify “sectors” according
to either the 4-digit North American Industry Classification 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 at 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 the selling to the purchase price—the distributor’s product margin—provides a
direct measure of the 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 begin by decomposing the purchase price changes faced by wholesalers into common and
idiosyncratic cost shocks using the approach in di Giovanni, Levchenko and Méjean (2014). 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 component. We then estimate
the pass-through of these shocks to wholesalers’ adjusted selling prices. Our empirical framework
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 margin as a reliable measure
of market power; (3) it distinguishes pass-through of idiosyncratic and common cost shocks; and
(4) it exploits variation in price stickiness and market power across and within sectors.

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. The pass-through averages about 70%, reflecting significant strategic pricing complementar-
ities. On the other hand, the pass-through of the common cost shock decreases with sector price
stickiness, as our model predicts. For a sector with flexible prices, the pass-through is close to
1, consistent with the findings in Amiti, Itskhoki and Konings (2019). As sector price stickiness
increases, pass-through declines quickly: for each additional 10 percentage point fall in price flex-
ibility, the common cost pass-through falls by 10 percentage points across NAICS4 industries (by
3 percentage points across NAPCS7 products). These results are primarily driven by sector-level
price stickiness, rather than firm or firm-product stickiness. We also find that a higher degree of
sector or firm market power reduces the pass-through of both types of cost shocks.

Finally, we complement the contemporaneous pass-through results with an examination of the
dynamic evolution of cost pass-through using local projections (Jorda, 2005). To guide the empirical
specification, we extend the model and derive closed-form expressions for cost pass-through to selling
prices that are reset in the months following a shock. The model predicts that when the shock is
transitory, pass-through of both common and idiosyncratic shocks should decay over time. We find
clear empirical support for this prediction, as well as model-consistent variation with the degree of
market power and sectoral price stickiness.

Our empirical findings have important implications for inflation dynamics. Under oligopolistic
competition, the slope of the NKPC in the one-sector model is reduced by 30% due to strategic
complementarities implied by our estimates from the micro data. When market power and nominal
price rigidity vary across sectors, there is an additional flattening of the aggregate NKPC and
larger monetary non-neutrality. The slope of the NKPC in the multi-sector model that matches
heterogeneity in price stickiness and strategic complementarity across NAICS4 (NAPCST7) sectors
is only one-third (one-fourth) of the slope in the standard one-sector model without real rigidities.

The additional price sluggishness in the multi-sector model is due to the interaction of hetero-
geneity in price stickiness and strategic complementarity across firms and sectors (Carvalho, 2006).
Right after an unanticipated permanent increase in the money supply, 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 mechanism, which stems from the positive correlation between nom-
inal price rigidity and strategic complementarity across sectors that we observe in the data. Since
sticky-price sectors tend to be more concentrated, price adjustments after the shock become both
less frequent and smaller, further dampening the aggregate price response. Quantitatively, this
additional sluggishness is similar to Carvalho (2006)’s effect from heterogeneity in price stickiness.

In light of the secular rise in market power documented in De Loecker, Eeckhout and Unger
(2020), these results also have implications for how the transmission of shocks has changed over
time. Using time series data on U.S. markups from that study and price-change frequency from
Nakamura, Steinsson, Sun and Villar (2018), we trace the implied evolution of the NKPC over the
19782017 period. In the model with heterogeneous market power but uniform price rigidity, the
slope of the NKPC decreases by 34% over this period whereas the standard NKPC predicts almost



no change, highlighting the impact of rising market power. Adding heterogeneity in price stickiness
and assuming time-invariant cross-sectional correlation between markups and price stickiness has
mainly a level effect on the implied slope, lowering it by around 25% for the entire period.

The contributions of this paper lie at the 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. Although recent
papers (Mongey, 2021; Wang and Werning, 2022) have highlighted some possible mechanisms link-
ing 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 the
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. Our
empirical evidence 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 the firm’s price.
In a related paper, Gagliardone, Gertler, Lenzu and Tielens (2025) extend and enrich the annual
dataset used by Amiti, Itskhoki and Konings (2019). They estimate high pass-through of marginal
costs into prices, showing that the implied NKPC slope is relatively high. We demonstrate, both
theoretically and empirically, that the pass-through depends on variation in nominal price rigidity
and market power across and within sectors. We show that accounting for heterogeneity in price
stickiness and market power substantially lowers the slope of the NKPC.

Lastly, 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 a higher frequency of price adjustments in the U.S.

import price micro data tend to have higher long-run exchange rate pass-through. They argue that

20ur paper relates to literature that examines how firm markup adjustments influence the transmission of monetary
policy based on estimates from micro data, including most recently Aruoba, Oue, Saffie and Willis (2024), Aruoba,
Fernandez, Guzmdn, Pastén and Saffie (2024), Baqaee, Farhi and Sangani (2024), Meier and Reinelt (2024), and
Gagliardone, Gertler, Lenzu and Tielens (2025). It also connects to a macro literature that emphasizes the role of the
distribution margin in the transmission of domestic or international shocks: 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); Ganapati (2025); or
the transmission of firm-level shocks, e.g., Dedola, Osbat and Reinelt (2025).



monopolistically 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 additional 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 distributor cost changes into
idiosyncratic and common components, presents our estimation method, and reports the estimation
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 costs and costs of competitors. The pass-through of the idiosyncratic com-
ponent of the firm’s cost shock is incomplete due to strategic pricing complementarity arising
endogenously under oligopolistic competition. The pass-through of the common component of the
firm’s cost shock 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 summarize the key

assumptions and features of the model. We relegate the remaining details to Online Appendix D.

2.1 Model outline

Households. There are infinitely many identical households who derive utility from consum-
ing a basket of J final goods cj;, j = 1,...,J, and dis-utility from working /; hours, at wage
Wi, We assume unit elasticity of substitution between sectors in aggregate consumption ¢; =
II j cjatj ,  with Zj a; = 1. Households with discount factor 3 hold cash M;, government bonds
B, returning risk-free rate R;, 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 < Wily + Ry 1By + M1 — Z Pji_1cji—1 + 11,
=1



cash-in-advance constraints for consumption spending Z}']ﬂ Pjicjy < My, and the lower-bound
constraints on the risk-free rate R; > 1.

Pt
Pret
price of the bundle ¢;. Assuming that the risk-free rate constraint is never binding, we obtain two

The optimal consumption spending shares are constant: = «j, where P; denotes the

standard first-order conditions. Total consumption is characterized by the Euler equation:

P,
1 = BRIE, [tc’f] :
Piyicia
and the optimal labour supply satisfies
Wt:PtCt :Mt. (1)

Sector output and prices. The production sector consists of producers who supply differen-
tiated inputs to oligopolistically 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 constant sector expenditure shares and one-to-one transmission of
monetary policy change to the wage and total expenditure as in (1). This allows us to analyze
price dynamics in a sector independently from prices in other sectors.

The output in sector j, cjs, is aggregated over goods supplied by a finite number INV; of distrib-

utors using a constant elasticity of substitution (CES) technology:

_0_
N -1

0—1
Cjt = Z(Cijt) 0 )

=1

where 6 is the within-sector elasticity of substitution, ¢;;; is the demand for distributor ¢’s output

from the consumer’s optimization problem,

—6
Pt P
Cijt = O - Ct»
Pj;

and Pj; is the price index for sector j:

Nj Nj 1-6
- Cijt 1-0
Pz Y (P ) = |3 (P
i=1 Jt i=1

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

Cijt = Yijt-

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



Distributors’ prices are sticky, where each period only a fraction 1 — A; of firms can change their
prices, assigned according to a Poisson process as in Calvo (1983). Similarly to Mongey (2021),
we assume that in period ¢ an adjusting firm observes marginal cost realizations for all firms, but
it does not observe price adjustments 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 within the period.
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. Expected
values conditional on the information at the beginning of period ¢ are denoted by operator E;.

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

. _ B > 720 (BA)" DijesrCijerr
IET B 220 (BA)T (Digerr — 1)eijiqr/Qijar

where E4; ;14 is the expected effective demand elasticity facing this distributor at t+7, 7 =0,1,.. .,

(2)

E [0(1 — Sijitr) + Sijitr) (under Bertrand competition)
Edijir = . . ) 3)
E, [5(1 — Sijt4r) + SinT] (under Cournot competition)

where [E;s;j4- is the period-t expected value of the market share of distributor ¢ in period ¢ + 7:

P.. +Ciitar
Eisijt4r = Ee [M] =E; (4)

Pjtyrciiir

(Pijesr)' ™" ]
A — .
Zizj1 (Pijt+7-)l o

Producers. Varieties are supplied to distributors by producers competing in monopolistically
competitive markets. We assume a producer’s price, @;;t, is sticky, changing according to a Poisson
process with probability 1 — )\;‘?2: when the price adjusts, the producer resets it to the frictionless
price ijt, equal to the constant markup over its marginal cost, otherwise the price remains equal
to the last period’s price, Q;j¢—1. Online Appendix D.1 provides a more detailed discussion of the

producer’s problem.

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

There are two challenges in solving (2) 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.

Strategic pricing complementarity. Under log-linear approximation of (3) and (4), the firm’s

expected markup Eip;jer = Ey ﬂziﬁjil depends on its reset price today and the expected sector
price in the future:
Etftiji+r = —ij | Pijt — E¢Pjiyr| (5)



where hatted variables represent log-linear deviations of corresponding variables from deterministic
steady state. Equation (5) shows that firms have an incentive to lower their markup as their price
is pushed above the sector average price, known as strategic pricing complementarity.®> Strategic
pricing complementarity arises endogenously in oligopolistic markets and its strength is summarized
by (the absolute value of) the markup elasticity ¢;; with respect to the firm’s price deviation from

the average price in the sector:

[9(1—sij)iﬁ¢j}(1—8ij) (0 —1) (under Bertrand competition) (©)

1iigij (0—-1) (under Cournot competition)

Pij =

In either case, ¢;; is increasing in firm ¢’s market share, s;;, i.e., pricing complementarity is stronger
with market power. As will become clear in the rest of this section and in Section 5, ¢;; is a key
statistic that governs micro and macro price dynamics under oligopolistic competition.

Plugging (5) in the log-linearized pricing equation (2) and rearranging yields the reset price as

the sum of the good’s expected costs and expected sector prices:

D 1_6/\3 >

it = 7 o2 (BA) T [EeQijitr + @i Et Pjtir). (7)

7=0

~

Expected sector prices. The expected average reset price in sector j in period ¢ is E. P}, =

~

E.>", sij Py, which, after using (7), becomes
=, 1—BA\) — p A ~
E.P, =Y Sijg > (BN) [BeQijerr + i EePresr] ¢ - (8)
- (1+ i) =
Under Calvo pricing, the expected sector price can be written as follows:

EPjiyr = Ey E Sijtr Pijttr

7

= (1 - )j)E, Z sijt+713{;-t+7 + N E; Z Sz‘jt+7—f)ijt+7——1
i i
~ (1 - ))E, Aft-s—T + AjEtﬁjt+T*17 ©)

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 s;;; on the sector price Pj; are at most second order.*

3See, for example, Kimball (1995), Atkeson and Burstein (2008), and Nakamura and Steinsson (2013).

“Intuitively, because market shares add up to 1, the 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
the market share of firm ¢ by ds;(4) and its price by dP;(9), and assume that firm prices are identical in steady state,
P; = P. The first-order effect of § on the weighted sum of prices is P}, ds;(0) + Y, sidP(5). Since market shares
must add up to 1, >, ds;(6) = 0, i.e., variation in market shares has at most a second-order effect on the weighted
mean.



Combining (8) and (9) gives the equation for expected sector inflation E;7j; = Et(ﬁjt - ]3]-,5_1):

(I=8X)1 =X ~ ~ ~
Ei7je = Z Sz] ﬁl +( ) j)Et(Qijt — Pjt) + BETji11. (10)

Given expected costs {Et@inT}i":O, equation (10) fully characterizes the dynamics of expected
sector prices {EtﬁjHT}i‘;O. Note that (10) is the sector NKPC. It holds in expectations because
the realized fraction of adjusting prices among finitely many firms varies over time even though
the probability of price changes is constant due to Calvo pricing. We follow Wang and Werning
(2022) and assume that the number of similar sectors is sufficiently large so that the variation in
the sector fraction of adjusting prices does not have a first-order effect on the aggregate price.
Solving the expected sector prices from (10) together with the individual firms’ price dynamics
from (7) allows us to derive the expression for the distributor’s optimal reset price in two steps.
Proposition 1 derives the reset price condition assuming that costs @ijt are flexible, i.e., @ijt = @fjt,
and follow an AR(1) process. Proposition 2 then derives the reset price condition assuming that

the costs @ijt are sticky, which will form the basis for our empirical analysis.

Proposition 1 Assume the producer’s price @ijt is flexible ()\JQ = 0) and follows an AR(1) pro-
cess with serial correlation pj. The distributor’s optimal reset price response to idiosyncratic and

common (average) cost changes, up to a first-order approximation, is given by

5 L 1-B\ (5 5 L, ey pA ] 18N
pr, = j <Qi’_Q')+|: 4 J j i, PG,
It 1+ 1= Brp; o9 L4+py 1495 1—BNA;7 _5)‘9103 "

Idiosyncratic cost pass-through Common cost pass-through

(11)

where @jt =), sij@ijt is the common (or average) cost change in sector j, Aj > X\ captures market

power augmented price stickiness in sector j, and »x; = 1 when firms are symmetric (s;; = s;):

1 1—b; 1-0:\%2 4
AjE§ Aj+ ﬁ)\jj—\/<)\j+ ,8/\]‘]) —B ) (12)

— a;
(1 =05) + N [Bpj(Aj — pj) — 1)

L A=A =X) 5 )\ /5.
aj = (; (1+90U) z]ngt) /Q]ta

N (= B - )
=T

%

(13)

Proof. See Online Appendiz D.3.

Proposition 1 demonstrates that in a dynamic oligopolistic competition model with price stickiness,
a firm’s current cost and its competitors’ current prices are no longer sufficient to characterize

the firm’s optimal price decision, as is the case in static oligopolistic competition models (Amiti,



Itskhoki and Konings, 2019). This is because some of the competitors’ current prices are not
adjusted, and therefore do not reflect the optimal response to their cost. Rather, the adjusting
firm recognizes that even if the competitor’s cost shock is not reflected in the competitor’s current
price, it may influence the competitor’s future price when it is adjusted.

Proposition 1 shows that in the dynamic setting with flexible producer prices, the firm’s id-
iosyncratic cost change @ijt - @jt and the average cost change @jt are sufficient to capture the
optimal pricing decision. In the data producer prices are sticky and highly synchronized with dis-

® Proposition 2 therefore derives the distributor’s

tributor prices, as we show in Section 3 below.
optimal reset price condition for the case with sticky costs under the assumption that the timing

of distributor and producer price adjustments are synchronized.b

Proposition 2 Let the timing of the producer and distributor price adjustments be determined by
the identical Poisson process with the parameter \; = )\?. The distributor’s optimal reset price

response to idiosyncratic and common cost shocks is

. 1 - - 1 Dii pi — N\ .
P.*.zi(i"._ *f>_|_ 4 i i~y 1o 14
17t 1 + 802] th Q]t |:1 + QDZ] 1 4 QDZ] 1— ,BA]A] %J th ( )
~——
Yij Wij

where V;; (W;5) denotes idiosyncratic (common) cost pass-through.

Proof. See Online Appendiz D.3.

With perfectly synchronized price and cost adjustments, the firm’s cost is fixed over the duration of
the price spell, and therefore, the adjusted price depends on the current cost. This implies that the
contemporaneous pass-through of the idiosyncratic shock does not depend on the persistence of the
shock p;. The contemporaneous common shock pass-through depends on p; because the adjusting
firm forms expectations of competitors’ future price adjustments given competitors’ current costs.”

Figure 1 illustrates the key properties of the pass-through of these shocks to the distributor’s

reset price under Proposition 2, for the case with symmetric firms and random walk shocks (p; = 1).

1
1+¢;?

with the degree of strategic complementarity ¢;, and it does not depend on the degree of price

.:#
.7_1+g0j+

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

stickiness in the sector. The common cost pass-through (in dashed red), denoted by ¥
%foj (%) »;, decreases with both strategic complementarity (albeit at a slower rate than ;)
and sector price stickiness.

Two special cases of equation (14) provide further intuition.

SInfrequent adjustment and high synchronization of upstream and downstream prices have also been documented
for the retail sector in Eichenbaum, Jaimovich and Rebelo (2011) and Goldberg and Hellerstein (2012).

S At the aggregate level, the assumption of perfectly synchronized price and cost adjustments effectively collapses
two layers of nominal rigidity—one at the producer level and the other at the distributor level—into a single layer,
making our model more comparable to models with only one layer of nominal rigidity (e.g., Wang and Werning 2022
and Mongey 2021). See Online Appendix E.2 for more details.

"The quantitative impact of changing the persistence p; on the contemporaneous common pass-through is small.
See Figure 6(b) at 7 = 0 for an illustration of the quantitative difference.
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Figure 1: Idiosyncratic and common cost shock pass-through (symmetric firms)

Notes: The figure plots pass-through coefficients given by equation (14) for symmetric firms and random walk
shocks (p; = 1). Panel (a) demonstrates variation over \; for ¢; = 0.4. Panel (b) shows variation over ¢; for

Aj = 0.4. The orange circles in Panel (a) indicate special case of flexible prices (A\; = 0). The black circle in Panel
(b) indicates special case of monopolistic competition.

Special case 1: Flexible prices, \; = 0:

~ 1

*

1 ©ij
pr - -
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+
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(@fjt - @jt) + [ X @;t

Under flexible prices, the model nests static models of oligopolistic competition in Atkeson and
Burstein (2008), Edmond, Midrigan and Xu (2015), and Amiti, Itskhoki and Konings (2019) [AIK].
Similarly to AIK, when firms are symmetric (s;; = s;, 2; = 1), the common shock pass-through
is complete (¥;; = 1) and independent of the degree of market power. 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 affect its market share. Such strategic motives are
absent when all competing firms are hit by the common shock, resulting in 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

81f @fjt — 0, 3; — 1 for any distribution of market power.
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limit their price deviation, implying lower common shock pass-through as shown in Figure 1(a). By
contrast, the firm’s own cost pass-through is not directly influenced by the composition of adjusters
and non-adjusters. Hence, idiosyncratic cost pass-through does not depend on the degree of price

stickiness.

Special case 2: Monopolistic competition. Taking the limit s;;; — 0 brings strategic com-
plementarity to zero (y;; — 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;; — 1,
U,;; — 1) by adjusting its price to changes in its cost: ﬁ;;t = @ijt = @;‘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 more costly for the firm to pass-through its own cost relative to the
common cost, since the latter also affects its competitors. Therefore, as market power increases,

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

Non-CES demand. Inthe benchmark model, strategic complementarities o; arise from oligopolis-
tic competition and nested CES demand as in Atkeson and Burstein (2008). Models with monopo-
listic competition and Kimball (1995) demand can also generate strategic complementarities via the
demand curve’s extra curvature, governed by a superelasticity parameter (Klenow and Willis, 2016).
As we discuss in Online Appendix D.7, a well-calibrated monopolistic competition Kimball-demand
model can replicate the sectoral and aggregate dynamics of the dynamic oligopolistic competition
model. This result is in line with Wang and Werning (2022): a monopolistic model with appro-
priately chosen Kimball demand provides an approximation to an oligopolistic reality. As Wang
and Werning (2022) argue, “Although this virtual equivalence is true and is useful in a reduced
form way, in a deeper sense, it does not imply that oligopoly is irrelevant.” One must choose the
Kimball demand preferences correctly, in a manner that depends on market power. The oligopolis-
tic framework we develop provides a detailed mapping from micro-evidence on pass-through and
markups to the reduced-form Kimball parameters driving these models, via estimated strategic

complementarities @;.

Feedback versus strategic effects. The equilibrium response of the distributor’s reset price
(14) reflects two types of strategic interactions, coined by Wang and Werning (2022) as the “feed-
back” and “strategic” effects. The feedback effect reflects the response to competitors’ price ad-
justments over the adjusting firm’s price horizon. The strategic effect reflects the responses of
competing firms’ future price adjustments to the firm’s adjusted price. Our solution accounts for
both effects.

As we demonstrate in detail in Online Appendix D.6, the strategic effect is quantitatively
small. Following the approach in Wang and Werning (2022), we construct a counterfactual “naive”
model where a firm resets its price as a function of its competitors’ prices in the same period and

forms statistically correct expectations about future sector price dynamics. By construction, the

12



difference in equilibrium price responses reflects the contributions of strategic effects. Similarly
to Wang and Werning (2022), we find the difference to be quantitatively small, less than 1% for
realistic calibrations. We also show that the log-linear approximation does not influence these
results. In Online Appendix D.9, we numerically solve a nonlinear duopoly model and compare
its equilibrium responses to the theoretical responses under the first-order approximation of our
benchmark model. We find that the difference is quantitatively small (less than 4%).

3 Canadian wholesale trade price micro data

This paper uses confidential survey-based price micro data used by Statistics Canada to con-
struct the monthly WSPI. 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 codes,
product-specific NAPCS 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 continuously monitoring each
product reported by a given establishment 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 have not been cleaned prior to receiving the data, and
none of the prices in our data are imputed. We exclude outliers and anomalies from the raw micro
data. For more information on the dataset and the data cleaning process, see Online Appendix
Al

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 40 monthly observations,
nearly all of which are consecutive. In terms of country of origin, the split across observations is
44% domestic, 32% United States, 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

9The 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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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, the weighted statistics or regressions in the paper use the sampling

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

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 at 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 the wholesaler product ¢ in sector j in month ¢ to represent the distribu-
tor’s output price P;j; in the model, and we use the purchase price to represent the producer’s price
Q;jt 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 (mean) monthly fraction of selling price changes is defined as

F’]“P _ Z’iEIj ZtETij w”g]]‘ [P'L]t ;é Rjt_l]

15)
D ) (
’ Zielj ZteTij Wij

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 (the inverse of the
probability of being selected for the survey); and 1 [P;j; # Pjji—1] is an indicator of a selling price
change for firm-product 7. The fraction of adjusting purchase prices F’I”]Q is constructed similarly.
We refer to \; =1 — FTJP ()\]Q =1- FTJQ) 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 across sectors and products is highly correlated for selling and purchase
prices. Figure 3 provides the corresponding scatter plots for NAICS4 and NAPCST7 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 \; ()\?)7 where j represents a sector according to NAICS4
industry classification (Panel (a)) or NAPCST product classification (Panel (b)).

This evidence suggests that selling price adjustments are highly synchronized with purchase
price adjustments. Table 1 provides the firm-product-level (unweighted) frequency of the change of
the selling price conditional on a change in the purchase price in the same month. Indeed, purchase
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. The derivation of the
closed-form solution (14) 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.
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Table 1: Synchronization at the firm-product level

Selling price change

Yes No
) Yes | 0.86 0.14
Purchase price change No | 0.25 0.75

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. The variation in

dispersion presented in the figure indicates that firms have different degrees of market power within

industries.
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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.

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

10 A similar approach is used in studies of retail price micro data, e.g., Eichenbaum, Jaimovich and Rebelo (2011),
Gopinath, Gourinchas, Hsieh and Li (2011), Aruoba, Fernandez, Guzman, Pastén and Saffie (2024), and Anderson,
Rebelo and Wong (Forthcoming).
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for why measurement issues do not significantly undermine our markup proxy. First, since wholesale
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 or inventory costs.!! Other indirect costs, such as the cost
of maintaining distribution facilities, should be less variable over short horizons and are unlikely
to contribute to the month-to-month marginal cost dynamics. Second, our empirical analysis uses
firm-product fixed effects to control for variation in unobserved cost components across firms and
products. Third, measurement error should render empirical estimates of idiosyncratic and common
shock pass-through rates to be similar; however, our evidence strongly rejects their equality. All in
all, we consider the firm-product margin as a reasonable markup proxy for the goals of this study

(see Online Appendix A.4 for further discussion).

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’ contemporaneous pass-through of these two shocks,
conditioning on a selling price change. We find strong support for our theoretical predictions: in
oligopolistic markets, 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. We also estimate the dynamic responses of reset prices following
the cost shocks.

4.1 Estimation strategy

In Section 2, we derived the closed-form relationship (14) 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 (14) in two steps. First, we decompose
purchase price changes into idiosyncratic and common components 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;jt) =
In(Qijt) — In(Qij¢—1), into common and idiosyncratic components by estimating an unweighted
fixed-effect OLS regression

Aln(Qijt) = €t + €ijt, (16)

where €j; are the sector-month fixed effects and ¢;;; is the residual. Estimated €;; captures the

average change in the purchase prices of all firm-product pairs in sector j in month ¢, referred to

"For 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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as the “common cost shock”; and €;; captures the idiosyncratic change in the purchase price of
firm-product 7 in sector j at month t, referred to as the “idiosyncratic cost shock.”!?

In the second step, we estimate the pass-through of these shocks to the wholesalers’ selling price
conditional on adjustment (A lIn(P;;;) # 0):

A ln(Pijt) = (\I’O + \I’l)\j + \1’2)\]0]‘ + \1’3)\1‘]' + \IJ4D]' + \I/5Dij) ‘gjt

Common cos:r pass-through
+ (Yo + 1 Nj + Yadpj + Ysij + YaDj + PsDyj) €t + FEij + vy, (17)

Idiosyncratic cost pass-through

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

In (17), 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 €;;; with three measures of price stickiness and two measures of market power. Price stickiness
Aj, Afjs Aij is equal to 1 minus the average monthly fraction of adjusting prices at the sector, firm,
or firm-product level, respectively. We use the distributor’s markup to proxy for its 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.'3 We estimate (17)
with a panel fixed-effects regression using all observations with non-zero selling price changes.

Specification (17) offers several advantages in estimating the joint contribution of price stickiness
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 markups of heterogeneous distributors in
concentrated markets. As a special case, (17) 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 data provides a direct measure of the price markup, which is a standard measure of market
power.' In addition, since in the data we observe distributor costs directly and these costs are
plausibly exogenous to distributors’ selling prices, we can estimate the theoretical relationship (11)
directly by a panel regression using (17). Studies using observed competitor prices for pass-through

estimation face an additional challenge of addressing endogeneity of competitors’ prices to the firm’s

12Since Aln(Qy;¢) = 0 for purchase prices that do not adjust in period ¢, the empirical shocks €;; and €;; are
approximations of the theoretical shocks in (14).

13Gee Online Appendix A.3 for more details on the construction of these variables.

!For empirical analysis, we prefer 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; on the other hand, markups in our dataset are observed at the firm-product level and at monthly frequency.
In our model, market power, summarized by strategic complementarity ¢;;, is linear in the steady-state price markup

pij = (%5tpi; —1) (0 -1).

18



price.!®

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 (14) demon-
strate that the combined effects of nominal price rigidity and market power on micro price ad-
justments vary across firm-products within a sector and across sectors. Detailed coverage of the
population of firm-products and sectors in our wholesale price data enables us to conduct empirical

analysis of these effects.

4.2 Estimation results by sector

We first estimate (17) separately for each of the NAICS4 industries and NAPCS7 products, i.e.,
we exploit variation within but not across sectors. Figure 5 provides scatter plots of the estimated
pass-through coefficients against price stickiness and the average markup of the NAICS4 sector
(NAPCST results are in Online Appendix B.1). 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 markup account for 53% (34%) of the variance in the common
cost pass-through across NAICS4 (NAPCST) sectors, and for 82% (65%) of the variance in the
idiosyncratic cost pass-through.!'%

The estimates for the common cost pass-through are in line with the model (Figure 1), which
predicts that pass-through declines with price stickiness and market power across sectors. Estimates
for idiosyncratic cost pass-through are less clearly aligned with the model. Although pass-through
significantly decreases with the average markup, the slope is not steeper than the 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.

However, the negative relationship between idiosyncratic cost pass-through and price stickiness
can be explained by the correlation between price stickiness and market power across sectors. In
Online Appendix A.3, we document that sectors with high average markup tend to have stickier

prices, with a slope of roughly 2/3: increasing a sector’s average log markup from 0.2 to 0.6

5For 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 Online
Appendix D.8.

5The contribution of each variable is calculated as |Cov(z;,y;)/Var(y;)|, where y; € {¥;,1;} and x; € {\;, s}
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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“ + eg‘zt + 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 (\I!f”, JESt) on the price stickiness A; or the average
markup p;. The slope and the R? of the fitted line are reported in the bottom right corner of each figure.
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corresponds to an increase in monthly price stickiness from 0.30 to 0.57, raising the average price
duration by roughly one month. To the extent that higher price stickiness reflects higher market
power (as opposed to higher price stickiness given market power), the slope in panel (c) of Figure

5 would be flatter if we controlled for the negative effect of market power on the pass-through.

4.3 Estimation results for all sectors

To incorporate cross-sector correlation, we now estimate (17) using observations in all sectors.
We focus on NAICS4 estimates as the main results (NAPCST results are briefly summarized in
Section 4.4 and described in detail in Online Appendix B.1). Table 2 provides estimated pass-
through coefficients that capture variation in price stickiness and market power both across and
within NAICS4 sectors.

Table 2: Pass-through estimates, 4-digit NAICS wholesale industries

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

Common cost 0.82*  1.01**t  1.007*t  1.007*T  1.08T 1.05%T
(0.089) (0.107) (0.107) (0.107)  (0.11)  (0.054)
Idio. cost 0.65™*  0.72**  0.72**  0.72**  0.75""*  0.88***
(0.028) (0.066) (0.066) (0.066) (0.056) (0.037)
Common cost X Sector stickiness -1.16**  -1.02*** -1.00"** -0.96**  -0.70**
(0.31)  (0.304) (0.3) (0.338)  (0.251)
Idio. cost x Sector 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-markup industry -0.29"*  -0.29**
(0.106)  (0.095)
Idio. cost x High-markup industry -0.25%**  -0.24***
(0.046)  (0.042)
Common cost x High-markup firm -0.05
(0.186)
Idio. cost x High-markup 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 estimated pass-through of common shocks and idiosyncratic shocks from (17) using observations

in all sectors. 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). Standard errors are clustered at the firm level. *** ** or * indicate the
coefficient is statistically different from zero at the 1, 5, or 10 percent significance levels respectively, whereas 1 indicates
the coefficient is not statistically different from one at the 1 percent significance level.
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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. 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.
Hence, the incomplete estimated common cost pass-through supports the theoretical prediction of
incomplete average pass-through at higher frequencies, i.e., when price rigidity is relevant.

To test whether infrequent price adjustments influence the cost pass-through, in the regressions
reported in columns (2) through (6), we incorporate the interaction of common and idiosyncratic
shocks with price stickiness across sectors. Regressions reported in columns (3) and (4) also include
interactions with firm and firm-product price stickiness, and (5) and (6) add interactions with
dummies for high-markup sectors and high-markup 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%. In the model
with ex ante identical sectors, this level of pass-through implies the underlying degree of strategic
complementarity of ¢ ~ 0.43 (see equation 14).

In contrast to idiosyncratic cost pass-through, the pass-through of the common cost shock
decreases with sector price stickiness, as our theory predicts. For a sector with flexible prices,
the pass-through is close to 1 (and not statistically different from 1), consistent with the find-
ings 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 by 3 percentage points for
NAPCST products). Our theory attributes this relationship 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), (3), and (4) 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 (column 5 in Table 2), in line with the theory (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 in market power across
sectors and firms, as we discussed in Section 4.2.

All in all, the empirical results using NAICS4 classification corroborate all six predictions of

the model for contemporaneous reset price pass-through: complete common cost pass-through
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and incomplete idiosyncratic cost pass-through under flexible prices; declining common cost pass-
through and flat idiosyncratic cost pass-through for stickier sectors; declining pass-throughs with

market power (and a steeper decline for idiosyncratic cost pass-through).

4.4 Additional results and robustness for contemporaneous pass-through

In this section, we summarize additional empirical results that extend the main results and
establish a tighter link between the model and the data.

Product classification. The estimation results in Figure 5 and Table 2 for NAICS4 industry
classification are similar to those using the NAPCS7 product classification as sector definitions (see
Online Appendix B.1). Differences in the magnitude and significance of some estimates could reflect
differences in the 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 4-digit NAICS industry classification, the measure of sector price stickiness may be less

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

Adding firm-level shock component. We decompose suppliers’ price variation into three com-
ponents (instead of the two components in (16)), adding a firm-level component to the sectoral-
and firm-product-level components (Online Appendix B.2). We then re-estimate equation (17) with
added interactions for the firm-level component. The pass-through estimates for firm-level shocks
are largely the same as for firm-product shocks. The estimates for sectoral and firm-product shocks

reported in Table 2 remain very similar when firm-level shocks are included.

Nonlinearity. The theoretical model predicts potentially nonlinear effects of price stickiness and
market power on pass-through (as illustrated in Figure 1). Online Appendix B.3 investigates non-
linearities empirically using two complementary approaches. First, we partition the distributions
of markups and price stickiness into bins and estimate pass-through separately for each bin. Sec-
ond, we formally test for nonlinearities by augmenting specification (17) with quadratic interaction
terms.

We find no statistically significant evidence of nonlinearities in the data. At the same time, these
estimates broadly align with model’s predictions for pass-through level and slope documented in
Table 2: both pass-through measures decline with markups, and idiosyncratic pass-through shows
little variation with stickiness.

The upshot is that the linear specification captures the first-order effects (level and slope of
pass-through relationship across market power and price stickiness). But detecting second-order
nonlinearities (convexity of the pass-through) requires more statistical power than our sample

provides.
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Shock persistence. Proposition 2 predicts that higher persistence p; of the underlying shock

process @QF., has no effect on idiosyncratic cost pass-through, but increases the common cost pass-

%
ijt
through (;lthough this effect is quantitatively small). In Online Appendix B.4, we test these
predictions by fitting an AR(1) process to the observed series of purchase prices for each 4-digit
NAICS sector, conditioning on price changes (i.e., using only non-zero adjustments). We then in-
teract the estimated AR(1) parameters with the shock variables in the pass-through specification.
Consistent with the model, we find that higher persistence of the underlying cost shock is asso-
ciated with higher common cost pass-through, although the estimates are not always statistically
significant. The pass-through of idiosyncratic cost shocks does not depend on persistence, in line
with the model’s predictions.

In addition, we estimate the persistence of the cost shocks using local projections (see Online
Appendix C.1). The estimated cost dynamics are highly persistent, e.g., fitting an AR(1) would
yield average persistence of 0.931 (NAICS4) and 0.924 (NAPCS7). High persistence may partly
explain why the effects of persistence on the pass-through are hard to discern. Furthermore, the
fitted persistence does not vary when we split samples by high/low markups or high/low price
stickiness, suggesting that the differences for estimated pass-through to selling prices do not stem

from the differences in cost processes.

4.5 Dynamic pass-through

The preceding analysis focused on the contemporaneous pass-through of cost shocks to reset
prices. We now extend the analysis to characterize the dynamic path of the pass-through using

local projections (Jorda, 2005).

Future reset prices. We extend Propositions 1 and 2 and derive a closed-form solution for the
response of selling prices reset 7 = 1,2, ... months after the cost shock and given no further shocks
after t (see Online Appendix D.4 for derivations). Under the assumption of synchronized price and
cost adjustments, the optimal reset price response of firm ¢ in sector j at time ¢ + 7 to cost shocks

at t satisfies:

N p7.— N R pT Vi 1— 6)\ 0 R
pPr, =9 (O —OF J J ot - 790 AT - 18
ijt+T 1+ Vij (Qlﬁ Q]t) + { 14+ Pij - 1+ Pij %3\ Pi 1-— 5)\jAj J Q]t ( )
——
Vij,r Wi

Expression (18) characterizes how theoretical pass-through of idiosyncratic and common cost shocks,
ij - and W -, evolve with horizon 7 after the shock, nesting the contemporaneous expression (14)
from Proposition 2 for 7 = 0.

Theoretical pass-through responses are shown in Figure 6. Since the idiosyncratic cost pass-
through does not depend on the composition of adjusters and non-adjusters among competitors, it
only reflects the level of the idiosyncratic cost component at horizon 7, i.e., the pass-through decays

geometrically at rate p;, in tandem with the shock (Panel a). For permanent shocks (p; = 1), the
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pass-through is constant at level 1);; 0.

By contrast, common cost pass-through ¥;; . (Panel b) depends not only on common cost level
at horizon 7, but also on the composition of adjusters and non-adjusters captured by A]T-H. For
permanent shocks (p; = 1), the pass-through is gradual as adjusters do not want their reset prices
to deviate too far from prices of non-adjusters. As the number of non-adjusters declines with
horizon 7, strategic complementarity weakens, incentivizing firms to pass through the common cost
completely.

For transitory shocks (p; < 1), the common cost pass-through declines but not as fast as the
idiosyncratic cost pass-through. The additional pass-through reflects strategic pricing complemen-
tarities between the firms that reset their prices soon after the shock (early adjusters) and the firms
that cannot change their prices right away (late adjusters). Because prices of early adjusters are
relatively high, when late adjusters reset their prices, they want to set their prices somewhat higher
to keep them closer to prices of early adjusters. This dynamic effect propagates the common cost
pass-through of a transitory shock. The pass-through approaches zero as the shock dissipates and

all firms adjust.

(a) Idiosyncratic cost PT (b) Common cost PT
T T T T T T T T T T T T T T T T T
| ——p; = 1.0
! —a—p; =09
0.8 -

| I I R | | I I R
01 2 3 45 6 7 8 9 1011 01 2 3 45 6 78 10 11

‘ 0
Horizon 7 Horizon 7
Figure 6: Theoretical reset-price pass-through to cost shocks
Notes: This figure visualizes reset-price pass-through coefficients in equation (18) for different levels of shock persis-
tence, p; € {0.8,0.9,1.0}. Each point represents the optimal reset price response at horizon ¢+ 7 to a shock occurring

at time t. Key model primitives are calibrated to broadly match our empirical estimates: the contemporaneous
idiosyncratic cost pass-through ;0 = 0.75, price stickiness A; = 0.5, and discount factor 8 = 0.995.

Empirical specification. The estimation follows a two-step approach. First, we decompose the
monthly log purchase price changes in each sector into idiosyncratic and common components by

estimating an unweighted fixed-effect OLS regression

AIn(Qsj¢) = 0 In(Qsje—1) + nje + Mije, (19)
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where 7;; are the sector-month fixed effects, and 7;;; is the residual. The key difference from
the baseline specification (16) is the inclusion of the last observed log price level In(Q;j¢—1) as an
additional control. We will refer to 7;; and 7);;; as “orthogonalized” shocks. We show in Online
Appendix C.5 that this approach provides accurate dynamic pass-through estimates for model-
simulated data. At the same time, contemporaneous pass-through estimates are not sensitive to
the difference between using shocks €;¢, €5+ from Section 4.1 and orthogonalized shocks 7);¢, ﬁijt.”

In the second step, we estimate average pass-through coefficients ¢ and ¥, using Jorda (2005)’s

local projections and the orthogonalized shocks 7);; and 7;;;, conditioning on price adjustment at

horizon 7:
ArIn(Pijigr) = W Wt V- Mijt + FEij + Vijiir, (20)
common PT idiosyncratic PT

where ArIn(Pjji4-) = In(Pji4-) — In(Piji—1) denotes the selling price change from ¢t — 1 to t + 7,
FE;; are firm-product fixed effects, and v;ji- is the residual. Specification (20) is estimated by

the fixed-effects weighted panel regression and standard errors clustered at the firm level.

Estimation results. Figure 7 reports the estimated average pass-through coefficients, 1, and ¥,
for the NAICS4 industries. We compare these empirical estimates to the corresponding theoretical
predictions from equation (18) (see Online Appendix C.2 for details).

Panels (a) and (b) report full-sample results, showing that they align with key predictions in the
model: both pass-throughs decay with time after the shocks, with the common cost pass-through
being higher on impact and decaying slower than the pass-through of the idiosyncratic shock. For
the idiosyncratic cost shock, the empirical pass-through initially decays at a faster rate than the
geometric decay in the model (Panel a). One interpretation is that the idiosyncratic shock itself
follows a process with a decreasing rate of decay.'®

Panels (c) and (d) compare the estimates for sectors with high and low market power. Con-
sistent with the model’s predictions, high-markup sectors (red) exhibit lower pass-through than
low-markup sectors (blue) for both shock types, although the evidence is statistically weak for the
common cost pass-through.

Panels (e) and (f) compare the estimates for sectors with high and low price stickiness. In
both cases, sectors with stronger nominal rigidity have lower pass-through, in line with theory.
For idiosyncratic shocks, the differences are modest and statistically insignificant, because the
idiosyncratic cost pass-through depends primarily on market power rather than price stickiness. For
common shocks, high-stickiness sectors exhibit substantially lower pass-through—approximately 44
percentage points below low-stickiness sectors on impact (0.36 vs. 0.80)—in line with the theoretical
prediction that common shock pass-through depends on both market power and price stickiness.
The results for NAPCS7 products are similar (Online Appendix Figure C3).

17 As we discussed in Section 4.1, we do not observe changes in Q* over the duration of the last price spell, implying
that empirical shocks 7);; and 7);;; are approximations of theoretical components in (18).

18Tn Online Appendixes C.1-C.2, we provide an example of a shock process with a faster initial rate of decay, and
show that it improves the fit of the theoretical idiosyncratic shock pass-through.
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Figure 7: Dynamic pass-through of cost shocks

Notes: Dynamic pass-through coefficients estimated via local projections (20) for 4-digit NAICS industries. Left column:
idiosyncratic shock pass-through v-; right column: common shock pass-through ¥.. Panels (a)—(b): full sample. Panels
(¢)—(d): high-markup (red) vs. low-markup (blue) sectors. Panels (e)—(f): high-stickiness (red) vs. low-stickiness (blue)
sectors. Shaded areas show 95% CI (firm-clustered SE). Dashed lines provide theoretical pass-through in (18).
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Overall, these estimates of the dynamic pass-through responses corroborate key predictions of
the model: 1) gradual decrease in the pass-through reflects mean-reversion of the shock, 2) slower
decline of the common shock pass-through reflects the influence of sticky prices on strategic motives
(unimportant for idiosyncratic cost pass-through), 3) sectors with higher market power and stickier

prices tend to have lower dynamic pass-through responses.

Response to monetary policy surprises. We also conduct an alternative test of the common
cost pass-through that relies on identified monetary policy shocks for Canada.'® The pass-through
of monetary policy shocks is estimated using specification (20), in which the common shocks are
replaced by the identified monetary policy shocks, and idiosyncratic cost shocks are excluded. The
resulting estimates are volatile and have wide confidence bands. These results reflect two practical
challenges. First, monetary policy shocks account for only a small fraction of the variation in
wholesale purchase prices, leading to imprecise estimates with large standard errors. Second, the
limited time span of the shock series (relative to the cross-sectional dimension) can introduce small-
T bias in local projection estimates and lead to volatile estimates (see Herbst and Johannsen, 2024).
Estimating (20) on an equally sized sample of model-simulated data similarly yields volatile and

imprecise estimates. See Online Appendix C.4 and C.5 for details.

Extensive margin. In the model, strategic complementarity operates entirely via the magnitude
of price adjustments (the intensive margin), while the timing of adjustments (the extensive margin)
is exogenous. In Online Appendix C.3, we estimate the probability of price adjustment after a cost
shock using local projections (20), where the dependent variable for horizon 7 is an indicator that
the firm adjusts its price between t — 1 and ¢t +7. We find a modest, statistically significant increase
of the frequency of price adjustment after both common and idiosyncratic shocks, suggesting the
extensive margin does contribute to both pass-throughs.

To assess the quantitative importance of the extensive margin’s contribution, we estimate a local
projection specification that includes both intensive and extensive margin adjustments (Online
Appendix Figures C5 and C6). The estimated pass-through are similar to the estimates with
constant extensive margin implying that the response along the extensive margin is small relative
to the response along the intensive margin. These results support Calvo pricing as a reasonable

approximation for deriving the pass-through estimated in the paper.

5 Implications for aggregate dynamics

In this section, we discuss the aggregate implications of pass-through estimates and quantify
the importance of firms’ market power, price stickiness, and their heterogeneity across sectors in

amplifying the real effects of monetary policy. We start by characterizing sector and aggregate price

19We thank Rodrigo Sekkel and Xu Zhang for providing identified monetary policy shocks for Canada; see Sekkel,
Stern and Zhang (2025) for more details on the construction of the shock.
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and output dynamics in response to a 1% unanticipated permanent shock to the money supply in

the benchmark setting.

Proposition 3 The sector and aggregate responses to a 1% wunanticipated permanent monetary
shock at t =0 (i.e., M,=1vr> 0) are characterized as follows:
(i) The sector price, inflation and output responses are given by

Pr=1-AT" & =(1-Aj)A]

Toand Gr=1-Pr=AT"" vr>0, (21)

where Aj > \; is the market power augmented price stickiness defined in (12).
(ii) The aggregate price response is given by

~ ~ ~ ~ 1—A;

PT = ZQijT = (1 — )\)P: + )\PT_l - COUj |:>\], I—AJA;:| V7 Z 0, (22)
; J

J

where A =3, aj\;j = Ej();) is the average price stickiness in the economy and Pr = > ajJSJf"T is

the average reset price.

(iii) The cumulative output response is given by
ST REVHL o TLEEY) BUSN SRV VLEE )
— = Tl =n] T I = Ay) TLL=27 (= Ay)

Proof. See Online Appendiz E.3.

There are two key takeaways from Proposition 3. First, market power amplifies the sluggishness
in sector price adjustments in response to a monetary shock and leads to a larger real impact in
each sector. Since A; is an increasing function of market power ¢;, the sectors with higher market
power increase their prices at a slower rate, as shown in (21).

Second, sector heterogeneity plays a role in further amplifying aggregate responses. Expression
(22) shows that the aggregate price response can be decomposed as the average of adjusted and
non-adjusted prices weighted by the average price stickiness, (1 — )\)]35;7 + )\]3t+7_1, and an ad-
ditional covariance term. In a standard Calvo model (¢; = 0), the covariance term simplifies to
Covj [/\j, /\ﬂ > 0. As noted by Carvalho (2006), most price adjustments after the monetary shock
are made by firms in more flexible sectors. As time passes, a larger proportion of prices that have
yet to adjust are from stickier sectors, slowing the aggregate price adjustment. The covariance term
captures this effect.

With market power (¢; > 0), there are two additional effects. First, even when market power
is homogeneous across sectors (¢; = ¢), Aj > A; implies a larger covariance term. Strategic com-
plementarities reduce the size of price adjustments, amplifying the effect of heterogeneity in price
stickiness. A similar effect was emphasized by Carvalho (2006) in a model with monopolistically
competitive firms and real rigidities. Second, when sectors have different market powers, the het-

erogeneity in market power may amplify or attenuate the real effects of monetary shocks depending
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on the correlation between market power ¢; and price stickiness A;. Intuitively, when market power
is positively correlated with price stickiness, sticky sectors not only make fewer price adjustments
(due to a high A;) but also smaller price adjustments than flexible sectors (due to a high ¢;).
Expression (23) provides a decomposition of the cumulative output response. The term E; [Q—J)\]]
gives the cumulative output response in a standard heterogeneous sector monopolistically competi-
tive Calvo model. The multiplier E; [%} summarizes the amplification effect of firms’ market

power on the aggregate output response. Lastly, Cov; [ﬁ—f/\], % is a term analogous to the

covariance term in (22), highlighting the importance of the correlation between firms’ market power
and price stickiness across sectors. We note that Wang and Werning (2022) derived an expression
similar to (23) in their continuous-time model. A contribution of our paper is to empirically quantify

the relative importance of these channels.

5.1 Role of market power in homogeneous sector models

To unpack the mechanisms influencing inflation dynamics, we discuss aggregate dynamics in
different versions of the model, where we separately shut down the effects of strategic complemen-
tarity, and sector heterogeneity in price stickiness and strategic complementarity. To facilitate this
exercise, it is useful to first consider impacts in a homogeneous-sector version of the model, which

yields the following corollary.

Corollary 1 With symmetric firms and homogeneous sectors (i.e., @i = ¢, A\j = ), the NKPC

s given by
~ 1-=8BAN)1—=XN) - ~
T = ( (1ﬂ+);) 3 )mCt + BE 41, (24)

where mey is the real marginal cost. With market power (o > 0), the slope of the NKPC' is reduced

by a factor of 1/(1 + ¢). In response to a permanent monetary shock, the sector price, inflation

and output dynamics are given by

Pr=1-A"" 7 =(1-MNA" and & =A"T" vr>0, (25)
where

Al 1+)\g0+6)\(/\+<p)_\/<1+>\go+ﬁ>\()\+s0)>2_4 26)

2 BAL+ ) BA(L+ ) Bl

With market power (¢ > 0), the cumulative output response is amplified by f\X((ll:X; relative to an

alternative model with the same level of price stickiness but no market power.
Proof. See Online Appendiz E.2.

Under oligopolistic competition, the slope of the NKPC in the homogeneous sector model is
reduced by a factor of ﬁ relative to the slope under monopolistic competition. At the level of

strategic complementarity implied by the idiosyncratic cost pass-through estimated in Section 4,
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pPate — .43, the slope of the NKPC is reduced by 30%, implying a 28% larger cumulative output

response.

5.2 Role of sector heterogeneity

How does sector heterogeneity affect this amplification effect? In this subsection, we quan-
tify the importance of the channels highlighted in Proposition 3 using a multi-sector oligopolistic
competition model that is calibrated to match the sector price stickiness A\; and market power ¢,
estimated in Section 4.2.2° To dissect the underlying channels, we compare the aggregate dynamics
in our benchmark model with three counterfactual alternative models that shut down one of the
channels at a time.

Panel (a) of Figure 8 compares output impulse responses to an unanticipated 1% permanent
monetary shock in the four different models. The gray line shows the baseline output response to a
monetary shock in the standard one-sector monopolistic competition Calvo model, where aggregate
dynamics are given by (25) with A = A\ = 0.42 calibrated to match the average price stickiness in the
data. The black line shows the response from an alternative monopolistic competition Calvo model
with sector heterogeneity in price stickiness, calibrated to match the average price stickiness in each
4-digit NAICS industry. Both models have the same aggregate price stickiness, and the difference
in output responses reflects the role of sector heterogeneity in price stickiness, as discussed by
Carvalho (2006). The red line shows the output response allowing for homogeneous market power
(with ¢ = 0.43) and heterogeneous price stickiness. Finally, the blue line shows the response in our
benchmark model calibrated to match the heterogeneity in both ¢; and A; found in the data.

The difference in output responses combines the effects of strategic pricing complementarity
and heterogeneity in market power and price stickiness. To distinguish the heterogeneity effect, we

rewrite the output response into two terms using the relationships (21) and (22) in Proposition 3:

G =1-P. =N+ T AT , (27)

heterogeneity effect > 0

where A = Zj a;Aj, and T = Zj osz;H/AT‘H — 1 > 0 represents the additional output amplifi-
cation due to sector heterogeneity (in price stickiness, market power, or both).2! For comparison,
we calibrate an alternative homogeneous sector model with the same A so that the difference in
output responses in the two models can be attributed to sector heterogeneity.

Panel (b) of Figure 8 shows the additional output response due to sector heterogeneity. Com-
paring the red and black lines, we see that allowing for homogeneous market power leads to a small
additional amplification of the output response through sector heterogeneity in price stickiness.
Comparison of the blue and red lines shows that heterogeneity in market power significantly am-

plifies the output response. This amplification is driven by the positive correlation between price

298pecifically, we calibrate the sector market power using the estimated pass-through to idiosyncratic cost shocks
st — 1 - l/wf“ and use Propositions 2 and 3 to calculate A; and the aggregate dynamics.

in each sector, i.e., ;
2INote that T, > 0 by Jensen’s inequality.
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Figure 8: Amplification of monetary non-neutrality due to sector heterogeneity

Notes: The figure provides responses to an unanticipated permanent 1% increase in the money supply.
Panel (a) reports output impulse responses. Panel (b) reports the difference between the aggregate
output response in models with heterogeneity and the response in a homogeneous sector model with the
same aggregate A. Models are based on weighted estimates from NAICS4 industries.

stickiness and market power observed in the wholesale price data.?? In a counterfactual model in
which the market power is heterogeneous but randomly assigned (i.e., it is uncorrelated with price
stickiness), the output response is similar to the red line with homogeneous market power.

Table 3 summarizes the key quantitative takeaways for the models we have discussed in this
section. For each version of the model, Table 3 reports three statistics: (1) the cumulative output
response to an unanticipated permanent 1% increase in money supply, (2) the price stickiness mul-
tiplier required to match the output response, and (3) the implied slope of the NKPC. Column (1)
provides the statistics for the baseline model—the standard one-sector Calvo model with monopo-
listic competition (“MC(1)”). The statistics for other versions of the model are expressed as ratios
to the corresponding baseline statistics. Panels (a) and (b) of Table 3 report statistics based on
NAICS4 and NAPCST estimates, respectively (we will focus on Panel (a)).

Relative to the MC(1) baseline, the output response is amplified by 1.24 in the model with
heterogeneity in price stickiness (column 3), by 1.57 when there is homogeneous strategic com-
plementarity and heterogeneity in price stickiness (column 4), and by 1.96 when both strategic
complementarity and price stickiness vary across sectors (column 5). We can approximate these

effects using a standard one-sector Calvo model in which nominal price stickiness A is increased by

22More precisely, the amplification or attenuation effect depends on the correlation between the relevant market
power component in Aj, i.e., ¢;/(1+ ¢;), and the price stickiness \; across sectors. In the wholesale price data, this
correlation is positive at about 0.3 (Online Appendix Figure E3).
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Table 3: 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 e =0) (A, 0) (Aj, 9 =0) (Ajs ) (Aj, 05)

| O (2) (3) (4) (5)
(a) 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

(b) 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

Notes: The table provides model statistics based on weighted estimates from NAICS4 industries (Panel a)
and NAPCS7 products (Panel b). For each panel, the first row reports the cumulative response of aggregate
output (in %) to an unanticipated permanent 1% increase in the money supply. The second row 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 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 A 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.

a factor of 1.13, 1.27, and 1.40, respectively.?3

In sum, our empirical estimates imply a substantial degree of strategic pricing complementarity
in oligopolistic markets. The slope of the NKPC in the multi-sector model that matches the
heterogeneity in price stickiness and strategic complementarity observed in the data is only one-third
of the slope in the standard one-sector model without real rigidities. Of the 64% difference in slope
(column 5), 30 percentage points are due to the average effect of oligopolistic competition without
sector heterogeneity (column 2), an additional 18 percentage points are due to heterogeneity in price
stickiness (column 4), and the remaining 16 percentage points capture the positive correlation of
price stickiness and market power across sectors. Quantitatively, the joint distribution of price

stickiness and market power makes a similar contribution to monetary non-neutrality and the

23 At the aggregate level, a calibrated one-sector Calvo model with Kimball demand can match both the average
price stickiness and the total real impact of a monetary shock in the models in Table 3. For example, assuming 6 = 4.8
(as in our benchmark model), the cumulative output response in the homogeneous sector oligopolistic competition
model in column 2 of Table 3 can be matched in the one-sector Calvo model with Kimball demand by setting the
Kimball demand superelasticity to 1.63, while matching the cumulative output response in our benchmark model in
column 5 requires a superelasticity of 6.76. See Online Appendix D.7 for more details.
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NKPC slope as the heterogeneity in price stickiness.
Hence, our empirical evidence supports conclusions in Mongey (2021) and Wang and Wern-
ing (2022) that models with a reasonable degree of oligopolistic competition provide significant

amplification of the effects of nominal rigidities in standard New Keynesian models.

5.3 Secular changes in market power and price stickiness

Changes in market power and price stickiness would imply a change in the slope of the NKPC
over time. In a stylized example, we combine time series on evolution of markups and price stickiness
over the last forty years with numerical simulations from the model to construct a time series for
the implied slope of the NKPC (see Online Appendix E.4 for details). Since long time series are
not available for Canada, we adopt changes in U.S. market power and price stickiness to represent
approximate time variation in Canadian sector-level market power and price stickiness. We obtain
time series for average U.S. markups from De Loecker, Eeckhout and Unger (2020) and the average
frequency of the U.S. consumer price changes from Nakamura, Steinsson, Sun and Villar (2018).24:25
In the simulation, we assume the correlation of market power and price stickiness across sectors is
time-invariant at 0.3 as estimated using the Canadian data.

Figure 9 presents the constructed slope of the Canadian wholesale-sector NKPC from 1978 to
2017 under three model specifications. The gray line depicts a standard one-sector Calvo model
under monopolistic competition: the implied slope fluctuates with aggregate price stickiness but
exhibits no secular trend, ending at 0.81 in 2017—mnearly identical to its 1978 value of 0.79 (a 3%
increase). The red line incorporates heterogeneous market power while maintaining homogeneous
price stickiness: the slope falls from 0.62 in 1978 to 0.41 in 2017 (a 34% decrease), reflecting the
secular rise in markups documented by De Loecker, Eeckhout and Unger (2020).

The blue line represents the full model with both heterogeneous market power and heterogeneous
price stickiness: the slope declines from 0.46 in 1978 to 0.30 in 2017 (a 35% decrease). The
gap between the red and blue lines reflects the added flattening in the NKPC that arises due to
heterogeneous price stickiness. Because we assumed the time-invariant cross-sectional correlation
between markups and price stickiness, adding heterogeneity in price stickiness has mainly a level
effect on the slope for the entire period. If instead the correlation of price stickiness with market
power also increased, the flattening over time would be more pronounced.

These findings suggest that the ongoing rise in market power documented in the literature has
economically significant implications for inflation dynamics. Future research with better data on
the joint evolution of market power and price stickiness across sectors could shed further light on

these questions.

24De Loecker and Eeckhout (2018) report that changes in market power in Canada and the United States are very
much aligned. We thank Daniel Villar for providing us with the series for the U.S. consumer price changes.

25We use estimated idiosyncratic-cost pass-through coefficients to back out sector-level strategic complementarities
;. Using the expression for strategic complementarities ¢; = (9’;9—;1/13- — 1) (8; — 1) and observed average sector
markups puj, we back out sector-level elasticities of substitution ;. We then use constructed time series for changes

in markups p;; and price stickiness \j; to construct the time series for strategic complementarity ;¢ and the implied
slope of the NKPC. See Online Appendix E.4 for details.
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Figure 9: Implied Slope of the Canadian Wholesale NKPC

Notes: This figure shows the implied slope of the New Keynesian Phillips Curve under three scenarios: homogeneous
A with no market power (gray), homogeneous A\ with heterogeneous market power (red), and heterogeneous A\ with
heterogeneous market power (blue).

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
64% in a multi-sector model.

The main takeaway is that, in oligopolistic markets, inflation dynamics and the transmission
of monetary policy 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. 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 around the 2020-2022 COVID-19 pandemic. To account for the variation in price
flexibility during such events (Montag and Villar, 2023; Cavallo and Kryvtsov, 2024), 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 and Measurement

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 provide
more details about both files below.

The raw micro data have 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 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. 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 from Statistics Canada’s
Business Register (BR); the PPDID is the sampling unit for the WSPI survey; (3) the “Operat-
ing Entity Number” is also intended to correspond one-to-one with the establishment level and is
taken directly from the 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 the value reported in
the BR.! Also included are classification codes for the NAICS5 industry that the reporting firm is
associated with and the NAPCS7 product code that the firm-product is associated with.

!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.



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 2024, but we drop all observations past December 2019 to exclude the COVID-19 pandemic
period.

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 include 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 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

2The revenue weight corresponds one-to-one with the wholesale establishment level.



roughly 420,000 observations.

From there, we identify cases where the “imported” variable is 0 but the “origin” variable
indicates a foreign origin. We assume the “origin” variable is correct and re-code the “imported”
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
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 price 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 A1: 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 observations 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.

Survey respondents are encouraged to report all of their prices in Canadian dollars, regardless of

the actual currency of invoicing. Table A3 reports the share of observations in the cleaned dataset

3Note that this only affects a small number of observations.
“Most of the roughly 140,000 observations that are dropped are removed due to missing prices.



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%

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
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) markup 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
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Figure A3: Histogram of markup across firm-products, pooled sample

Notes: Reports the design-weighted distribution of markups across firm-products in the sample.

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
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 this link for the complete list of NAPCS product codes.


https://www23.statcan.gc.ca/imdb/p3VD.pl?Function=getVD&TVD=1384502

(a) 4-digit NAICS wholesale industry level (b) 7-digit NAPCS wholesale product level
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Table A4: 4-digit NAICS wholesale industries

NAICS | Industry Description

4111 Farm product merchant wholesalers

4121 Petroleum and petroleum products merchant wholesalers

4131 Food merchant wholesalers

4132 Beverage merchant wholesalers

4133 Cigarette and tobacco product merchant wholesalers

4134 Cannabis merchant wholesalers

4141 Textile, clothing and footwear merchant wholesalers

4142 Home entertainment equipment and household appliance merchant wholesalers
4143 Home furnishings merchant wholesalers

4144 Personal goods merchant wholesalers

4145 Pharmaceuticals, toiletries, cosmetics and sundries merchant wholesalers

4151 Motor vehicle merchant wholesalers

4152 New motor vehicle parts and accessories merchant wholesalers

4153 Used motor vehicle parts and accessories merchant wholesalers

4161 Electrical, plumbing, heating and air-conditioning equipment and supplies merchant wholesalers
4162 Metal service centres

4163 Lumber, millwork, hardware and other building supplies merchant wholesalers
4171 Farm, lawn and garden machinery and equipment merchant wholesalers

4172 Construction, forestry, mining, and industrial machinery, equipment and supplies merchant wholesalers
4173 Computer and communications equipment and supplies merchant wholesalers
4179 Other machinery, equipment and supplies merchant wholesalers

4181 Recyclable material merchant wholesalers

4182 Paper, paper product and disposable plastic product merchant wholesalers
4183 Agricultural supplies merchant wholesalers

4184 Chemical (except agricultural) and allied product merchant wholesalers

4189 Other miscellaneous merchant wholesalers




A.3 DMeasures of price stickiness and market power

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

1 Y ier, Soter, Wiy {L[AM(Pyr) # 0] + 1 [AIn(Qije) # 0]}

Ai=1—= ,  (Sector price stickiness)
! 2 Diel; 2teT, wi;
1 Y e1; Srer, Wi {LIAI(Pye) # 0]+ 1[AIn(Qy) # 0]} o
Apj=1—2 = ,  (Firm price stickiness)
2 Ziaf ZteTij Wiy
1 A{L[AIn(FP;j) # 0] + L [AIn(Qij5¢) # 0
Nij =1— theT” A (R # 0 (A 1n(Qi) ]}, (Firm-product price stickiness)
2 e 1
teTi;

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
discussed in Section 3, the selling price stickiness is very similar to the purchase price 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, the price markup is a suitable proxy for market power.
In our model, market power, summarized by strategic complementarity ¢;;, is linear in the steady-
Y5 0 1

ﬁij_l — 6-1 l—Sij

0—1
Pij = (9 Hij — 1) (0 —1).

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

state price markup p;; = for any given 6 under the assumption of Cournot

competition:

that capture the variation in market power across and within sectors:

D 1 if u; € upper quartile of {y;} across all sectors,
J = )
0 otherwise,

D 1 if pu;; € upper quartile of {u;;} among all i € I},
iy = )
0 otherwise,

Zielj ZtETij wﬁ#ijt
E
Zielj ZtETij Wi

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

where p; = is the weighted mean margin across all firm-product observations in

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

®As 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 estimates for our pass-through results.
5Conditioning on observations with price changes yields similar average sector markups.
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Figure A5: Correlation between price stickiness and average markup

Notes: The figures illustrate the cross-sector correlation between the average price stickiness \; and the average
markup p;, with measures calculated at NAICS4 and NAPCS7 levels, respectively. The weighted measures
constructed use the economic weight wg



A.4 Approximation of the marginal cost by the purchase price

Our benchmark 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, MCjjt,
consists of two components: (1) the observed purchase price Q;j; and (2) the unobserved marginal
cost component X j;:

MCyj = QX" with v € (0,1].

Note that if the unobserved cost component Xj;; 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 miﬁ. Taking the extreme case where these two variables are perfectly correlated,
we have

MCije = Qe + (1 — )Xt = Quje.

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

case where Corr(@ijt,)?ijt) = a, we have
MCijs = vQije + (1 — M) Xije = [y + (1 = 7)a) Qiju- (A1)

If the actual change in marginal cost is smaller than the observed purchase price change (i.e.,
]\/4\C'Z-jt < @ijt or 7+ (1 —v)a < 1), then the estimated price pass-through to the cost shocks
measured by the purchase price changes may be downward biased. For example, one concern is that
our estimated pass-through to the common cost shock is incomplete not because of the interaction
between price stickiness and market power but simply because the costs are not precisely measured.
For example, in the context of a monopolistic competition Calvo model, the estimated reset price
pass-through rate using @ijt as the regressor will be v + (1 — 7)a, smaller than theoretical 100%
obtained using the true marginal cost ]\/4\Cl-jt ifa < 1.

We note that this hypothesis is rejected by our estimates of the price pass-through to common
cost shocks in a flexible price sector. Under the assumptions of our oligopolistic competition Calvo
model and the cost process of (A.1), the pass-through to a common purchase price shock in the
flexible price sector is

U=9y+(1-7)a.

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

for the unobserved marginal cost in the wholesale industry.
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B Supplementary Estimates of Contemporaneous Pass-through

B.1 Estimation results using product classification

In the main text, sectors are defined using a 4-digit industry classification (NAICS4). In this
section, we present the results using 7-digit product classification (NAPCS7) to define sectors. Fig-
ure B1 provides scatter plots of the estimated pass-through coeflicients against the price stickiness
and the average markup of the sector. The plots include the fitted line to summarize the relation-
ship. Table B1 provides estimated pass-through coefficients capturing variation in price stickiness

and market power both across and within sectors.
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Figure B1l: Estimates at the 7-digit NAPCS wholesale product level

Notes: 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(P;j¢) = \I/jeﬁ“ + '([)jCiEjit + F'E;j + vij 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 markup

p5 < 1. The red line in each figure represents the fitted line obtained by regressing the estimated coefficients (\I/f“,
fSt) on the price stickiness A\; or the average markup p;. The slope and the R? of the fitted line are reported in

the bottom right corner of each figure.
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Table B1: Pass-through estimates, 7-digit NAPCS wholesale products

) (2) 3) (4) () (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 Sector stickiness -0.32* -0.30" -0.26 -0.23 -0.21
(0.149)  (0.151)  (0.146)  (0.167)  (0.143)
Idio. cost x Sector 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-markup industry -0.22 -0.21
(0.145)  (0.126)
Idio. cost x High-markup industry -0.23** -0.22*
(0.085)  (0.087)
Common cost x High-markup firm -0.18"
(0.08)
Idio. cost x High-markup 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 markups. 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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B.2 Estimation results for firm- and firm-product-level shocks

We decomposed suppliers’ price variation into three shock components (instead of two com-
ponents in (16)): sectoral (common), firm and firm-product specific components. We then re-
estimated equation (17) with interactions for all three components. Tables B2 and B3 provide the
estimates for NAICS4 and NAPCS7 classifications. We find very similar responses to firm and
firm-product specific shocks. Also the estimates for sectoral and firm-product shocks remain very

similar to those in Table 2 in the main text.

Table B2: Three-shock pass-through estimates, 4-digit NAICS industries

(1) (2) (3) (4) (5) (6)
Common cost shock 0.82%** 1.01%* 1.00*** 1.00%** 1.09%** 1.05%**

(0.09) (0.11) (0.11) (0.11) (0.11) (0.05)
Firm cost shock 0.66***  0.72*** 0.72%** 0.72%** 0.74%** 0.88***
(0.04) (0.09) (0.09) (0.09) (0.08) (0.04)
Firm-product cost shock 0.65***  0.72*** 0.72%** 0.72%** 0.76*** 0.89***
(0.03) (0.06) (0.06) (0.06) (0.04) (0.04)
Sector stickiness x common cost shock —1.16"*  —1.04"* —1.02"* —0.97"* —0.69***
(0.32) (0.31) (0.31) (0.34) (0.25)
Sector stickiness x firm cost shock —0.18 —0.11 —0.11 0.04 —0.03
(0.19) (0.19) (0.19) (0.17) (0.10)
Sector stickiness x firm-product cost shock —-0.19 —0.15 —0.15 0.01 —0.05
(0.14)  (0.16)  (0.15)  (0.12)  (0.12)
Firm stickiness x common cost shock —0.16
(0.29)
Firm stickiness x firm cost shock —0.23**
(0.09)
Firm stickiness x firm-product cost shock —0.06
(0.11)
Firm-product stickiness X common cost shock —-0.17
(0.27)
Firm-product stickiness x firm cost shock —0.26***
(0.09)
Firm-product stickiness x firm-product cost shock —0.09
(0.10)
High ave margin ind. X common cost shock —0.29"**  —0.30***
(0.11)  (0.10)
High ave margin ind. x firm cost shock —0.24"*  —0.23"*
(0.05) (0.04)
High ave margin ind. x firm-product cost shock —0.27*  —0.26™**
(0.05) (0.05)
Large firm x common cost shock —0.05
(0.18)
Large firm x firm cost shock —0.35"**
(0.05)
Large firm x firm-product cost shock —0.31%*
(0.05)
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 0.50 0.52

Notes: Standard errors clustered at the firm level are in parentheses. *** ** and * indicate statistical significance at the 1%, 5%,
and 10% levels, respectively.
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Table B3: Three-shock pass-through estimates, 7-digit NAPCS products

(1) (2) (3) (4) (5) (6)
Common cost shock 0.79***  0.86™*  0.86™** 0.86*** 0.89** 0.93**
(0.04) (0.06) (0.06) (0.06) (0.04) (0.03)
Firm cost shock 0.65***  0.65™** 0.65*** 0.65*** 0.70*** 0.80***
(0.03)  (0.07)  (0.07)  (0.07)  (0.05)  (0.04)
Firm-product cost shock 0.71%%F  0.73*  0.74*** 0.73*** 0.79** 0.87**
(0.03) (0.07) (0.07) (0.07) (0.05) (0.04)
Sector stickiness x common cost shock -0.30"  —0.28* —0.24 —0.22 —0.20
(0.15)  (0.15)  (0.15)  (0.17)  (0.15)
Sector stickiness x firm cost shock 0.03 0.10 0.09 0.09 0.06
(0.14)  (0.14)  (0.14)  (0.10)  (0.09)
Sector stickiness x firm-product cost shock —0.05 0.02 —0.00 0.00 —0.02
(0.16) (0.17) (0.17) (0.12) (0.12)
Firm stickiness x common cost shock —0.04
(0.14)
Firm stickiness x firm cost shock —0.25%**
(0.08)
Firm stickiness x firm-product cost shock —0.22**
(0.09)
Firm-product stickiness X common cost shock —0.14
(0.14)
Firm-product stickiness x firm cost shock —0.29***
(0.08)
Firm-product stickiness x firm-product cost shock —0.17*
(0.09)
High ave margin ind. x common cost shock —0.21 —0.20
(0.15) (0.13)
High ave margin ind. x firm cost shock —0.29"*  —0.30***
(0.06) (0.05)
High ave margin ind. x firm-product cost shock —-0.21**  —0.18*
(0.10)  (0.11)
Large firm X common cost shock —0.18**
(0.07)
Large firm x firm cost shock —0.29***
(0.04)
Large firm X firm-product cost shock —0.28"**
(0.04)
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 0.55 0.55 0.55 0.57

Notes: Standard errors clustered at the firm level are in parentheses.

5%, and 10% levels, respectively.
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B.3 Non-parametric estimation and nonlinearity

The theoretical model in Section 2 predicts the effects of changes in price stickiness and market
power on pass-through level, slope, and curvature. The empirical analysis in the main text focuses
on the level and the slope: the empirical specification (17) in Section 4.1 includes linear interactions
of shocks with the sector-, firm- and firm-product-level measures of price stickiness and linear
interactions with dummies for top quartiles of the markup distribution across sectors and across
firms within each sector.

In this section, we employ non-parametric estimation to assess the degree of nonlinearity in
the estimated pass-through. To this end, we extend empirical analysis using two complementary
approaches: (1) visualization of the pass-through over the discretized distribution of markups and
price stickiness, and (2) test for nonlinearities in the effect of stickiness and market power on the
pass-through.

We partition the distributions of sector-level markups (margins) and price stickiness into 5
quintile bins in each dimension. Sectors are assigned to quintiles according to their ranking for
1) weighted mean log margin of firms in the sector, and 2) sector price stickiness (i.e., average of
purchase and selling price stickiness). For firm-products in each bin, we estimate the common and
idiosyncratic shock pass-through using specification (17), conditioning on observations with price
changes. The regression includes firm-product fixed effects and clustered standard errors at the
firm level.

Figure B2 provides the estimated pass-through coefficients as functions of sector-level margins
and price stickiness. In each figure, we overlay the estimates from both the NAICS4 (4-digit NAICS
sector) and NAPCST7 (7-digit product category) classifications.

We also plot predictions from the calibrated model with strategic complementarities. Theoret-

ical idiosyncratic pass-through is given by

1
IC Pass-Through = ———,
1+

where ¢ = (9%# — 1) (0 — 1) captures the degree of strategic complementarity, 6 is the demand

elasticity, and p = exp(log markup) is the level markup. Theoretical common pass-through is

1 n © p—A
I+ 149 1—6AN

CC Pass-Through =

where p is the persistence of common shocks, 3 is the discount factor, A is price stickiness (proba-

bility of not adjusting), and A is defined as

1 1—b 1-b\% 4
= ey ),

with b= 2 (1 - AB)(1 - A).
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For plotting theoretical pass-through, we set § = 4.8, 3 = 0.97"/12 (monthly discount factor),
and p = 0.92. Panels (a)-(b) plot pass-throughs as a function of the markup (u) keeping price
stickiness fixed at the sample average A = 0.45. Panels (c¢)—(d) plot pass-throughs as a function of
stickiness (A) holding the markup fixed at the sample average u = 1.46 (log markup of 0.38). The
theoretical line is not plotted where the implied idiosyncratic pass-through exceeds 1. This occurs

at low markup values where y < 6/(6 — 1) = 1.26.
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Figure B2: Non-parametric pass-through estimates by sectoral markup and price stickiness

Notes: Non-parametric pass-through estimates with 95% confidence intervals for NAICS4 (navy) and NAPCS7
(maroon). Dashed line shows theoretical predictions. X-axis shows bin means.

As reported in the main text, the empirical estimates broadly align with model predictions for
pass-through level and slope: both pass-through measures decline with markups, and idiosyncratic
pass-through shows little variation with stickiness. Regarding the curvature of the pass-through,
the estimates do not provide sufficient evidence in favor or against the convexity.

Alternatively, we ranked markups across firm-products (regardless of the sector) instead of

across sectors. Figure B3 provides non-parametric estimates of the pass-through in this case, again
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finding decreasing pass-through as in Figure B2 (a)—(b).

(a) Idiosyncratic pass-through (b) Common pass-through
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Figure B3: Non-parametric pass-through estimates by firm-product markup

Notes: Each panel shows pass-through estimates with 95% confidence intervals for NAICS4 (navy circles) and
NAPCST (maroon squares) sector classifications. X-axis shows bin means for each quintile from firm-product
markup ranking across all firms in the sample.

In a complementary approach, we directly test for nonlinearities by adding interaction terms
with squared levels of sector-, firm- and firm-product price stickiness, and squared levels of sector-
and firm-level margins in regressions corresponding to columns (2)—(6) in Table 2 in the main text.
The results are provided in Tables B4 and B5, where shaded rows point to interaction terms with
squared parameters. The estimates do not reject linearity with respect to market power at sector
or firm levels. For price stickiness, some of the nonlinear terms have significant coefficients, but
they are not robust across sector classifications. For example, the coefficient for Sector stickiness?
interacted with common shock pass-through is 4.99** for NAICS4 but only 0.48 for NAPCST.
And the coefficients for Sector stickiness® interacted with idiosyncratic shock pass-through are

significant, but at odds with theory where the pass-through is constant.
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Table B4: Nonlinear pass-through estimates, 4-digit NAICS industries

(1) (2) 3) (4) (5)
Common cost shock 1.15*** 1.01*** 1.00*** 1.38"** 1.35%**
(0.13) (0.11) (0.11)  (0.23)  (0.14)
Idio. cost shock 0.62*** 0.73*** 0.73*** 0.91**~ 1.01"**
(0.12) (0.07) (0.07) (0.15) (0.06)
Sector stickiness x common cost shock —3.95"""  —0.96""" —0.96""" —0.34 —0.16
(1.28) (0.29) (0.30) (0.26) (0.20)
Sector stickiness x idio. cost shock 0.88 —0.09 —0.09 0.39"** 0.34™"*
(0.77) (0.16) (0.15)  (0.15)  (0.12)
Sector stickiness? X common cost shock 4.91**
(2.06)
Sector stickiness® x idio. cost shock —1.70
(1.06)
Firm stickiness X common cost shock —0.72
(0.71)
Firm stickiness x idio. cost shock —0.79*
(0.25)
Firm stickiness? x common cost shock 0.58
(0.98)
Firm stickiness® x idio. cost shock 0.88"**
(0.29)
Firm-product stickiness X common cost shock —0.26
(0.70)
Firm-product stickiness x idio. cost shock —1.09"**
(0.23)
Firm-product stickiness? x common cost shock —0.24
(1.01)
Firm-product stickiness® x idio. cost shock 1.28***
(0.26)
Industry markup X common cost shock —-2.07"  —-1.36"*"
(1.14)  (0.29)
Industry markup X idio. cost shock —-0.95 —0.80"*"
(0.89) (0.16)
Industry markup? x common cost shock 0.91
(1.36)
Industry markup? x idio. cost shock —0.22
(1.05)
Firm markup X common cost shock —0.06™**
(0.02)
Firm markup X idio. cost shock —0.10"*
(0.02)
Firm markup? x common cost shock —0.00
(0.00)
Firm markup? x idio. cost shock —0.00
(0.00)
Observations 136,085 136,085 136,085 136,085 136,085
Firm-product fixed effects v v v v v
R? 0.49 0.49 0.49 0.51 0.52

Notes: Standard errors clustered at the firm level are in parentheses. *** ** and * indicate statistical significance
at the 1%, 5%, and 10% levels, respectively.
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Table B5: Nonlinear pass-through estimates, 7-digit NAPCS products

(1) (2) (3) (4) (5)
Common cost shock 0.87*** 0.88*** 0.87*** 0.99"** 1.02***
(0.07) (0.06) (0.06) (0.05) (0.04)
Idio. cost shock 0.66*** 0.72%** 0.72%** 0.86*** 0.91%**
(0.09)  (0.07) (0.06)  (0.05)  (0.04)
Sector stickiness X common cost shock —0.58 —0.29*" —0.26" —0.03 —0.10
(0.38)  (0.14) (0.14)  (0.20)  (0.18)
Sector stickiness X idio. cost shock 0.32 0.07 0.04 0.17 0.11
(0.47)  (0.14) (0.14)  (0.10)  (0.10)
Sector stickiness? x common cost shock 0.48
(0.52)
Sector stickiness? x idio. cost shock —0.49
(0.55)
Firm stickiness x common cost shock —0.70
(0.44)
Firm stickiness x idio. cost shock —0.72"**
(0.26)
Firm stickiness? X common cost shock 0.98*
(0.53)
Firm stickiness® x idio. cost shock 0.66™"
(0.31)
Firm-product stickiness x common cost shock —0.61"
(0.36)
Firm-product stickiness x idio. cost shock —0.98"**
(0.26)
Firm-product stickiness? x common cost shock 0.64
(0.52)
Firm-product stickiness? X idio. cost shock 1.07"*
(0.31)
Industry markup X common cost shock —0.56 —-0.35
(0.36)  (0.27)
Industry markup X idio. cost shock —0.49* —0.33"
(0.29)  (0.18)
Industry markup? x common cost shock —0.01
(0.32)
Industry markup? x idio. cost shock —0.12
(0.18)
Firm markup X common cost shock —0.05"*
(0.02)
Firm markup x idio. cost shock —-0.07"*"
(0.02)
Firm markup? X common cost shock —0.00
(0.00)
Firm markup? x idio. cost shock 0.00
(0.00)
Observations 133,620 133,620 133,620 133,620 133,620
Firm-product fixed effects v v v v v
R? 0.54 0.55 0.55 0.56 0.57

Notes: Standard errors clustered at the firm level are in parentheses. *** ** and * indicate statistical significance
at the 1%, 5%, and 10% levels, respectively.
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B.4 Shock persistence and the contemporaneous pass-through

This section examines whether contemporaneous pass-through varies with the persistence of the
underlying cost shock. Proposition 2 and Figure 6 in the main text show that, under an AR(1)
cost process, the common-cost pass-through should increase with shock persistence, whereas the
idiosyncratic-cost pass-through should not depend on persistence. We explore these predictions
empirically.

To proxy for persistence in the data, we estimate a sector-level AR(1) coefficient p; for each 4-
digit NAICS sector by fitting an AR(1) process to the observed series for purchase prices, conditional
on price changes (i.e., using only non-zero adjustments). As discussed in Section C.1, to the degree
that the AR(1) cost shock process in the model is a good approximation to the cost dynamics in the
data, the resulting p; is an approximation of shock persistence. We classify sectors into quartiles
of p; and define a high-persistence dummy equal to one for sectors in the top quartile, which we
then interact with the shock variables in an augmented version of our baseline specification.

Column (1) of Table B6 suggests that sectors with higher shock persistence tend to exhibit some-
what larger contemporaneous pass-through of common-cost shocks, which is qualitatively consistent
with the model. However, the evidence is not uniformly strong across alternative specifications re-
ported in Table B6, and several interacted terms are imprecisely estimated or are sensitive to the
controls included. For idiosyncratic shocks, the interaction terms are generally small and often
not statistically significant, in line with theoretical prediction that their pass-through does not
depend on persistence. Overall, the empirical patterns provide tentative evidence for the model’s

persistence-based comparative statics.
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Table B6: Persistence in pass-through estimates, 4-digit NAICS industries

(1) (2) 3) (4) (5) (6)
Common cost shock 0.66™*  0.86*** 0.86™** 0.86** 0.80"** 0.96**
(0.04) (0.08) (0.08) (0.08) (0.09) (0.09)
Idio. cost shock 0.69"*  0.88*** 0.88*** 0.88"** 0.82%* 0.96**
(0.03) (0.04) (0.04) (0.04) (0.04) (0.05)
Common cost shock x p dummy 0.28** 0.22 0.24* 0.24* 0.43** 0.14
(0.13) (0.14) (0.14) (0.14) (0.18) (0.10)
Idio. cost shock x p dummy -0.16 —0.30"* —0.30"*  —0.30** —0.07 —0.08
(0.10) (0.13) (0.13) (0.13) (0.15) (0.09)
Sector stickiness x common cost shock —0.56"*  —047*  —0.49"* —0.23 —0.35
(0.21)  (0.21)  (0.21)  (0.32)  (0.29)
Sector stickiness x idio. cost shock —0.49"*  —0.45"* —0.45"*  —0.17 —0.28**
(0.11)  (0.12)  (0.12)  (0.12)  (0.13)
Sector stick. x common cost X p dummy —1.22%%  —2.36™  —1.98** —1.58"* —0.78"
(0.44) (0.60) (0.56) (0.56) (0.39)
Sector stick. x idio. cost x p dummy 0.21 0.08 0.16 —0.12 0.03
(0.32) (0.35) (0.34) (0.26) (0.19)
Firm stickiness x common cost shock —0.19
(0.20)
Firm stickiness x idio. cost shock —0.13* —0.12
(0.08) (0.08)
Firm stick. x common cost X p dummy 1.40%*
(0.63)
Firm stick. x idio. cost x p dummy 0.22
(0.22)
Firm-product stickiness X common cost shock —-0.14
(0.20)
Firm-prod. stick. x common cost x p dummy 0.90*
(0.53)
Firm-prod. stick. x idio. cost x p dummy 0.12
(0.20)
High ave margin industry x common cost shock —0.11 —0.14
(0.13)  (0.12)
High ave margin industry x idio. cost shock =017 —0.17"**
(0.06) (0.05)
High ave margin ind. X common cost x p dummy —0.40** —0.32*
(0.20) (0.17)
High ave margin ind. x idio. cost X p dummy —0.15 —0.08
(0.15) (0.10)
Large firm (margin based) x common cost shock —0.31**
(0.15)
Large firm (margin based) x idio. cost shock —0.28"**
(0.04)
Large firm x common cost X p dummy 0.41%
(0.23)
Large firm X idio. cost X p dummy —0.18*
(0.10)
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 0.50 0.50 0.50 0.51 0.53

Notes: Standard errors clustered at the firm level are in parentheses. *** ** and * indicate statistical significance at the 1%, 5%,
and 10% levels, respectively. The p dummy equals one if the persistence parameter is in the top quartile (highest persistence).
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B.5 Results using orthogonalized shocks

Tables B7 and B8 present estimated pass-through coefficients for our baseline specification (17),
but using orthogonalized shocks constructed from specification (19) rather than shocks constructed
using (16) the main text. In sum, the contemporaneous pass-through coefficients are very similar
to those in the baseline tables (i.e., Tables 2 and B1).

Table B7: Pass-through estimates (orthogonalized shocks), 4-digit NAICS industries

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

Common cost shock 0.71%*  0.98"** 0.97* 0.97*** 1.01%* 1.06™**
(0.06) (0.09) (0.09) (0.09) (0.09) (0.06)
Idio. cost shock 0.68***  (0.73*** 0.73*** 0.73*** 0.76*** 0.88***
(0.03) (0.07) (0.07) (0.07) (0.06) (0.04)
Sector stickiness x common cost shock —0.88***  —0.72"* —0.71** —0.82"** —0.63***
(0.21) (0.21) (0.21) (0.23) (0.17)
Sector stickiness x idio. cost shock —0.17 —0.11 —0.11 0.04 —0.01
(0.14) (0.15) (0.15) (0.13) (0.10)
Firm stickiness x common cost shock —0.26*
(0.14)
Firm stickiness X idio. cost shock —0.16**
(0.08)
Firm-product stickiness x common cost shock —0.26™*
(0.13)
Firm-product stickiness x idio. cost shock —0.18**
(0.07)
High ave margin industry x common cost shock —0.11 —0.14*
(0.09) (0.06)
High ave margin industry x idio. cost shock —0.25%*  —0.24**
(0.04) (0.04)
Large firm (margin based) x common cost shock —0.31"
(0.12)
Large firm (margin based) X idio. cost shock —0.33***
(0.04)
Observations 134,960 134,960 134,960 134,960 134,960 134,960
Firm-product fixed effects v v v v v v
R? 0.50 0.51 0.51 0.51 0.52 0.54

Notes: Standard errors clustered at the firm level are in parentheses. *** ** and * indicate statistical significance at the 1%,
5%, and 10% levels, respectively.
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Table B8: Pass-through estimates (orthogonalized shocks), 7-digit NAPCS products

(1) (2) (3) (4) (5) (6)
Common cost shock 0.77*  0.88*** 0.88*** 0.88"* 0.91%* 0.96**
(0.03) (0.06) (0.06) (0.06) (0.04) (0.03)
Idio. cost shock 0.71%*  0.72%* 0.72%** 0.72%* 0.76*** 0.85***
(0.03) (0.06) (0.06) (0.06) (0.04) (0.03)
Sector stickiness x common cost shock —-0.36"* —0.32"** —-0.30"" —0.26" —0.23**
(0.12) (0.12) (0.12) (0.11) (0.10)
Sector stickiness x idio. cost shock —0.04 0.04 0.02 0.06 0.03
(0.13) (0.13) (0.14) (0.10) (0.09)
Firm stickiness x common cost shock —0.10
(0.09)
Firm stickiness x idio. cost shock —0.24**
(0.08)
Firm-product stickiness x common cost shock —0.16*
(0.09)
Firm-product stickiness x idio. cost shock —0.217
(0.07)
High ave margin industry x common cost shock —0.23"*  —0.22**
(0.10) (0.09)
High ave margin industry x idio. cost shock —0.23***  —0.22**
(0.08) (0.09)
Large firm (margin based) x common cost shock —0.23"
(0.04)
Large firm (margin based) x idio. cost shock —0.29***
(0.04)
Observations 131,650 131,650 131,650 131,650 131,650 131,650
Firm-product fixed effects v v v v v v
R? 0.55 0.56 0.56 0.56 0.57 0.58

Notes: Standard errors clustered at the firm level are in parentheses.

5%, and 10% levels, respectively.
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C Supplementary Estimates of the Dynamic Pass-through

This section provides supplementary estimates of the dynamic pass-through of cost shocks to
prices. Section C.1 estimates the persistence of the cost (purchase price) process. We compare
these responses to those for an AR(1) cost process (constant rate of decay), and for a process
with decreasing rate of decay. Section C.2 compares the empirical estimates of cost pass-through
into prices with their theoretical counterparts. Section C.3 estimates the dynamic responses of the
frequency of price adjustment. We find some evidence of state-dependent adjustment, but argue
that the Calvo model remains a reasonable approximation for aggregate dynamics. Section C.4
reports estimates using identified monetary policy shocks. Section C.5 validates our estimation

strategy using simulated data.

C.1 Persistence of cost shocks

This subsection estimates the cost shock process directly from the data and evaluates how well

it is approximated by the AR(1) process assumed in the main analysis.

Estimation. We estimate the dynamic response of purchase prices to identified cost shocks using
local projections. In the first step, we estimate orthogonalized cost shocks 7;j; as residuals in

regression

A ln(Qijt) =0 ln(Qijtfl) + Nijt- (Cl)

In the second step, we estimate local projections using the estimated orthogonalized shocks 7);¢,

conditioning on purchase price adjustment at horizon 7 (i.e., ljji+r = 1):
ArIn(Qijt+r) = Brilijt + F Eij + Vijt+r, (C.2)

where ArIn(Qiji+r) = In(Qiji+r) — In(Qijt—1) denotes the purchase price change from ¢ — 1 to
t+7, F'E;; are firm-product fixed effects, and v;;;1- is the residual. The coefficient 3, captures the
impact of a cost innovation at ¢ on the purchase price at t + 7. We estimate the AR(1) persistence
parameter p by minimizing the sum of squared differences between B\T and p” over the first 12

months after the impulse.

Estimated shock process. Estimates of equation (C.2) at different horizons, based on our data,
are presented in Figure C1. For comparison, we show the corresponding estimates obtained from
an AR(1) process, with the persistence calibrated to give the best match to the estimated cost
shock coefficients. The figure shows that the estimated cost dynamics are highly persistent, e.g.,
fitting an AR(1) yields average persistence of 0.931 (NAICS4, panel a) and 0.924 (NAPCS?7, panel
b). Furthermore, the fitted persistence does not vary when we split samples by high /low markups
or high/low price stickiness, suggesting that the differences for estimated pass-through to selling

prices do not stem from the differences in cost processes.
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Figure C1: Underlying cost shock process

Notes: This figure shows the estimated underlying cost shock process across different sample splits. Panels (a)—(b)
present estimates for the full sample. Panels (c)—(d) split the sample by sectoral average markup. Panels (e)—(f) split by
sectoral average price stickiness. In each panel, the solid line with confidence bands shows the empirical local projection
estimates, while dashed lines show fitted theoretical paths specified in (C.3). The AR(1) case imposes = p, while the
generalized case (marked with “new”) allows separate estimation of the initial drop parameter x and the subsequent
decay rate p. All parameters (z, p) are estimated separately for each subsample.
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A notable feature of the estimated cost process is that it decays faster than the AR(1) process,
which decays at a constant rate. For example, BT (solid line, panel a) drops sharply from 1.0 at
horizon 0 to approximately 0.77 at horizon 1, and then decays slower at longer horizons. Panels
(c)—(f) show that this pattern is present when we estimate cost responses for sub-samples split by
sectoral markup and price stickiness. (Sectors are classified as “high markup” if the sales-weighted
average log margin is in the top quartile across sectors. Sectors are classified as “high stickiness”

if the average of purchase and selling price stickiness is in the top quartile across sectors.)

Relaxing the AR(1) assumption. To achieve a better match with the empirical cost process
in our data, we generalize the AR(1) assumption by allowing the effect of a cost shock €;;; on costs
at horizon 7 to follow a more flexible path ¢(7;x, p) rather than p”. Specifically, if the original cost

shock at t is €5, its contribution to the log cost at t + 7 is ¢(7;x, p) - €5, where:

q(r5z,p) =14 z, =1, (C.3)

where x € (0, 1] governs the immediate pass-through in period 1 and p € (0, 1] governs the subse-
quent AR(1) decay. When = = p, this specification reduces to the standard AR(1) with ¢(7;p) = p”.
To fit this shock process to the empirical pass-through in Figure C1, we separately estimate the
initial drop parameter x (between 7 = 0 and 7 = 1) and the subsequent decay rate p (for 7 > 2)
by fitting the piecewise function to the estimated coefficients BT. The thick dashed lines (marked
with “new”) in Figure C1 show that this modified process substantially improves the match with
the data.

What might explain the sharp initial drop (z < p) observed in the data? We conjecture that
such a response may reflect within-sector heterogeneity in the degree of persistence. For example,
a mixture of two AR(1) processes (transient and persistent) achieves a better fit with the empirical
responses than a single AR(1) process. Another interpretation is that the estimated response profile

may reflect behaviors not captured in the model (e.g., inventory adjustments by wholesalers).

C.2 Dynamic pass-through for the alternative shock process

Section C.1 documents that the empirical cost shock process departs from the standard AR(1)
assumption, exhibiting a faster initial decay between impact and period one (x < p). This section
incorporates the alternative cost shock process described in (C.3) into the model and constructs the
corresponding theoretical pass-through using the estimated data moments. We show that allowing
for this alternative cost shock process notably improves the match between the pass-through rates
estimated from the data and those predicted by the model.

We construct two sets of theoretical predictions. “Theory (new)” uses the generalized shock

path G(7; z, p) with parameters (z, p) estimated in Section C.1 by fitting the piecewise function (C.3)
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to the local projection coeflicients BT. “Theory (AR1)” imposes the standard restriction x = p.
Comparing these predictions against the empirical estimates isolates the improvement from relaxing
the AR(1) assumption. The pass-through formulas under the generalized shock process are derived

in Appendix D.5; setting x = p recovers the baseline AR(1) formulas in Appendix D 4.

Constructing theoretical predictions. We combine the shock process parameters (x,p) es-
timated in Section C.1 with structural parameters (A, ). The Calvo stickiness A is the average
non-adjustment probability within each subsample. The strategic complementarity ¢ is inferred
from the contemporaneous idiosyncratic pass-through: ¢t = 1 /d}?“ — 1 (see the expression of
theory below; note that G(0;x, p) = 1). We set the monthly discount factor to 8 = 0.995.
Define the following auxiliary functions (see Appendix D.5 for details):

SRV L VI
[ 2
AN @) = % A iYL _g(:"(p) - \/<>\+ 1-%A9) —g(;,@) —2 :
DA @, p) = p[L=bA @)l + ABp(A = p) =1, B\ p,p) = (1=0) + AN = p),
. r - T+1
(riaphg) = o + Ele) o

where > = a/D and Z(z) = Z(z) + iz = (D — zE + BX2z)/X is the synchronized feedback
coefficient, with Z(x) = (D—xE)/)\. With estimated parameters (xst, pst AEst oty we evaluate

theoretical kernels using the synchronized formulas (D.44) and (D.47):

wtheory o 1 ~(7__ J}ESt Est) \Ijtheory _ wtheory + QDESt
T _1_|_(10Estq ) P ’ T T 1_|_(70Est

7/ . Est Est yEst _Est
H (2™, p=t X550, om0,

For “Theory (AR1),” we impose x = p using pESPtl from Section C.1. All parameters (z, p, A, ¢) are

estimated separately for each subsample, and the theoretical predictions are constructed accord-

ingly.

Results. Figures C2 and C3 compare the empirical estimates (solid line with circular markers)
with theoretical predictions: “Theory (new)” (thick dashed line) and “Theory (AR1)” (gray short-
dashed line). The generalized model captures the sharp initial decline from 7 = 0 to 7 = 1 that
the AR(1) model misses, improving the fit at intermediate horizons. Panels (c)—(f) confirm that

the model captures cross-sectional differences by markup and stickiness.
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Figure C2: Dynamic pass-through: Theory comparison (NAICS4)

Notes: Comparison of estimated dynamic pass-through with theoretical predictions. Thick dashed line: Theory (new); gray
short-dashed line: Theory (AR1); solid line with markers: estimates; shaded areas: 95% CI (firm-clustered SE). Left
column: idiosyncratic kernel 1r; right column: common kernel ¥,. All parameters (z, p, A, ¢) are estimated separately for

each subsample. 4-digit NAICS classification.
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Figure C3: Dynamic pass-through: Theory comparison (NAPCS7)

Notes: Comparison of estimated dynamic pass-through with theoretical predictions. Thick dashed line: Theory (new); gray
short-dashed line: Theory (AR1); solid line with markers: estimates; shaded areas: 95% CI (firm-clustered SE). Left

column: idiosyncratic kernel 1r; right column: common kernel ¥,. All parameters (z, p, A, ¢) are estimated separately for
each subsample. 7-digit NAPCS classification.
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C.3 Extensive margin adjustments

The baseline analysis assumes Calvo pricing, where firms adjust prices with an exogenous proba-
bility independent of shocks. This section tests this assumption by examining whether the frequency
of price adjustment responds to cost shocks.

We estimate the extensive margin response by replacing the dependent variable in the local
projection specification (20) with a dummy variable indicating whether there is a selling price

change from ¢t — 1 to ¢t + 7:

C ~ I ~
Arlijiyr = 7 et Vr Mijt + FEij + Vijitr, (C.4)
~—~ ~—~
common PT idiosyncratic PT

where Arljjir = 1if In(Pyje4r) # In(Pji—1) and = 0 otherwise. Unlike specification (20), which
conditions on price adjustment at ¢ + 7, here we use the full sample using all price observations.
Under the Calvo model, the coefficients 7 and 4¢ are zero since the probability of price adjustment
is exogenous. Deviations from zero indicate state-dependent pricing behavior.

Figure C4 reports the estimated extensive margin responses. In both the NAICS4 and NAPCS7
samples, the probability of price adjustment increases in response to both common and idiosyncratic
cost shocks, with larger responses to common shocks. These results reject the Calvo assumption of
exogenous adjustment probabilities, providing evidence of state-dependent pricing. However, the
quantitative importance of these extensive margin responses is relatively small. For example, in
NAICS4 sectors, a one-standard-deviation increase in the common cost shock (o7, = 0.005) raises
the probability of price adjustment on impact by only o7, x ‘y\g x 100 = 0.005 x 0.12 x 100 = 0.06
percentage points, where ﬁg ~ 0.12 is the estimated coefficient from Figure C4(b). Similarly, a
one-standard-deviation increase in the idiosyncratic cost shock (o,;, = 0.09) raises the probability
of adjustment by o, ., x 74 % 100 = 0.09 x 0.02 x 100 = 0.18 percentage points, where 7§ = 0.02 is
the estimated coefficient from Figure C4(a).

Quantifying contribution of the extensive margin on price dynamics. To further assess
the quantitative importance of the state-dependent extensive margin adjustments on sectoral price

dynamics, we compare the estimated pass-through rates from two approaches:

t
and

e “Estimated” (direct approach): We estimate the average price responses, y.f’Es
’yTC ’ESt, via local projections conditioning on an adjustment at time ¢ while leaving the adjust-

ment status at ¢ + 7 unrestricted (i.e., we do not condition on adjustment at ¢ 4 7):

C ~ T ~
ArIn(Pijesr) = 7 et Vr Mijt + FEij + Vijttr,
—~— ~—~
common PT idiosyncratic PT

where 7);;; is the idiosyncratic cost shock and 7;; is the common cost shock. This approach
captures the combined effect of the extensive margin (which prices adjust) and the intensive

margin (by how much prices adjust).
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Figure C4: Responses of the cumulative probability of selling price changes.

Notes: Responses are estimated via local projections based on equation (C.4) for cumulative probability of selling price
changes. Left column: idiosyncratic shock response; right column: common shock response. Dashed line: theory (zero
under Calvo); Solid line with markers: estimates; shaded areas: 95% CI (firm-clustered SE).
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e “Theory (Calvo)” (indirect approach): We construct counterfactual coefficients ¢ and
7y’£ that would prevail in a Calvo model, i.e., in which prices adjust exogenously (not in

Est
- and

response to shocks). For this, we combine the estimated reset-price pass-through
\IIESt from the baseline local projection specification (20) with the estimated average price
stickiness AFs*. Under Calvo pricing, a fraction (1 — X) of firms adjust each period, and
adjustment timing is random. This implies a recursive relationship between the reset-price

pass-through responses and the cumulative responses:
Yo =v" A= AR (A=A e (r >0,

and analogously for 7¢ using WEst. The intuition is that at each horizon, the cumulative
response is a weighted average of (i) the previous response carried forward by the fraction A
of prices that do not adjust, and (ii) the current response of the fraction (1 —\) of prices that

do adjust.

By design, if state-dependent extensive margin adjustments play an important quantitative
role, we would expect the estimated average pass-through rates for combined intensive/extensive
price adjustments (fyi’ESt and 79 ’ESt) to differ from the counterfactual pass-through rates under
exogenous (Calvo) adjustment timing (7 and 7¢).

Figures C5 and C6 show that the “Theory (Calvo)” and “Estimated” lines align closely across
horizons, for both idiosyncratic and common shocks, and across sample splits by markup and
stickiness. This alignment indicates that the Calvo model provides a reasonable approximation of

the empirical price dynamics.

Hazard rate analysis. As a complementary test of the Calvo assumption, we examine whether
the conditional probability of price adjustment depends on the time since the last adjustment. The
hazard rate is defined as the probability of a price adjustment in period ¢, conditional on the price
having remained unchanged for k periods (i.e., the probability of adjustment as a function of price
spell duration). Figure C7 presents the estimated hazard rate function for selling price changes.
Under Calvo pricing, the hazard rate is constant across all price spell durations. The estimated
hazard rates are relatively flat, consistent with the Calvo assumption. Combined with the modest
extensive margin responses, flat hazard rates suggest that the Calvo model provides a reasonable

first-order approximation.
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Figure C5: Combined intensive and extensive price adjustments (NAICS4)

Notes: Comparison of estimated cumulative price responses (“Estimated”) with counterfactual Calvo responses (“Theory
(Calvo)”). The “Estimated” line shows LP estimates that do not condition on adjustment at ¢t 4+ 7, with 95% confidence
intervals (shaded area) constructed using firm-clustered standard errors. The “Theory (Calvo)” line constructs
counterfactual responses using estimated reset-price pass-through and average stickiness. Close alignment indicates the
Calvo model provides a reasonable approximation. Left column: idiosyncratic shocks; right column: common shocks.
4-digit NAICS classification.
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Figure C6: Combined intensive and extensive price adjustments (NAPCST)

Notes: Comparison of estimated cumulative price responses (“Estimated”) with counterfactual Calvo responses (“Theory
(Calvo)”). The “Estimated” line shows LP estimates that do not condition on adjustment at ¢ 4+ 7, with 95% confidence
intervals (shaded area) constructed using firm-clustered standard errors. The “Theory (Calvo)” line constructs
counterfactual responses using estimated reset-price pass-through and average stickiness. Close alignment indicates the
Calvo model provides a reasonable approximation. Left column: idiosyncratic shocks; right column: common shocks.
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Figure C7: Hazard rates for selling price adjustments.

Notes: Estimated hazard rate is the probability of selling price change as a function of months since last price change.
Dashed line: unconditional mean hazard rate; solid line with markers: estimated hazard by price age; shaded area: 95% CI.
Under Calvo pricing, the hazard rate is constant across all price ages.

C.4 Responses to monetary policy shocks

This section presents the estimated responses of purchase prices and selling prices to identified
monetary policy shocks (Sekkel, Stern and Zhang, 2025). Specifically, we regress the selling and
purchase price changes on the identified monetary policy shocks £}/ conditional on a price change

at t + T
A n(Yijeir) = v - € + FEij + Vijigr with  Yijirr € { Pijitrs Qijerr}s (C.5)

where Ar In(yiji4r) = In(Yije+r) —In(yije—1) denotes the cumulative selling or purchase price change
from ¢t — 1 to t + 7, F'E;; are firm-product fixed effects, and v;;;, is the residual.

The estimated coefficients 7 do not have a direct economic interpretation because the monetary
policy shock €M is identified only up to scale. To interpret the estimated responses to monetary
policy shocks, we normalize the estimated coefficients and standard errors by the first coefficient of

the purchase price response, ﬁ((j? :

:y\g’no,«m _ 39/;)782 and :Y‘fmorm — :y\f/:y\gg (CG)

The normalized coefficients can be interpreted as the effect from a monetary policy shock that
generates a 1 percent change in the purchase price on impact (at 7 = 0).

Figure C8 shows the corresponding normalized coefficients for NAICS4 sectors and NAPCS7
products. Theoretical values 1, and V.. are constructed assuming that monetary policy follows a

random walk process, i.e., M; = M;_1 + E{VI . Overall, the estimated coeflicients are imprecise and
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exhibit wide confidence intervals compared to theoretical pass-through values, which range from 0
to 1. We conjecture that this imprecision is driven by the fact that monetary policy shocks account
for only a small fraction of the variation in purchase price changes. Combined with the short time
span of our sample (7" < 80 for most firm-products; see Table A2), this makes it difficult to obtain
precise estimates. We verify this hypothesis using model-simulated data in Section C.5, where we

find similarly imprecise estimates in model simulations.
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Figure C8: Response to monetary policy shocks

Notes: Confidence intervals are constructed using firm-clustered standard errors. The same specification (C.5) is applied to
both NAICS4 and NAPCS?7 estimations; the differences between the top and bottom panels reflect differences in the
sampling revenue weights used for NAICS4 sectors versus NAPCS7 products.
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C.5 Validation of estimation strategy using simulated data

This section applies our empirical procedures to model-simulated data constructed to mirror
the constraints and features of the empirical setting, allowing us to assess how well the proposed
methods recover the assumed theoretical parameters. We simulate a multi-sector panel within a
Calvo price-setting environment. Each sector is characterized with sector-specific Calvo stickiness
Aj, average markup p; and market-power ¢;, calibrated to reproduce the empirical moments derived
from the 4-digit NAICS data. The simulated economy contains N=4 firms per sector and spans
T=96 monthly periods (2012—2019).

We incorporate the generalized shock path ¢(7; z, p) introduced in Section C.1. For idiosyncratic
shocks €;5+, we set (z, p) = (0.75,0.95), capturing both temporary and persistent components. For
common shocks—economy-wide monetary-policy shocks e ¥ and sector-specific shocks €j—we set
r=p=1.

The structural parameters are set as follows: the discount factor is =0.995; the monetary-policy
shock scaling parameter is 6=1000, chosen to match the empirical value of 1 /%’2 in equation (C.5);
and the innovation standard deviations are o.=1.0 for idiosyncratic shocks €;;;, opp=0.01 for

MP v
t

jt*
monetary-policy shock variance reflects our empirical finding that monetary disturbances explain

monetary policy shocks ", and 0,=0.01 for sector-specific shocks & The relatively small

only a very small share of purchase-price variation.

Optimal prices. The flexible cost (purchase price) of firm 7 in sector j (in logs) is the sum of all
previous shocks:

i 1
G =Y d(Tiw,p)eiji—r + 5 D (T + i)
>0 720

idiosyncratic common (random walk)

Let €5 = N% Zgi | €kjt denote the sector average of idiosyncratic innovations. The desired selling
price (in logs) separates into idiosyncratic and common components using the synchronized pass-
through coefficients ¥7"“(z, p) and ¥¥"(x,p) (derived in Section D.5.2, equations (D.44) and
(D.A47)):

1
Pl = Ur(@.p) (Cije—r —Fjo—r) + D _ Vil p)Ejr  + 5 Do (1,1) (17 +ehy)

720 720 72>0

J/

idiosyncratic response common response to sector avg  common response to MP and sector shocks

Infrequent adjustment. Let [;;; € {0,1} indicate an adjustment opportunity with Pr(l;;; =
1) = 1— ), (Calvo), independent over i, j,t and of shocks. The observed prices follow the following

process:

pijt = LijeDije + (1 — Lijt) Diji—1, Gijt = Lije @3¢ + (1 = Lijt) Gije—1-
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Results. We apply the same estimation equations used in the empirical analysis to simulated
data and assess the extent to which our estimation strategy can recover the assumed parameters
of the model. The simulation produces three sets of verification figures. In each case, theoretical
reference lines are constructed using the assumed calibrated parameters from the data-generating
process (x=0.75, p=0.95), allowing a direct comparison between the estimated and theoretical pass-
through.

e Dynamic pass-through (Figure C9): Six panels report the estimated idiosyncratic (;) and
common (VU;) pass-through coefficients for the full sample and for subsamples defined by
concentration or stickiness. Each panel shows the estimated coefficients with 95% confidence

intervals alongside the corresponding theoretical kernels.

e FEstimated cost process (Figure C10): This figure displays the estimated propagation of id-
iosyncratic cost shocks over time. The response begins at 1 (full impact pass-through) and
decays according to the persistence parameter. Theoretical reference lines show both the

generalized model structure and the AR(1) benchmark implied by the calibrated parameters.

e Monetary policy response (Figure C11): We estimate the response of purchase and selling
prices to monetary policy shocks by regressing cumulative price changes on the monetary
policy shock eM ¥ conditioning on Iiji4p, = 1. Similar to our empirical results in Section C.4,
the estimated pass-through of monetary policy shocks is imprecisely measured and exhibits

large standard errors.

Overall, the close correspondence between the empirical estimates and estimates from simulated
data supports the validity of our estimation strategy. These results indicate that the LP-based ap-
proach can successfully recover the underlying pass-through coefficients from panel data generated

by a Calvo price-setting environment.
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Figure C9: Dynamic pass-through (Simulated Data)

Notes: Estimated pass-through kernels from simulated panel data compared to theoretical predictions in model calibrated
to NAICS4 sectors. Solid lines with markers show LP estimates with 95% confidence intervals (shaded). Thick dashed lines
show Theory (new) computed using the true calibrated parameters (z=0.75, p=0.95); short-dashed lines show Theory (AR1
fit) with estimated p. Panels (a)—(b): full sample; (c)—(d): split by market concentration; (e)—(f): split by price stickiness.
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Figure C10: Estimated cost process (Simulated Data)

Notes: Estimated cost process from simulated data using model calibrated to NAICS4 sectors. The cost pass-through
starts at 1 (full pass-through at impact) and decays according to the underlying shock persistence. Dashed line shows
theory (new) computed using the true calibrated parameters (z=0.75, p=0.95); short-dashed line shows theory (AR1 fit)
with estimated p.
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Figure C11: Response to monetary policy shocks (Simulated Data)

Notes: Estimated responses of purchase and selling prices to monetary policy shocks from simulated data using model
calibrated to NAICS4 sectors. Solid lines with markers show LP estimates with 95% confidence intervals (shaded). Dashed
lines show theoretical pass-through computed using the calibrated parameters. Similar to the empirical results in

Section C.4, the estimated responses are imprecise due to the small variance of monetary policy shocks relative to
idiosyncratic shocks.
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D Model Details and Supplementary Theoretical Results

D.1 Producer’s problem

This section provides a more detailed exposition of the producer’s problem, including the pro-

duction technology, microfoundation of cost shocks, and price adjustment mechanism.

Production technology. Producer i in sector j uses a constant returns to scale (CRS) produc-
tion function to produce output y;;; using various inputs. Under CRS technology, the marginal

cost does not depend on the quantity produced and can be expressed as:

C(Wt, Rt, )

MCijr = A,
ij

where ¢(Wy, Ry, ...) is the unit cost function that depends on input prices (such as wages Wy, capital
rental rates Ry, prices of intermediate inputs, etc.), and A;j; is a productivity shifter.

Shocks to the producer’s marginal cost can originate from various sources:

e Productivity shocks: Changes in firm-specific productivity A;;; represent idiosyncratic shocks,

while sector-wide or economy-wide technology shifts constitute common shocks.

e Input price shocks: Changes in wages W; or other input prices. In our model, the wage is tied
to monetary policy through the labor supply condition W; = M, (equation (1) in the main

text), making wage shocks common across all firms.

e Imported input price shocks: For firms using imported intermediate inputs, exchange rate
movements or foreign price changes can affect marginal costs. These can be idiosyncratic

(firm-specific suppliers) or common (aggregate exchange rate shocks).

We abstract from the specific microfoundation of marginal cost shocks, as we do not directly
observe the underlying sources in our data. Instead, we assume that the marginal cost shocks €;;;

follow an AR(1) process with persistence p; € [0, 1] and the realized marginal cost in (log) levels is:

ln(MCijt) = Py ln(MCijt_l) + €ijt, or equivalently, ln(MCZ‘jt) = Z pTeijt—T' (D.l)
>0

Notably, we do not require the marginal cost shocks €;j; to be i.i.d. They may be correlated
both within and across sectors. For example, the variation in €;;; may arise from three components:
€ijt = €ijt + €5t + €¢, where €;j¢, €j¢, and &; denote firm-specific, sector-specific, and economy-wide
shocks, respectively. We provide a simulated example of this setting in Section C.5.

In Section D.5, we relax the baseline AR(1) assumption and allow for a more general cost

process, as described in Section C.1, deriving the corresponding closed-form solutions.
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Common vs idiosyncratic shock components. Our theoretical framework decomposes the

cost shocks into two components:

Idiosyncratic component: €;;; — € and Common component: €j; = Z Sij€ijt- (D.2)
i

The idiosyncratic component captures changes in the relative competitiveness of firm ¢ compared
to other firms in the sector, whereas the common component captures changes in average sectoral
cost (the overall competitiveness of the sector). The common component reflects two sources of
variation: (a) sector-specific €;; or economy-wide €; shocks, and (b) the non-zero aggregation of
idiosyncratic ;5 shocks due to firm concentration in each sector (i.e., the granularity hypothesis;
Gabaix, 2011; Acemoglu, Carvalho, Ozdaglar and Tahbaz-Salehi, 2012; di Giovanni, Levchenko and
Méjean, 2014).

These two sources of variations naturally distinguish themselves through their different loading
onto the idiosyncratic and common components. Sector-wide or economy-wide shocks that affect
all firms symmetrically load entirely onto the common component, leaving the idiosyncratic compo-
nent at zero. By contrast, when only firm i receives a shock of size €;; = 1, the common component
equals s;;, while the idiosyncratic component equals 1 — s;; for firm ¢ and —s;; for all other firms.
Notably, the idiosyncratic component changes even for firms not receiving the shock, as they be-
come relatively more competitive (due to lower relative cost) and thus may want to increase their
markups. Our theoretical propositions show that the idiosyncratic and common cost components

are sufficient statistics for capturing firms’ price responses.

Optimal reset price. Varieties are supplied to distributors by producers competing in monop-

olistically competitive markets. The optimal price of the producer is given by
i
Qijt = ﬁMCijt,
where 7 is the elasticity of substitution among producers’ products. It follows from D.1 that:
Qe = piQiji—1 + €ijt-

Price adjustments. We assume a producer’s price, @);j, is sticky, changing according to a
Poisson process with probability 1 — )\?: when the price adjusts, the producer resets it to the

frictionless optimal price @}.,, equal to the constant markup over its marginal cost; otherwise the

%
ijits
price remains equal to the jlast period’s price, Q;jt—1. Under this assumption, in each period a
fraction 1 — )\? of producers in sector j receive the opportunity to adjust their prices, while the
remaining fraction /\52 keep their prices unchanged.

As we document in Section 3 of the main text, in the wholesale price data, producer and
distributor price adjustments are highly synchronized. We therefore assume that the distributor

and its corresponding producer face an identical Poisson process for price adjustments, i.e., their
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price adjustments are perfectly synchronized. This assumption effectively collapses two layers of
nominal rigidity—one at the producer level and the other at the distributor level—into a single
layer, making our model more comparable to models with only one layer of nominal rigidity (Wang
and Werning, 2022; Mongey, 2021). See Section E.2.1 for more details.

D.2 Steady state equilibrium

The deterministic steady state of our dynamic model with sticky prices corresponds to the equi-
librium of a static oligopolistic competition model without nominal rigidities and without shocks.
In steady state, all prices are set at their optimal flexible levels. The key steady-state properties
are derived from the static optimization problem where firms set prices as a markup over marginal

cost, taking into account strategic interactions with competitors.

Steady-state prices and markups. In steady state, firm 7 in sector j sets its price P;; according

to the static profit-maximization condition:

P = pgj - Qij,

where p;; = ﬁi’f 7 is the steady-state markup, and ¥J;; is the perceived demand elasticity. Under
Cournot competition with CES demand, the effective demand elasticity depends on the firm’s

steady-state market share s;;:
1 -1
Vij = [9(1 — sij) + Sm} ;

which implies:
0 1

9—1'1—5”'.

Mij =

This relationship shows that, for a given elasticity of substitution 8, firms with larger market shares

s;j charge higher markups.

Steady-state market shares. The steady-state market share of firm ¢ in sector j is determined

by the sector price index and the firm’s relative price:

1-0
55 = Pijcij _ (Py)
o N; 0’
Fies >t (Pig)t 0
N 1
where P; = |57, (Pg;)™? "% is the steady-state sector price index, and c¢;j and ¢; are the

steady-state quantities consumed.
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Strategic complementarity. The strength of strategic pricing complementarity in steady state,

which governs the degree to which firms respond to competitors’ price changes, is given by:

Sij
= 0—1).
Pij 1— sy ( )
This parameter is strictly increasing in the firm’s market share s;;, reflecting the fact that larger
firms have greater incentive to absorb cost shocks into their markups rather than fully passing
them through to prices. Strategic complementarity is zero under monopolistic competition (where

si; — 0) and increases with market concentration.

Connection to static models. In steady state, our dynamic model reduces to the static
oligopolistic competition framework. With no shocks and all prices set at optimal levels, the
steady-state pricing conditions are identical to those in a static model where firms set prices as a
markup over marginal cost, taking competitors’ prices as given.

The mapping between our dynamic model’s steady state and the static framework of Atkeson
and Burstein (2008) and Amiti, Ttskhoki and Konings (2019) (AIK) is detailed in Online Appendix

D.8. In the static framework, the pass-through to an idiosyncratic cost shock is given by ¢;;; =
1_5i*t
strategic complementarity parameter ¢;; is related to AIK’s I';; through the market share: ¢;; =

where I';;; is the markup elasticity with respect to the firm’s own price. Our model’s

Siq
In the static framework (which corresponds to our model’s steady state), the pass-through to

(0 — 1) under Cournot competition.

an idiosyncratic cost shock depends on market power, while the pass-through to a common cost
shock is always 100%. Our dynamic model adds an additional layer: price stickiness interacts with
market power to reduce the pass-through to common shocks below 100%, with the magnitude of
this reduction depending on both A; (price stickiness) and ;; (strategic complementarity). This

is the key contribution of our dynamic framework relative to static models.

D.3 Closed-form solutions for contemporaneous reset prices

In this subsection, we first solve for the firm’s optimal reset price in response to both common
and idiosyncratic cost shocks, when costs are flexible (i.e., @ijt = @fjt) to prove Proposition 1. We
then show that Proposition 2 can be solved following similar steps.

D.3.1 Proof of Proposition 1

We begin by characterizing how the expected sector price reacts to an arbitrary set of firm-level

cost shocks, which follow the same AR(1) process:

~

Qe = piQiji—1 + €ijt,

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

We can re-express the sector NKPC (10) as a second-order difference equation in price levels:

(1=8X)(1 =)

At o) Qigerr @il
(]

Et | Pjtrr — AjPjerr—1 — BN (Pjegrsr — Aﬂ%tw)} =E¢ ) sy

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

solved as
. p]T“ ATHL 5 vrso (D.3)
iy = a; ; T =2 U, :
P i (L= b)) + Ay [Bpi (A — i) — 1] 7
where
A=t b \/<>\4+1bj)2—4 (D.4)
T2 | B BN Al |
aj = <Z : (1 -f-)i?) 2 zJQth> /th with Q7 = ZSijQth’ (D-5)
3 17 1
B @i (1= BA;) (1= \))
b, = Zsz'j j q +J%j) 1/ (D.6)

i
Plugging the expected sector prices back into the firm’s reset price (7), we have

7'1 'r+1
Pz* B)‘ Qz + 3 a; Q)
" 1+so Z PRt T, (=) + [ﬁp]( —pj) =117

Solving the geometric series gives

5 1L 1-p8 wij  pi— A 18BN S,
P’ O* D.7
9T Ty 1= Bp et 1+ @i 1= BNA; 1= BXjp JQJ“ (D7)
where
— a;

pj (1 =b5) + X [Bpi(Nj — pj) = 1]

The parameter s; reappears in Section D.4 when deriving future reset prices.

We can rewrite (D.7) as responses to idiosyncratic and common (or average) cost shocks:

1 1— B8\ N ~ 1 wii  pj— AN — BAj
P J ( “ O ) n [ I R B j
T T - BAp ige = Que T+ T+pi 1= BAA;7 ] 1 - 5)\ng @
PT to idiosyncratic cost changes PT to common (or average) cost changes
(D.9)

Due to strategic interactions, the effects of a cost shock on a firm’s optimal reset price can be
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decomposed into two distinct components: (1) the impact of deviations of the firm’s cost from the

average cost change; and (2) the impact of average cost change. |

D.3.2 Price and cost synchronization and proof of Proposition 2

When the timing of price adjustment is perfectly synchronized with that of the cost changes,
the firm’s expected future cost during the periods that its price remains fixed is just its current

cost:
EthjHr = Z}'t vr > 0.

In this case, the optimal equations for individual (7) and sector (8) reset prices become

1 pij (1= BA)
pPro= Q4 T P AVTE, Py D10
ijt — 1+‘Pijth <1+(Pij> 7_2;)(6 j) t47jt+ ( )
E.P; =E P, = pij(1 = BA) < AV, P
thjt — tzsw z’jt—ZSU1+ l]t+z mZ(ﬁ ) t ]t+T .
‘ v 7=0

Using the relationship ]Et-f)jt+7' =(1- )\j)IEtPJ*tJrT + )\j]Et]?’jtJrT,l, we have

E; [Pgt+r Y P]t+7' 1— BA; (P T+l — )\jﬁjt+r)}
= (1= A)E: <P]*t+r ﬁ)‘jpﬁ+7+1>
1=BX)A=Xj) 5

1 ij (

2

1—=X) (1= BAjipj) A i (L= BA) (1 = X)) 5
_ Zsij( i) ( jpj)Qijt-i—’r—i_EtZsij(p]( Pl J)Pjt-i—q—

L+ i (14 i)
B (1=X) (1= BNp;) ;A pij(L = BN = X)) 5
- ; " 1+ i Py Qi+ B ; v (1 + ij) Fier

Rearranging the above equation, we obtain a second order difference equation for E;Pjiy,11,

EtﬁjHT, and Et13jt+T—1 with the exogenous (shock) term given by >, Sij%w_if)\mpj it
Solving the dynamics gives
+1 T+1
~ p; = A 1—BXjp; -
EtPjt—i—T = J J /8 ]pj an;ft \V/T Z O, (Dll)

pi (L —=0;) +X; [Bpi(Aj — pj) —1] 1= BA;

where Aj, aj, and b; are defined in (D.4), (D.5), (D.6), respectively.
Finally, plugging the expected sector prices back into the firm’s reset price (D.10) and solving

the geometric series gives

S L A eij  pi—N 5.
P*, = k) Q% D.12
G L S W (D-12)
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D.3.3 Extension: Two underlying shock processes

In this subsection, we show that a similar expression to (D.9) 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 @i[jt components of the cost process @ and arbitrary serial

*
it
correlations in the residual terms €;; and €;;; of these two AR(1) processes:

A Al AC
Qijt = Qije + Qj
Al 1AL

it = P Qijt—1 + €ijt

AC CcAC
Qjt = pj Qji—1 + €t

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 common
shocks in deriving the expected change in sector prices. Under these conditions, the expression for

expected sector price becomes more complicated:

Aq Ay

Etﬁ‘t T =
TN (B — pD) (A2 — DAy — p9) (Ao —

) Kjiyr (D.13)
with

Kjirr = — d;jQ5(05) M (Ary — p)) (Ao — pf) — a;Q5(p1) T (A1 — 0§ ) (Ao — p5)
+ AT Q5 (A1 — ) (Ao — ph) + a; QT (A1 — p) (Aayy — pgc)]

where Aj ; = A; is the stable root from (D.4), b; is given by (D.6), and

1 1—b; 1-b;\> 4
S+ J 4 ()\- + J> — = unstable root),
2 J ﬁ)\j \/ I 6)\]' 5 ( )

Ao j

(]

1= -X) =1\ A 5 5
o (SO ) 05 v Q=T

N A=A =)
GEX T gy

Plugging (D.13) into equation (7), we can solve the optimal reset price as

= 1— 8\ ~ ~ 1— B\, Oi s ~,
P, = ’ Qije — Q) + ’ + = Hj(p)a; | Q]
1—pBA; ii ~
+ B2 L ”Hj(pjc)dj] Q5 (D.14)

+
(1= BXp5) A+ wij) 1+ i
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where H;(p) is the two-shock feedback function defined for any persistence p:

ArgAas(1— B)
Hi(p) = J02,j J ' D.15
)= ST RasbA) (e — 2)(T— o) (D49
Note: H;(p) differs from the future-reset feedback function H;(7) (defined in Section D.4), which

takes a horizon 7 as its argument. The function #;(p) handles two shocks with potentially different

persistence, whereas H;(7) tracks how a single shock propagates across future price resets. When
p = p; and the shock is common to all firms (so that a; = d;), the two-shock expression reduces to
the single-shock case involving s¢;. Therefore, as in the single shock case, the optimal reset price
response to the cost shocks can be decomposed into idiosyncratic (the first term of (D.14)) and
common (the second and third terms of (D.14)) components. Note that the solution holds for any

arbitrary realization of {€;;;} and €;;, and does not require the shocks to be independent.

D.4 Closed-form solutions for future reset prices

This section derives closed-form expressions for future reset prices P* conditional on the

gt+T
shock history through period ¢ and no shocks after t. We present the two key results—for flexible
costs and synchronized sticky costs—as formal propositions with complete proofs. We re-use the
definitions of A;, a;, b;, and s¢; from Section D.3, and introduce the shorthand D; and the feedback

function H;(7).

Notation. Recall Aj, aj, b; from (D.4)—(D.6), and »; from (D.8). Define the shorthand functions:

Dj = pi(1 =) + X [Bpi(Nj — ps) — 1], (D.16)
1 1—BX;
Yij(pj) = : -
3(03) L+ 1—BAjp;
P7~—+1 A7,—+1
Hi(t) = (1= B\;) 2 J — J , D.17
- pT.+1 AT
Hi(t)=(1—=B\ipj) »; J — J . D.18

Note that s¢; = aj/D; by definition. We will also use the root identity

p— B ) (1-8NA)
J Aj

)

which follows from the sectoral price difference equation.

Under Calvo pricing, the expected sector price satisfies

EtﬁjHT =({1-X) Etﬁftw +Aj Etlgjt+T—1-
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Rearranging gives

B Etﬁjt-‘r’r —Aj Etﬁjt—‘r’r—l

EiPjiyr = 1= (D.19)
Recall from (D.3) that
. p7j+1 _ ATHL R R
E¢Pjir = =2 D, I a; Q= (p7 - A;H) 5 QG-
J
Using »j = aj/Dj, JEtIS;HT can be expressed compactly as
Se o __ |PiTA Aj=Ajvr | e

D.4.1 Future reset price: flexible costs

Proposition D.1 (Future Reset Price: Flexible Costs). Under flexible costs, where the firm’s cost

follows an AR(1) process Et@?jtﬁ-v—i—h = pjT-"'h(:?\;‘jt for all h > 0, the firm-level future reset price at

horizon T s

L+ @ij

Pryr =i (o) 07 (@i — Q3) +9 wig (o) ] + 2 Hjm}@;t, (D.21)

idiosyncratic component direct cost —
feedback via Pj,.

where Vi (pj) = ﬁ 11;3@;] and H;(T) is defined in (D.17). Setting T = 0 recovers Proposition 1.

Proof. At t+ 7, the firm’s reset price (evaluated at t) satisfies the granular Phillips curve:

-, 1— B\ . .
Piyr = ] (5>‘j)h |:EtQijt+T+h + ij Ey jt+T+h} : (D.22)
L+ i h>0

Step 1: Cost decomposition. Write Et@fjHTJrh = p]T-+h(Afjt - A;‘ft) + p]T-Jrh@jt.

Step 2: Idiosyncratic term. Evaluate the geometric sum:
1—-BA\;
1+ i >0

(BA)" T (@ — Q) = i (p3) 05 (Qle — Q).

Step 3: Direct cost term. From the @jt component:

1- B,

X)) TR = i (p:) pT OF,.
1+ i h>0(ﬁ i) Pj QJt d’w(ﬂy)ﬂj Q]t
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Step 4: Feedback via sector prices. Using (D.3),

. A%f T+1 AT+1
D (BN EPjsrin = T -
h>0 Dj 1- ﬁ)\jpj 1- 5)\]'1\]'

Multiplying by % @;j and using s; = a;/D; gives

1-— ﬁ)\ 03 -
9013 Z B)\ t+7’+h -] _'_Z] ~ Hj(T) th.
h>0 ij
Step 5: Combine. Adding Steps 2-4 yields (D.21).
Step 6: Verification at T = 0. The direct-cost term becomes v;;(p;) @;ft, and the feedback term

equals

Pij Pj Aj A pij  1-PBX\; pi— A A
U (1 ) - Q3 = - Qi
1+902‘j ( J) J 1—5)\jpj 1—ﬁAjAj Jt 1—!—(,02‘]' 1—,8/\jpj J 1—5)\]'/\]‘ Jt

using the identity - gﬁ\jpj -1 é\)fj vl e /\]pj')_(A A Collecting terms recovers Proposition 1.

O

Consistency: sector vs. firm averages. Aggregating (D.21) across ¢ with weights s;; yields

E B a; PJT' ~ a;b; paTH AT D93

b, A= X) (1—=BN: A
Using (i) D +bjp; = (pj = \)(1 = BA;p;) and (if) gl = Ay — A (from by = =)=l

J

this simplifies to the sector expression in (D.20).

D.4.2 Future reset price: synchronized sticky costs

Proposition D.2 (Future Reset Price: Synchronized Sticky Costs). When producer and distributor
adjustments are synchronized (same Poisson rate \j), so that the firm’s cost relevant for its price
spell remains constant at its reset-time value—i.e., the cost that enters the pricing decision at
which the firm expects to remain unchanged throughout that

reset time ¢ + 7 is BeQyy - = 0] Q5

spell—the firm-level future reset price at horizon T is

~ 1 ~ 1 Vi ﬁ)\ ip ~
jzi — _O* T J | T 7JJAT+1 *
ijt+7 1+ ©ij p] (Qz]t Q]f,) +{ 1+ ©ij pj + 1+ Dij 2 p] 1 — ﬁ)\ A Qgt
idiosyncratic component direct Z;mmon

feedback via ﬁ]
(D.24)

Setting T = 0 recovers Proposition 2.
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Proof. At future reset time ¢ + 7, the firm’s cost (in calendar time) is Et@;‘jt =P A;‘jt. Under
synchronization, this cost stays constant within the price spell starting at ¢ + 7: the firm expects
its cost to remain at p; A;‘jt for all h > 0 periods while its price is fixed. Meanwhile, the sector’s
average cost continues to evolve as AR(1) in calendar time: Et@;t ok = p]T.Jrh Aj-t.

Step 1: Cost decomposition. Under synchronization, the firm’s cost relevant for pricing is
Et@;‘jt = p}@;‘jt, which stays constant for all h. Decompose this into sector and firm-level

components:

EtQfjisr = BtQjpprin + (EQfjeyr — EtQ;HTJrh) .

sector AR(1) firm-level offset

Step 2: Sector component sum. Using Et@;t+r+h = p;Jrh@;ft:

D (BN BiQjsran = 5Q5 3 (BNps)" = 75— Qe

h>0 h>0

Step 3: Firm-level offset sum. Using Et@:jt+T =pj A;}t:

> BN (EeQijeer — EeQrran) = S (B (97Q5 — 077 Q1)
h>0 h>0
i o Pi

- Qi — 12—
1= BN

18y, @je

-

Step 4: Combine cost sums. Adding Steps 2 and 3, the common %ﬁ\jﬁj A;ft cancels:

A ) 'OT A
Z(B)\j)h EQfjrr = ﬁ Q-

h>0

1-B);
1+pij N
Step 5: Split idiosyncratic and common. Add and subtract ﬁp} %

1 T A%
T+, Pi Wit

Multiplying by gives the direct contribution

1 T A% 1 T ( A% A* T A%
T4 o0 (pijijijt 1t oy P (Qfe — Q5e) + 1T o P;Qjt -

idiosyncratic direct common

Step 6: Feedback sum. Under synchronization, the sector price path is given by (D.11):

= 1= BAjpj A«
E¢Pjttrin = (,O;Jthrl - A;+h+1) % 1—751] Qjt-
j
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Summing over h:

6)\ hE P, . — 2 JFI J o J Q* )
hZZ%( ]) tL jt+1+h J 1_5}\] 1_5}\]97 1—,8>\]A] gt
Multiplying by % ©;j, the (1 — ;) factors cancel, yielding:
T+1 ATHL 1 — B AT
Pij (1= Bip;) P B j @* _ Py o (1= BAjp;s) j O
1+ Pij J Iy — 5)\]',0]' 1-— ,BAjAj Jt 1+ Pij N 1-— ,8)\]'1\]' Jt

Step 7: Combine. Adding Steps 5 and 6 yields (D.24). For 7 = 0, the feedback term simplifies:

(1= BXjp))A;  pi(1—BNA;) — (1= BNjpj)N; — pj— Ay

P T B A 1— BM\A, T 1-BNA

recovering Proposition 2. ]

Comparison with flexible costs. Both the idiosyncratic and common pass-through coefficients

differ between synchronized and flexible costs.

e [diosyncratic: Under synchronization, the coefficient is Pj /(14 ;j), while under flexible costs
it is ¢;j(p;)pj. These differ by a factor of (1—58A;)/(1—BA;p;), reflecting the fact that under
synchronization the firm’s cost relevant for pricing remains at its reset-time value throughout

the price spell.

e Common: The direct common term is p7/(1 + ;;) under synchronization versus v;;(p;)p]
under flexible costs—again differing by (1 —5X;)/(1—SX;p;). The feedback terms also differ:
under synchronization the sector price formula (D.11) has an extra factor (1—5X;p;)/(1—8A;)
relative to the flexible case (D.3). This factor cancels with (1—3\;) from the granular Phillips

curve, producing the simpler feedback expression in (D.24).

Consistency: sector vs. firm averages. The synchronized feedback function ]:VI]'(T) from

(D.18) can be equivalently written as

T+1 T+1
Pj Aj

1-—- ﬁ)\jpj B 1- B)‘jAj ’

Hy(1) = (1 - BAjp;) 54

Aggregating (D.24) across i with weights s;; and using the definitions of a; and b; yields

A
D igt T Pij A
B> s =07 ) sug —l—ZZOij () sy +Z(3Pij O
i i i
T o)y S T aa) Ty

H; (1) ;t'
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Substituting the definition of H j(7) and simplifying delivers the sector closed form consistent with

the synchronized sector price (D.11).

Remark: Generalization. The results above assume a standard AR(1) shock process where
costs decay at rate p; from the moment of impact. Section D.5 extends these formulas to a more
general shock path ¢(7; z, p) (defined in Section C.1) that allows the initial drop x to differ from the
long-run persistence p. Setting x; = p; in the generalized formulas recovers exactly the propositions

above and Propositions 1-2 from the main paper.

D.5 Extension with a more general shock process

This section extends the closed-form solutions of Section D.4 to a case with the generalized shock
path G(7;z, p) introduced in Section C.1. Section C.2 uses these formulas to construct theoretical

pass-through predictions and compare them with empirical estimates.

Notation. Let firm ¢ in sector j receive a cost shock @ at date t. Using the sector-specific

*
ijt
notation ¢;(7) = ¢(1;x;, p;) from (C.3), the expected cost at horizon 7 evolves as

2 ) ~ ~ ]_ T = 0
EiQfjesr = Qljed5(7),  where gi(r) =4

The drop parameter x; € (0,1] governs immediate pass-through in period 1, while p; governs
subsequent AR(1) decay. When z; = pj, this reduces to the standard AR(1) case g;(7) = p7, and
the formulas below recover those in Section D.4.

Define the sector average cost shock as @;t =) Skj@;;jt’ so that
EtQ;tJrT = Q;t q;(7).

We retain the definitions from Section D.3: A; from (D.4), a; and b; from (D.5)—(D.6), and ;
from (D.8). We also use D; from (D.16) in Section D.4. Define the auxiliary quantity

Ej = (1=1bj) + BA;i (A — pj)- (D.25)
Note the identity p;E; = D; + A;, which we will use in derivations below.

D.5.1 Future reset price with flexible costs

Before deriving firm-level reset prices, we solve for the sector price path EtﬁjHT under the

generalized shock. The sector price satisfies the second-order difference equation (from (10)):

(1—-0b;+ BA?)EtﬁjtJrT ~ NEPjrsro1 — BNEPjyri1 = a; Et@§t+7—7 (D.26)
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with forcing a; q}(T)@}ft and initial condition Etﬁjt_l = 0.

Lemma D.1 (Sector Price under Generalized Shock: Flexible Costs). The sector price path under

the generalized shock is

By Pjtir = 5 [%‘P]T- +Ei(x) AT QY 720, (D.27)
where D (D:+A) D 5
Ej(zj) = 2L j‘)\‘ S )\'] 7, (D.28)
PN j
When x; = pj, we have Zj(pj) = —1, and (D.27) reduces to Etf’jHT = %j(p;H - A;H)A’;-t,

recovering (D.3).

Proof. The general solution to (D.26) is the sum of a particular solution and the homogeneous
solution C'A7 (the unstable root is excluded by transversality).

Step 1: Particular solution for 7 > 1. For 7 > 1, the forcing is aja:jp;-_l A;t. Try Etﬁ].(fJ)rT =

cp;_l. Substituting:

(1—b;+ ﬁ/\?)cp;_l — )\jcp;-_Q — BAjep; = aj:xj,o;_l.

Dividing by p] *:
c[(1=bj)p; + BAipj — Aj = BAp3] = ajwip,

c[(1=bj)p; + N (Bpj(Nj — pj) — V)] = ajz;p;,

C- Dj = ajxjpj.

Since »j = a;j/Dj, we have ¢ = x;p;;, giving Etﬁj(ﬁr = x;xp; for 7 > 1.
Step 2: General solution. Write EtﬁjHT = xjxjp; + AA]T for 7 > 0, where A is determined by

the 7 = 0 equation.
Step 3: Determine A from T = 0. Substituting into (D.26) at 7 = 0 (with Etlgjt_l =0):

(1= b + BAY) ()56 + A) — BAj (256505 + AN;) = a;.
Using a; = Djs; and collecting terms:
wjoi[(1=bj + BAT) — BAjpj] + A[(1 = bj + BA3) — BAjA;| = Djs;.

The coefficient of A simplifies using the characteristic equation: (1 —b; + ﬁ)\g) — BNA; = N /A;.
The coefficient of x;2¢; equals (1 — b;) + BA;(Aj — p;) = E;. Thus:

Aj%'
Aj

{L‘jEj%j =+ AAj/Aj = Dj%j = A= (Dj - ijj) = Ej(xj)Aj%j'

o4



Step 4: Final expression. The sector price is Etlgjpﬁ = xjip; + Z(x)Njre AT = sejlzip] +

SHENIYAR
Step b: VETify baseline case. When T = pPj: Ej(pj) = (Dj—ijj)/)\j = (Dj—Dj—)\j)/)\j = —1,
SO EtﬁjHT = x; (p]TJrl A]T.H), matching (D.3). O

Feedback function. Using Lemma D.1, the geometric sum of sector prices is:

pT AT+1 R
M) YEi Py rsn = it 4+ () ——— | Q% D.29
Define the generalized feedback function:
Hj(riaj) = (1= B\) 2 |2 G1p(7) + 5 (27) A3 G50 (7)] (D.30)

where G; (1) = pj /(1 — BAjp;) and Gja(1) = A7/(1 — BAjA;). When z; = pj, this reduces to
H;(7) from (D.17).

Proposition D.3 (Future Reset Price with Generalized Shock: Flexible Costs). Under flexible
costs with the generalized shock path G;(T) = ¢(7;2;, pj), the firm-level future reset price at horizon
T2>01s

Ppr = 055 (Qiye — Q) + WX Q5, (D.31)
——

idiosyncratic response ~ COMMON response

where the idiosyncratic pass-through coefficient is

1-— ﬂ)\jpj + Bijj

=0
1— B 1= BAjp; ’
e = N N (D.32)
T Lt q;(7)
—_— T>1,
L= BAjp;
and the common pass-through coefficient is
whox = yfle | f”j —Hj(7; ;). (D.33)
sz]
Setting x; = p;j recovers Proposition D.1. Setting T = 0 and x; = p; recovers Proposition 1.
Proof. Start from the granular reset-pricing condition:
. 1—pBA; ~, ~
PijtJrT = 7] (BAj)h [EtQijt-f—T-f—h + ©ij EtPjt+T+h : (D.34)
14+ Pij h>0
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Step 1: Cost path. Under flexible costs, firm i’s cost continues to evolve after time ¢:
EtQjtrrin = Qe @i (T +h) = ngt %PJTM bofor T4+ h> 1

Step 2: Geometric sum of cost path. For T > 1:

T—1

q T T— Pj ;(7)
SOBN G+ 1) =SB s = T S (B = L — .
h>0 h>0 ’ ’ h>0 —BAjp; 1 =PBAjp;
For 7 = 0, the sequence is {1, z;,2;p;,%;p3,. ..}, 50:
- ﬁ/\jxj ﬂ)\]p] + ,3/\ xj
B G (h) = 1+ BNja; Y (BAjp)F =1+ =
D> _(BX)"4;(h) 575 ) (BAips) e b s

h>0 k>0

Step 3: Idiosyncratic term. The idiosyncratic component (@ @;t) enters only through own

ijt
costs. Combining with Step 2, the coeflicient is 1#3‘3’; as given in J(D.32).

Step 4: Direct common term. From the Q;’ft component of own costs, the geometric sum from
Step 2 gives %ﬂ]@; @;‘t

Step 5: Feedback via sector prices. Using (D.29) and (D.30):

( — B)\ Pij
_— E 13)\ E =
1 i £ t ]t+T+h

1] AN
Hi(t;25) Q%.
1+(Pz] .7( J)th

Step 6: Combine. Adding Steps 3-5: Pl = 1#?;’7‘( Afjt — A;t) + 1/13? A;t + 71172” Hj(T; xj)é)\;ft,
yielding (D.31)—(D.33). O

Connection to baseline. When z; = p; (AR(1) case), we have ¢;(1) = p] and Z;(p;) = —1.
1-8),

The idiosyncratic coefficient becomes 1% = ¢, (pj)pj where v;;(pj) = ((ETERTe ey wat
] IFJ

1],T

Proposition D.1. Substituting into (D.30):

recovering

H; (13 p) = (1= BA)) 55 03 Gip7) = A Gin(7)] = Hy(7),
which recovers exactly the baseline feedback function H;(7) from (D.17).

D.5.2 Future reset price with synchronized sticky costs

Under synchronization, the sector difference equation has the same left-hand side as (D.26)
but a different forcing term. As derived in Section D.3 (see equations around (D.11)), under
synchronization each firm’s cost stays constant within its price spell. The sector NKPC forcing
involves the term @;‘t g 6/\j@;t T

(1_bj+ﬂ)‘?)EtPgst?T: )‘jEtPgstyfrc 1 5)‘jEtPjtyfrc+1 ﬁ)\ [EtQ]HT BA; EtQ]t+r+1 (D.35)
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Under the generalized shock ¢;(7), the forcing simplifies to 4 (1=Bips) 5 q;(t )Q* for 7 > 1, but at

=B,
(1=BAjz;)

7 = 0 the forcing is WQ* (since ¢;(1)/q;(0) = z;, not p;).

Lemma D.2 (Sector Price under Generalized Shock: Synchronized Costs). The synchronized sector

price path under the generalized shock is

sync 1- /8)‘jp] T = ( ) T+1
Etpjtyﬁ'T = % [W.’ﬂ p] + /8)\ A Q]t’ T Z 0, (D36)
where 2
= - Dj — z;Ej + BAjz;
:j(ﬁﬂj) = :j(l‘j) —+ B)‘j'xj = J . (D37)

Aj
When z; = pj, we have éj(pj) = -1+ BAjp; = —(1 = BAjp;), and (D.36) reduces to (D.11).

Proof. The proof parallels that of Lemma D.1, but requires careful treatment of the forcing at
7=0.

Step 1: Forcing term structure. Under the generalized shock, the synchronized forcing involves
Qe — BNQiriy = @(1) = BN (r + 1)]Q%,. Since Gi(r + 1)/g;(r) = pj for 7 > 1 but
q;(1)/q;(0) = x;:

e For 7 > 1: forcing = M%W@j(ﬂ A;t
J

e For 7 = 0: forcing = CLJ(%@;\;IJ) A;t

Step 2: Particular solution. For 7 > 1, the forcing is a; 11 ng\pj :L‘]p; 9] *,. Following the same

algebra as in Lemma D.1, the particular solution is E Pstyf: ) _ 11;8%?1’] #p; Q]t

Step 3: General solution. Write ]EtP]SZfTC = (11_;6;7\?] Tj P} + Asy"CAJT) Qj, for 7 > 0.

Step 4: Determine A%V from 7 = 0. At 7 = 0, the forcing is aj(%g;\\;m (not aj(tigijp]))
Substituting:

(1—b; + ﬁA?)(l;_ﬁggjﬂ' 23 + Asy”0> B (11% LB g sepi + Asy”CAj> = ;.

Using a; = Djs;, the characteristic equation (1 —b; + 5/\?) — BAjA; = X\j/A;, and (1 —b; —i—ﬂ/\?) —
BAjpj = Ej:

1=BNjpj . . 1. syneXj _ 1=BAjz;
=, Li7 B+ AR = gt D

Solving for A%Y™¢ and using the identity D; = p,; E; — A;:

P

A

= 5% | Ds = 2B + BN (03B — D)
A Zi(xg)i A
oty | Dy — 2By + BXa; | = Saleihs,

o7



Step 5: Final expression. The sector price is:

psync | 1=BXjpj . T _‘J(IJ) T+1
B Py r = %J[ 5, LiPj T 155, Aj Jt

Step 6: Verify baseline case. When x; = p;, we have Ej(pj) Ej(pj) + BNjpj = =1+ BAjp; =
—(1 = BAjpj), so

1-8A 1-8A 1-8A
Etpjst;%:z: _ [ - 5[3;\03 p;+1 175 ]p7 AT+1i| Q]t =L 55107 % (p;——i—l AT+1)Q]t7
matching (D.11). O

Comparison: Flexible vs. Synchronized sector prices. Comparing Lemmas D.1 and D.2:

® Flezzble Etﬁjt-i-T = %] [x]p; + E] (.T])AT+1} ]t

sync o 1-BX;p; Zi(xj) A 74+1
jtrr j[ 1—ﬁijjf'3jp;’ + 1],3§ AT ]

e Synchronized: E.P it

The synchronized and flexible formulas differ in their treatment of the homogeneous term coefficient.
Under the generalized shock, the synchronized forcing at 7 = 0 involves (1 — SAjz;) rather than
(1 — BAjpj), which leads to the modified coefficient Ej(:z:j) = Zj(z;) + BAjz;. When z; = pj;, we
have éj (pj) = —(1 — BAjp;), and the synchronized formula reduces to (1 — BAjp;)/(1 — BA;) times

the flexible formula.

Synchronized feedback function. Using (D.36), the geometric sum of synchronized sector

prices is:

1—BAjp;  Tipj S@) AT |5
AV PRV A il J Ao ; j
};(5 D) BBy = % [ 1— BN 1—BX\ip; L. BA; 1= BAA; Ui

2 " AT-H R
_ J T L= J *
- 1_5}\] x]pj—i_ ](x])].—ﬂ)\]AJ Q]t

Multiplying by (1 — 8;), the factor in the denominator cancels. Define the synchronized feedback

function:

AT+1

Hy(riei) = o5 [e305 + E5w) 7] (D.39)
where (as defined in (D.37))

~ Dj — ijj + ,3)\?1‘j
)\j '

:j(:nj) = Ej(l’j) + B)\j{L‘j = (D.39)

Then:

~

( - B)‘ Pij h s nc Pij 7
RPN AR P = L H (1) Q- D.40
1 +SO7,] = 6 t jt+T+h — 1 +(pz] J( J)th ( )
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When z; = p;, we have Ej(pj) =Zi(pj) + BAjpj = =1+ BAjpj = —(1 — BAjp;), and

T+
Hj(7;p5) = 2 [P]T-H == BNei) T é)\,A,
754
T+1 T+1
Pj A;

)

= (1= BAjp;) [

1-— B)\jpj - 1-— ﬁ)\jAj
matching ij(T) from (D.18).

Proposition D.4 (Future Reset Price with Generalized Shock: Synchronized Sticky Costs). When
producer and distributor adjustments are synchronized, so that the firm’s cost relevant for pricing

at reset time t + T—namely @;}-HT = Q;‘jt ¢; (1) —remains constant throughout that price spell, the

firm-level future reset price at horizon T is

D sync [ A A sync A
it = %;:T (ijt - Q;t) + ‘I’JT Qi (D.41)
~ —_—

idiosyncratic response ~ COMMON Tesponse

where the idiosyncratic pass-through coefficient is

pre= L g, (D.42)

and the common pass-through coefficient is

Viie =¥ir T fifpij H(r; ), (D.43)

where ﬁj(T;xj) is the synchronized feedback function from (D.38). Setting x; = p; recovers Propo-

sition D.2. Setting T = O recovers Proposition 2.

Proof. Under synchronization, when the firm resets its price at time ¢ 4 7, its cost relevant for

pricing—@fjt 4, —Tremains constant throughout that price spell. The granular condition becomes:

~. 1 ~ ©Vij R
‘Pijt+'r = 1+ ©ij Q;‘kjtJrT + 1 +pr (1 - 6)\_]) Z(ﬁ)‘j)hEtPjt—FT-s—h-

v h>0

Step 1: Constant cost within spell. Under synchronization, the firm’s cost stays at its reset-time
value @fjt 4, for all h > 0 periods while its price is fixed. Thus:
1-pN 4T _ 1 Or
T+ 1-BX 14y U7

1 -8\
T+ 155

(BN Qjrir =
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Step 2: Direct cost term. Using @%HT = @;jt g;(7):

1 = 1 ~
1T+ o0 ?jtw:m‘lj(ﬂ it

)

Step 3: Split idiosyncratic and common. Add and subtract %%(jj(T) 0

Jt
1 ~ 1 ~ ~ ~
7~'T ¥, :7~-7' - * +7~-7— *
1+ Vij q]( ) Qz]t 1+ ©ij QJ( )(szt Q]t) 1+ Vij C.I]( ) Q]t
Ui Q= Q1) ViR,

Step 4: Feedback term. Under synchronization, the sector price follows (D.36) rather than the
flexible-cost path. By (D.40), the feedback via synchronized sector prices contributes:

(1= BXj)eij he Ssyne g T\ A
14y hgo(mj) BePjiyrin = mffy‘(ﬂ zj) Q-
Step 5: Combine. Adding Steps 3 and 4 yields (D.41)-(D.43). O

Comparison with flexible costs. Both the idiosyncratic and feedback components differ be-

tween flexible and synchronized cost cases:

e [diosyncratic: Under flexible costs, Q/JZﬂje’T‘ includes the factor (1 — SA;)/(1 — BA;jp;). Under
sync

synchronization, wijT = ﬁq‘j(r) is simpler because the firm’s cost relevant for pricing
5 ij

stays at its reset-time value throughout the price spell.

e Feedback: The feedback functions H;(7;z;) (flexible) and H j(T;2;) (synchronized) differ
because the sector price dynamics differ. Under synchronization, the sector price (D.36) has
an extra factor (1 — SA;p;)/(1 — BA;) relative to the flexible case (D.27). This factor cancels
with (1 — ;) from the granular Phillips curve, producing the simpler synchronized feedback
(D.38) without the (1 — \;) prefactor.

Summary of pass-through coefficients. Dropping sector subscripts for notational clarity, the

idiosyncratic pass-through coefficients under the generalized shock process ¢(7;x, p) are:

1
Synchronized: Y(z, p) = m(j(ﬂ ,p), (D.44)

1-BN
T+ )0 ﬁ)\p)Q(Taan)a (D.45)

1— 1-— A
Flexible (1 = 0): 8™ (x, p) = 1 f; ’ 16 Apﬁj;pﬁ -

T

Flexible (1 > 1): ¢! (z, p) = (

(D.46)
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The common pass-through coefficients are:

Synchronized: W™ (2, p) = Y2 (. p) + L (i), (D.47)
¥

Flexible: Wlex (g p) = iz, p) + %H(T; x,p). (D.48)
P

The feedback functions are:

Flexible: H(riz,p) = (1— BN) s | —7 4 5( )Ni+1 (D.49)
exible: T T, p) = P 1= G Hxl—ﬁ)\A , .
- - T+1
Synchronized: H(t;z,p) = |:£L',0 + :(x)l—ﬂ/\[\] , (D.50)
where » = a/D and
_ D—zE = _ D — zE + X’z
=(z) = , E(x) =Z(z) + A = b .
A A
The auxiliary functions are:
(1 — A1 - A) (1-=pNA-A)
(790) 1+g0 ? a( ’SD) 1+(p 9
1 1-b 1-b\* 4
A(A,(p)—i )\+ﬁ)\_\/<)\+ﬁ)\> _B 5
DX\ p,p) =p(L=b) + A[Bp(A—p) = 1], E(X¢,p) = (1=b)+ BAA—p).

Setting © = p recovers the baseline AR(1) formulas from Section D.4. When =z = p, we have
Z(p) = —1 and Z(p) = —(1 — BAp). The empirical analysis in Section C.2 uses the synchronized
formulas (D.44) and (D.47).

Figure D1 illustrates how the drop parameter z and persistence p shape pass-through dynamics.
Panel (a) displays the shock path ¢(7;z,p) from (C.3): the standard AR(1) case (x = p = 0.9,
blue) decays smoothly, while < p (green) produces a sharp initial drop followed by slower decay.
Panels (b) and (c) plot the synchronized pass-through coefficients 7" and W™ from (D.44)-
(D.47). Panel (b) shows idiosyncratic pass-through 7" = ﬁ(’j(r), which is proportional to the
shock path since idiosyncratic shocks do not trigger strategic feedback. Panel (¢) shows common

pass-through U3¢, which additionally includes the synchronized feedback term ﬁf[ (1;2) from
competitors’ price responses. The key takeaway is that allowing x # p generates pass-through with

decreasing rate of decay, which appears to be the case in the data.

D.6 “Feedback” and “strategic” effects

Our theoretical solutions account for both the “feedback” and “strategic” effects defined by
Wang and Werning (2022) (WW). Specifically, WW define the feedback effect as those channels
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(a) Raw Shock Process

1 \ : :
—-—z=09, p=0.9
0.8 —4— 1 =20.6, p=0.9 ||
' ——x=0.6, p=20.6
06
-
=
0.4
0.2
0 9
0 2 4 6 8 10
Horizon 7
(b) Idiosyncratic Pass-Through (¢) Common Pass-Through

Horizon 7 Horizon 7

Figure D1: Shock and pass-through dynamics for alternative (x, p) combinations.
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that already exist in static models (channels i and ii mentioned below) and the strategic effect as the
additional effect due to the fact that each firm internalizes that, in the words of WW, “its current
pricing decision can affect how its rivals will set their prices in the future.” In this appendix, we
discuss the difference between these two effects through the lens of our discrete time oligoplistic
competition Calvo model.

To fix ideas, it is useful to start by thinking about how equilibrium is reached in a static version
of the model (i.e., where firm optimization considers only the current period). Consider a two-
period problem: the firms start in their steady state in period ¢, and there are small shocks to the
marginal costs of the firms {J\Zﬁﬂ}fgl int+1.

In the static setting, the model can be solved fully non-linearly separately for each period (i.e.,
t and t 4 1) by solving a fixed point problem that involves a system of first order equations:

N,
Dije({ Prji} o
Py = it Pyt ) M, Vi=1,..,Nj, (D.51)

N.
ﬁijt({ijt}kiQ -1

where Pjj; in equation (D.51) is the best-response of firm 4 for the given marginal cost M;; and
competitors’ prices { Pyj¢ } k- The Nash equilibrium is formed when no firm wants to deviate given
the set of prices ({ijt}gi ;) and the underlying costs ({Mkjt}gi ;) in the industry. It is worth

noting that this equilibrium accounts for the fact that

(i) a firm’s pricing decision affects its competitors pricing decisions, i.e., P;;; appears in the best

responses of Pyjs; and

(ii) the firm’s competitors’ pricing decisions affect its price, i.e., P;j; is a function of {ijt}k7,gi as
shown in (D.51).

It is worth noting that taking first order approximations does not affect the properties of the
solution. Approximating the solution around the market structure at ¢, we have the following
expression for the firm’s optimal markup

~ ]. o -~ ~
Hijier ® — 5 Vijte1 = —Pijt [Pz'jt+1 - Pjt—i—l] :
ijt —

The log-linearized system of equations in (D.51) is given by

Pijty1 — E Skjt Prjit1
k

Pijir1 = Miji — pije [Pz'jt+1 — Pjt+1} = M;jt+1 — Pijt Vi=1,...,Nj.

(D.52)

We see (D.52) has the same property of (D.51), i.e., it accounts for both (i) and (ii). The only

difference is that, with the log-linear approximation, we can solve the system of equations in closed
form.

The “Naive” model in static setting. WW illustrate the difference between the “feedback”

effect and the “strategic effect” by specifying a “Naive” model where only the “feedback” effect is
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present. To discuss the key assumptions made by WW, we start with the “Naive” version of the
static model described above. To facilitate the comparison of our results with those of WW, we
analyze the case of symmetric firms and common cost shocks (i.e., ]\//.Tkjt+1 = ]/\Zijt-i-l = J\//.Tjtﬂ =1).
Under these assumptions, we can rewrite the first order conditions in (D.52) as

~ 1 @it B .
Py = + L p; Vi=1,..,Nj. D.53
i5t+1 1 n (Pjt 1 + SOjt Jt+1 J ( )

The key assumption made by WW is that the deviation of the firm’s optimal price from its
new steady state price is a linear function of its competitors’ deviation from their new steady state
prices. Applying this assumption in the static model, and integrating the fact that pass through

to a common cost shock is 100%, results in

Pjis1 —1=0Y (13,€jt+1 - 1) Vi=1,..N;, (D.54)
k£

where b captures how a firm responds to its competitors’ prices.

Summing (D.54) over firms, we have
Piepr = 1=b(N; = 1) (Pyss —1).

Solving for ﬁth gives ]3jt+1 = 1. Substituting back to (D.53), we have f)z‘jt_t'_l =1 Vi.
The solution also implies a response slope of B = b(N; — 1) = ¢j/(1 4+ ¢j¢) as

~ 1 Cit 5 1

P = Py, =1-B+B Piipn1=1 VYi=1,.. N,
ijt+1 1+@jt+1+¢jt jt+1 + Nj_lz kjt+1 ? 3 eees 1V

ki

In this case, we have the same solution as static Nash because the assumption (D.54) does not
impose any additional restriction in the static model.

The “Naive” model in dynamic setting. Does the restriction in (D.54) make a difference
in the dynamic version of the model? We proceed to derive price dynamics in the dynamic “Naive”
set up by WW. Our derivation here follows closely from WW, with the key difference being that
our model features discrete time while theirs features continuous time.

As in the static case, we start with the first order conditions of the firms, which now depend

on the full trajectory of future sector prices:

Py = (1= BN (BN Ee[Myyr — (B} — Pjrsr)]
T7=0
1— B = — -
=7 ﬁ@ > (BAEd[Myir + 9Pjri]. (D.55)
7=0

We next analyze the expected change in the sector price following the assumption of WW,
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where a firm’s reset price is a function of its competitors’ prices. From Calvo, we have
EtPejtrr = (1 = NE: Py + APpjtrr—1 (D.56)

Imposing WW’s restriction that a firm’s reset price is a linear function of the sum of the deviations

of its competitors’ prices from their optimal steady state prices:

Ei(Pjiyr — Pijr) = b (EePijesr — Pyr), (D.57)
ith

we can rewrite (D.56) as:

Ei(Ppjtrr — Prjr) = (1 — )\)Et(ﬁgjﬁrr — Piyr) + M Prjesr—1 — Prjr)
=(1-XA)p Z(Etﬁijt—o—ﬂ- — Az'jT) + )\(ﬁkjt+7'fl — 13ij)
ik
= (1= )b (BePyjrsr — 1) + A(Prjir1 — 1) (D.58)
ik

where ﬁij is the (log) change in the price in the new steady state at 7' (when all prices are fully
adjusted) relative to the price in old steady state before the common cost shock at t. The second
line imposes the restriction, with b = B/(N — 1) captures how a firm responds to its competitors’
prices. The third line uses the fact that the flexible price pass-through of a common cost shock is
100%, i.e., Prjr = 1.

To obtain the expected sector price dynamics, we sum over the expected individual price dy-

namics:

1 = 1 ~ 1 ~
N gEthjt_i_T —1= (]. — )\)bﬁ Z Z (Etf)ljt-‘m' — 1) + A (N ;Etpkjt-‘r’r—l - 1)

k I#k
With the assumption of symmetric firms, % Dk EtﬁijT =E; Ajt+T and
(EeBjesr — 1) = (1= NN = D)(EcPjrsr — 1) + MEcPjrrrr — 1).

Rearrange and get

(1—\)(1— B) A
1-(1-ANB ' 1-(1—-NB

EtPjtyr = EiPjiyr—1

Solving the dynamics gives
E:Pjtyr=1— ———— =1 — (AN D.
Psr =1 (1= =55 (AN, (D.59)

where (D.59) corresponds to the third equation on page A.31 of WW’s Online Appendix.
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To complete the solution, we now solve for B. First, we substitute (D.59) into the first order

condition (D.55). Solving the dynamics gives

) 2 — 7 (1 _—=__F7  ANaive
iyt 1+§0+1+30( 1_/3)\ANa1vc >
o _1-B\
-1 _ __ ANaive D.60
1+ © 1— BAANalve ( )

Second, we verify the reset price solution under assumption (D.57):
Pii—1=bY (EPy—1) = B(Pj — 1) = —BAN™ (D.61)
ki
Together, we get a system of two equations to solve for B and AN#ive
. A
ANalve _
1-(1-X\)B

® 1—BA
B = -
1 "“P 1 _/3/\ANa1ve

Finally, solving B gives

_ 142N =B+ A) — V(=14 B8\ — 20 + Ao+ BAp)? —4(1 — N)(1 +¢)(1 - BNy

B 21 =X (1 +¢)

Special cases. First, without market power (i.e., ¢ = 0), we have B = 0 and AN*v¢ = \. Second,
without price stickiness (i.e., A = 0), we have B = /(1 + ) and ANave — (),

Comparison. Recall that, under our benchmark solution, the aggregate price dynamics in a

model with homogeneous firms and sectors can be written as
ﬁt+7 - ﬁtJrT,l = (1 - A)AT and ﬁtJrT =1- AT+1,

where

A

1+ Ap+ BAN + @) _\/<1+/\g0+ﬂ/\(>\+<p)>2 4

1
2 BA(L+ o) BA(L+ o) B

In the “Naive” model, the price dynamics take the same form, with a different adjustment factor
ANa‘ive:

ﬁt+7’ B ﬁt+T*1 _ (1 B ANa'ive)(ANa'ive)T and ﬁt+T —1_ (ANa'ive)T-i-l_
To compare the aggregate dynamics of the two models, it is sufficient to compare AN¥Ve with A.

Figure D2 plots the ratio of the two adjustment factors. As in WW, we find the difference is

negligible for realistic values of A and ¢.
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(a): A/AN#ve and price stickiness (b): A/AN¥Ve and str complementarity
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Figure D2: benchmark vs “naive” dynamics in response to a common cost shock

Discussions. Why does the “strategic effect” not play a big role in the price dynamics of the
model? Does this result suggest the firm’s reset price has limited impact on its competitors’ future
reset prices?

To answer these questions, we need to understand the restrictions imposed by (D.57). The key
difference between the naive and the benchmark model lies in how firms take expectations about
the their competitors’ prices. In the naive model, the expectation is formed based on assumption
(D.57) and equation (D.58). In contrast, in our benchmark model, the expectation is formed based
on (D.55). The key restriction imposed by (D.57) is that a firm’s reset price in ¢ + 7 only depends
on its competitors’ prices in ¢ + 7. However, this does not mean that a firm’s reset price has no
impact on its competitors’ future reset prices. To see this, we can iterate expression (D.56) forward
to see how firm k’s reset price at t influences other firms’ reset prices at ¢t + 1, ¢ + 2, etc.

At t+1:

EtPyjiyr = (1= NEePyq + AB Py

At t+2:

EiPrjero = (1 — NE:P 40 + AEPyjra
— (1= NE By + A {(1 — NE B0 + A [(1 — NE By, + Aﬁkﬁ_l} } . (D.63)

Therefore, even if firm 4’s reset price at ¢ + 7 only depends on the expected competitors’ prices at
t+ 7, the fact that the expected competitors’ prices at t+7 implicitly depend on their reset prices in

earlier periods, i.e., Ethjt+T(P,;“jt, Pliitsos P,:‘jHT_l), makes the optimal reset price of firm 7 at
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t+, P

it Al implicit function of {P,:jt, Py SHETRRS ,P,;“jt +T_1} . Consequently, the restriction

(D.57) does not preclude the possibility that a firm may implicitl}lfC Téspond to its competitors’ reset
prices in the earlier periods.

What the restriction (D.57) imposes is that the firm’s reset price at ¢ + 7 responds to its
competitors’ earlier reset prices in a specific way — the importance of firm k’s reset price at t, ﬁ,;"jt,
for firm 4’s reset price at ¢ + 7, P, ., is given by AT(1 — A), as illustrated by (D.62) and (D.63).
Figure D2 shows that when the response factor B is solved to ensure consistent expectations (i.e.,
(D.60) and (D.61) hold), the restricted “Naive” solution provides a very good proxy for the true
dynamic solutions. This implies that the expected future price index of a competitor, Etﬁkjt+77
provides a good summary of all the prices (P,:‘jt7 P,:jt IRTRRE P,;‘jt ) that a firm needs to consider

when resetting its price.

D.7 Derivation of the sufficient statistic ¢ under Kimball demand
In this appendix, we show how the key statistic for the degree of strategic complementarity in

our model ¢;; can be derived under Kimball demand.

Elasticities under a general demand function. The pricing problem of the distributor under

a general demand function can be written as

- Ue(cttr)/ P
7 YVe\Ct41 t+1 * *
H};%fi Eq Z (BA) Ud(co)/P; (Pt = Qfjtsr) Cijtrs
E =0
where @7}, , is the nominal marginal cost of distributor ¢ of sector j in period ¢ + 7.

First order condition w.r.t. the reset price P;;t is:

o

T Uc(ct+7)/Pt+T ;]'H'T
E AN — L 1- Yijtrr | Cijtar = 0,
t TZ:;) (ﬂ ) UC(Ct)/Pt + P{;t Jt+ C Jt+ O

where ;54 is the demand elasticity:

*
Ocijirr Lt
OF% Cijt4r

Vijtyr = —

With the assumption of log utility, U.(ci47) = 1/¢i4+, the optimal reset price can be written as

pro_ By Y020 (BA)” YijerrCijisr
VB (BA)T i — D)cijerr/Qfjyr

Therefore, we get the same solution as in our benchmark model. Under the assumption of
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Kimball demand, we have’

0
P, 3
Cijt = {1 —€¢ln < P; )} Cjt,

where £ is the superelasticity that governs the extent to which the firm adjusts its markup to cost

shocks. The effective demand elasticity is given by

0
Pi*'t
L in ()

In the more general demand system developed by Amiti, Itskhoki and Konings (2019) that

Eidijerr = Bt (D.64)

nests the Kimball and Atkeson and Burstein (2008) as special cases, the demand elasticity can be

derived as®

Siitar Xiittr . 0
Eidijerr = Et |:3ijt+7- + Xijt+r (1 - mtf X”t‘f ﬂ with  xijtr = - (D.65)
Zi Sijt+r Xijt+r 1— fln (P ijt )
Jt+T

Re-deriving theoretical results. It is worthwhile noting that, if we could express the expected
markup as a function of the relative prices, then all of our previous steps in deriving the closed-form
solutions will carry through. That is, we need to find the expression of ¢;; such that the following
relationship holds:

o~ 1 foN] A* ~
]Et)uijtJrT ~ _ﬁEtﬂijtJrT = _(101] [PZJt _ EtPjt+T] )
v]

In our benchmark setting, we have

Siq 0—1
piy=0-1)7——=(0-1 <0 Hij—1>-
ij

Under Kimball demand, it can be shown that

When firms are ex ante homogeneous, v;; = 6 and

iy = 9%‘ (D.66)

With the sufficient statistic ¢;;, we can follow the same steps to obtain the closed-form solutions
of the firms optimal reset prices in Propositions 1 and 2 and calculate the sector and aggregate

dynamics according to Proposition 3.

"We use the functional form of Klenow and Willis (2016). See Appendix B of Gopinath and Ttskhoki (2010) for
more details.
8See Appendix D of Amiti, Ttskhoki and Konings (2019) for more details.
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Comparison. Under a first-order approximation, we could obtain the same firm-level, sectoral,
and aggregate dynamics in our benchmark sticky-price oligopolistic competition model as in the

alternative multi-sector monopolistic competition Kimball model if there exist calibrations of the

Benchmark __ , Kimball
ij = Pij

superelasticity §; such that ¢ . However, due to the differences in the underlying
microfoundations of market power ¢;; in the two models, achieving an exact match at the firm level
is often difficult.

When firms are symmetric within a sector, it is possible to calibrate the superelasticity &; or 6;
to achieve an exact match, resulting in @?emhmark = gpﬁﬁmban. In this case, the aggregate dynamics
in the homogeneous firm sticky-price oligopolistic competition model will be the same as those in
the alternative multi-sector monopolistic competition Kimball model.

Finally, if the primary concern is matching the total real impact of monetary policy, it is possible
to calibrate a one-sector Kimball model to simultaneously match (i) the average degree of price
stickiness observed in the data and (ii) the cumaulative output response to a permanent monetary
policy shock produced in our benchmark multi-sector model presented in column 5 of Table 3.

Specifically, one can calibrate £ such that:

AKimball(g) B Z ‘ A?enehmark
1 AKmball(g) — 2~ Y] Z pBenchmark”
J J

D.8 Mapping to Amiti, Itskhoki and Konings (2019)
D.8.1 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 fized-point equation for any given price vector of the competitors
D—it:

Dit = mcit + i (Pit, P—it; &) (D.67)

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

Totally differentiating the best response condition (D.67) 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:

N
O (pe; &) Opi (pe; &) O (pe: &)
dpyy = dmeyy + ~2 DS Qe ¢ T DS g, N T T AL S g D.68
Dit t apit Pit ; Opre Dkt ; (%kt Skt ( )
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The markup function u;(-) can be evaluated for an arbitrary price vector p; = (pit, P—it), and
therefore (D.68) characterizes all possible perturbations to the firm’s price in response to shocks to
its marginal cost dmc;;, the prices of its competitors {dpg; } ki» and the demand shifters {d&kt}gzl.
Solving the fixed point for dp;; in (D.68) results in:

1 T 1
dp;t = ——— dmg; dp_; — D.69
Dit 141, mc;: + 1+ 1Ty p—it + 1+ 1Ty Eit, ( )

where ) ,
Ly = O (P &) and TI'_;= Z M’

Opit ki Opit

Opi (pe; &) /Opre
D i O (P &e) /Opkt

dp_it = Zwkt dpke  with  wi =
ki
N

_ o 9w (P &)
Eit = ; W A&
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 qi = q; (pit, pe; &), 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

Sk
dp—it = Z 1_ ;kt dpp- (D.70)

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:
P—it = Pit' (D?l)

A key implication of AIK Proposition 2 is that, under the relatively mild conditions imposed
by AIK, 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 (D.69)) should sum to one:

1 | -
14Ty 14Ty ( )

AIK empirically test (D.72) with Belgian data and find strong empirical support of this theoretical
relationship.

Remarks. 1t is worth noting that the decomposition (D.69) 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
firm’s price change dp;;, directly estimating (D.69) can result in substantial bias. To address this

concern, AIK use proxies of the competitors’ cost changes as instruments for the competitors’ price
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changes.

D.8.2 Response to cost shocks under the AIK framework

In what follows, we derive an alternative decomposition in terms of exogenous shocks, which
can be estimated directly using observed cost shocks.

First, note that we can rewrite the price change decomposition (D.69) as follows:

1 '

dpsp = —— d dp_is + ——e;

Dit 1471, mcit + 1+T; P—it + T FitEZt
& d L dmen T dp g — (D.73)

it = ——— dmcy + ——— dp—; E; )

bt 1+ T 1Ty bt 14Ty
& (1 —=5i)(1+Ty)dpi = (1 — Si) dmeiy + Ty Z Skt dpre + (1 — sit)eu (D.74)

ki
& dpi = L= dme; + I dp; + igit (D.75)

1—Si+ Ty 1 —sit + it T—si+ T

where (D.73) uses relationship (D.71); (D.74) uses relationship (D.70); and (D.75) uses the definition
of the sector price index such that dp; = ), si dpre. Note that the only endogenous variable in
(D.75) is the changes in the sector price index dp;.

Next, to solve for dp;, we aggregate expression (D.75) across all firms:
Z s dp‘ _ Z Szt( Szt dme:, + Z ztszt d + Z Sit(l — Sz't) . (D 76)
— L—si+Ti L~ sit + T —~ 1=+ Ty " '

Rearranging (D.76), we can express the changes in the sector price index dp; as a function of

exogenous marginal cost and demand shocks:

dpt = Z Szit dmeceip + Z @itsit (D77)
i i
with .
— Sit ~ PitSit
it =-———— and = e,
Pt = sit + Lt it >k PhtSkt

where, as we show below in (D.79), ¢; > 0 is the firm’s response to idiosyncratic shocks and @;; > 0
is the implicit importance weight of the idiosyncratic shocks with >, 5 = 1. When g4 = 0 Vi,
expression (D.77) is equivalent to the expression in AIK Proposition 3.

Finally, substitute (D.77) into (D.75) and we get the solved version of the price change decom-

position:

dpit = [pit + (1 — @it)Pit] (meir + i)+ (1 — pir) Z Pkt dmege + Z PktEht
k#i ki

pass-through to own cost and demand shocks  pass-through to competitors’ cost and demand shocks
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It can be shown that, under a common cost or demand shock, the price pass-through of each firm
is 100% as
it + (1 = 0it)Bucl + (1 — @in) D Pre = 1.
ki

Defining the common cost and demand shocks as
dme; = Z o dmey and g = Z DitEits (D.78)
i i

the price change decomposition can be re-expressed in terms of common versus idiosyncratic shocks:
dpit = ir(dmey — dmey) + dmey + pi(eir — €¢) + &4 (D.79)

The first term of (D.79) shows that the pass-through rate to an idiosyncratic cost shock (dmey —
dmey) is well defined and given by ;. The second term shows that, in this static framework,
the pass-through rate to a common cost shock is always equal to 100%. 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
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 D3).?

Unlike ATK’s original decomposition (D.69), our decomposition (D.79) involves no endogenous
variable and thus does not need an instrument. Assuming the demand shocks are exogenous and
iid. (as in AIK), equation (D.79) can be directly estimated using OLS provided that a good

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

D.8.3 Cournot vs Bertrand Competition

Consistent with the literature, we have assumed Cournot competition in our benchmark 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 D4 contrasts the sufficient statistic ¢ (6, s) in our model under Bertrand and Cournot compe-
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.

9From the definition of ¢;; = 1/[1 +T'(si)/(1 — sit)], 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.

73



I'(s): markup elasticity w.r.t. own price ©(s): price elasticity w.r.t. idio. cost shock

4 [ [ [ 1 T T T T T ]
351
31 0.8 -
2.5
g 0.6 3
2 [
1.5 0.4 -
1 [
0.2 -
0.5
0 | | | | 0 | | | | |
0 02 04 06 0.8 1 0 02 04 06 0.8 1
Market share, s Market share, s

Figure D3: 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.
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Figure D4: Sufficient statistic ¢(6, s) under Bertrand vs Cournot competition
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D.9 Nonlinear duopoly model with Calvo price adjustments

To what extent do our closed-form solutions provide a good approximation for theoretical re-
sponses? In particular, two concerns may arise: (1) theoretical responses are derived under the
assumption of small shocks, but in practice, the idiosyncratic shocks can be large; and (2) by taking
first-order approximations, we might miss important channels revealed in a fully nonlinear dynamic
model.

To address these concerns, we fully solve a dynamic oligopolistic Calvo model without taking
any approximations and compare the model solutions to our theoretical counterparts. Due to
computational constraints, we solve a model with duopoly distributors—a market structure in which
strategic interactions among firms are the largest. If we indeed missed any important channels in
our approximated model, it would likely be reflected in this setting. We also remove the restriction
of perfect synchronization so that our setting is more comparable to Wang and Werning (2022) and
Mongey (2021).

Model setting. In the beginning of each period, the firm observes its own and competitors’ past
prices {P;j—1,P—ij1—1}, and its own and competitors’ current costs {Q;j+, @—ij+}. These are the
four state variables in each sector Sj¢ = {Piji—1, P—ijt—1, Qijt, Q—ij . Within the period, firms
recognize that each firm faces an exogenous probability 1 — A; that it can reset its price. As in

Mongey (2021), we assume that within a period, all moves are simultaneous, meaning that firms

do not respond to each other’s new prices.'"

Formally, the problem can be written as
V(Sja) = (1= M)V (Sj) + A VY(S)
with
VOU(S;4) = Ijg?f (L= X)) [7(Pf 4, Poij(Sje), Qije) + BEV (P 1, Pij(Siit), Qijer1, Q—ijir1)]

+ X [7(B 4y Poije1, Qije) + BV (P, Poiji—1, Qijusr1, Q-ijus1)] 5 (D.80)

and

VY (S ) = (1= X)) [m(Piji—1, P—ij(Sj1), Qijit) + BEV (Piji—1, P—ij(Sjt), Qijits1, Q—ijit+1)]
+ X\ [m(Piji—1, Piji—1, Qijt) + BEV (Pyjt—1, P—iji—1, Qijt+1, Q—iji+1)];  (D.81)

where P_;;(S;+) is the firm’s competitor’s reset price for state Sj; and the expectation E is taken

The key difference in the model we set up here and that of Mongey (2021) is that the probability of price
adjustment is exogenous in our model. When the probability of price adjustment is endogenous and state dependent
(due to a menu cost), obtaining analytical solutions is very hard (if not impossible). A key benefit of relying on
a Calvo framework lies in its analytical tractability, where we are able to solve the model for an arbitrary market
structure of a sector (rather than restricting the solution to duopoly markets).
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over the cost processes Qijt+1,@—ijt+1. The first line of (D.80) and (D.81) gives the profit and ex-
pected future value when the firm’s competitor has the opportunity to reset its price to P_;;(S;),
whereas the second line gives the corresponding values when its competitor does not have the
opportunity to reset its price (and thus stick to P_;;¢—1). As in Wang and Werning (2022) and
Mongey (2021), we consider symmetric policy solutions. That is, if the two firms’ market condi-
tions are swapped, they would have chosen the same strategy as their competitor has chosen, i.e.,
P_ij(Pijt—1, P-iji—1, Qijt, Q—ijt) = Pij(P-ijt—1, Piji—1, Q—ijt, Qijit)-
Simulation setting. The firm’s profit function is given by

(P, Peijit, Qijit) = (Pit — Qijit)Cijie
where

Demand for distributor i’s good: ¢;;; = (Pijyt/P}t)iervt
1
Sector price index: Pj; = [(Pz‘j,t)l_e + (P—ijﬂf)l_e] -

Distributor ¢’s cost:  In(Qjj+) = pIn(Qijt—1) + €ijt (D.82)

The within-sector elasticity of substitution is set to § = 3, the household discount factor is set to
the standard value 8 = 0.98'/12, and the idiosyncratic shock is drawn from a normal distribution
N(0,02) with 0. = 0.25. We simulate a partial equilibrium model with heterogeneous duopoly
firms, incorporating AR(1) cost shocks as described by (D.82).1! We simulate 10*2 different models,
varying the underlying price stickiness A; and the persistence of the cost shock p. In each model, we
simulate 1,000 industries for 100 periods. We estimate our empirical specification on the simulated
data from the fully non-linear model.

Figure D5 compares the estimated and theoretical relationships. The dashed lines show the-
oretical pass-through coefficients under our first order approximated solution in Proposition 1,
evaluated at the mean market share (s = 0.5) across simulations periods. The dots represent the
pass-through estimates from the simulated data. As seen in Figure D5, the estimated coefficients
align well with theoretical predictions.

Remarks. The empirical and theoretical coefficients may not be exactly the same for two reasons.
First, our theoretical prediction is evaluated at the average market share of a firm across all periods.
With large idiosyncratic shocks, a firm’s market share can substantially deviate from this average in
some periods. As a result, the estimated coefficient may differ from theoretical prediction because
the latter is evaluated with the “wrong” parameters. For example, in the full nonlinear model,
the competitor’s price adjustment may be slightly different when accounting for the fact that the

market structure, upon receiving an idiosyncratic shock or a price adjustment in the last period,

"'Note that, under the assumptions of (1) log consumption and linear labor and (2) Cobb-Douglas aggregated
consumption across sectors, the price dynamics can be solved separately in each sector (and the aggregate price
change can be obtained by aggregating the sector prices). Therefore, verifying our solution in the partial equilibrium
model is sufficient for this purpose.
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(a): Persistence of cost shock p = 0.6

(b): Persistence of cost shock p = 0.8
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Figure D5: Comparing theoretical vs estimated responses

differs from the steady-state market structure where our theoretical predictions are evaluated.

As seen in Figure D5, this discrepancy does not seem to be significant because the positive
biases largely offset the negative biases. This offsetting effect occurs both across firms and over
time. Within each period, the presence of a larger-than-average firm simultaneously implies the
existence of a smaller-than-average firm. Thus, evaluating the solutions at the average market share
results in an upward bias and a downward bias, which largely cancel each other out, thereby having
limited impact on the pass-through estimates. Similarly, over time, a firm has an equal probability
of receiving positive or negative idiosyncratic cost shocks. Therefore, the periods where the pass-
through is higher than theoretical prediction evaluated at the average (steady-state) market share
largely offset the periods where the pass-through is lower than theoretical prediction evaluated at
the average, resulting in a very small overall bias in the estimated pass-through coefficients using
our empirical strategy.

Second, the numerical solution is slightly sensitive to the grid points used to solve the model.
For example, alternative numerical settings could bring the fourth red point in panel (b) closer to
our theoretical prediction, though this may cause other points to be slightly off. We could achieve
a slightly better match between theoretical and estimated responses by taking the median or mean
over several numerical solutions. However, we deliberately choose to show the non-averaged version
of responses in Figure D5 to illustrate that fully nonlinear numerical solutions may also suffer from

accuracy issues and do not always provide a more informative picture.
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E Aggregate Dynamics and Implications

E.1 An example of aggregate price evolution with homogeneous duopoly sectors

In this subsection, we describe a simplified version of the model with homogenous duopoly
sectors. We do this to illustrate that, while having firms with market power means that aggregate
price dynamics are more complex than in a model with monopolistic competitive firms, these
dynamics can still be succinctly represented in a simple Calvo form. Figure El illustrates the
evolution of sector and aggregate prices in this version of the model. Starting from the steady state
at t = 0, we characterize the exact price dynamics in the model. As shown in the figure, at t = 1
there are four types of sectors based on the price adjustment patterns: (1) sectors where both firms
adjust their prices, denoted as [A, A]; (2) sectors where only the first firm adjusts its price, denoted
as [A, NJ; (3) sectors where only the second firm adjusts its price, denoted as [N, A|; and (4) sectors
where neither firm adjusts their prices, denoted as [N, N]. The proportions of these sectors are
given by (1 — )2, (1 — M)A, (1 — A)A, and A%, respectively. It is evident that the realization of
sector prices no longer follows standard Calvo due to the limited number of firms and the discrete
realization of the Calvo process 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
ﬁl = (1 — )\)ﬁlA + )\ﬁlN = (1 — )\) (1 — )‘)ﬁ[A,A] + )\ﬁ[A’N]} + A |:(1 — )\)ﬁ[N,A] + )\ﬁ[N,N] , (El)
with

Piaay = s1Payja.a) + s2Payi(a
ﬁ[A,N] = s1PajanN) + 2Py
Pin,ap = s1P0 + 52P,| N, 4]

~

Pivny = Fo

where s is the (within-sector) market share of firm 1 and sg is the (within-sector) market share of
firm 2; ﬁAﬂ[ A,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

its price decision, we have

Define

Piy=s <ﬁA1|[A,A] + ﬁAl\[A,N]) + 52 <ﬁA2|[A,A] + ﬁA2\[N,A]> = SlﬁAl\[A,.] + 52ﬁA2\[.,A]'
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ﬁlA = (1 — )\)ﬁ[A,A] + )\ﬁ[A,N] N,A] + Aﬁ[N,N]

Psaaa Psaan Piana Psann Psnaa Pinan Pinna PsnNN

Figure E1: Illustrating the realization of sector and aggregate prices

Notes: This figure illustrates the discrete realization of the sector prices in an economy with ex-ante symmetric firms and
homogeneous duopoly sectors.
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We can rewrite the aggregate price as
ﬁl = (1 — )\)ﬁl,l + )\ﬁo.
Similarly to expression (E.1), for price adjustments in period 2 we have

P = (1- )\)2132AA +(1- )\))\132AN + A(1— )\)132NA + A2 Poyn,

where
Poaa = (1= N2Paaaa + (1= NAPaaan + A1 = NP Taana + A2Pga Nn;
Poan = (1= APy an + (1 = NPy an) + A1 = NP nva) + A2Pan,vg;
Poya=(1—N2?Pyaan+ 1= NAPyaany + A1 =N Pyana + A Pyana;
Poyn = (1= N)2Pynaa + (1= MABynan + A1 — NPy v + A2 Pyy -

With some rearrangements, it can be shown that
ﬁg = (1 - )\)ﬁz,g + )\ﬁl.
where

Pyy=s1(1-)) [(1 ~ N Puyjian )+ /\ﬁAl\[AAN.]} + 812 [(1 ~ N Pujiana) + )‘ﬁA1|[AN7N.]}
+ 812 [(1 - )\)ﬁAl\[NA,A.] + AﬁAlHNA,N.]}
+s2(1 = A) [(1 ~ N Pogjiaaa + )\ﬁAQHN.,AA]} + 52\ [(1 ~ N Puyjia,an + )\13A2|[N.,AN]]

+ 524 [(1 - )‘)ﬁAz\[A.,NA] + )‘ﬁAQHN.,NA]} :

Further iteration provides expressions for ﬁt 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 for
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.

E.2 Aggregate dynamics in the symmetric benchmark and proof of Corollary
1

In this subsection, we prove Corollary 1 and discuss the aggregate price and output dynamics of

our model using a simplified version of the model with symmetric firms and homogeneous sectors.
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We start by aggregating the sector prices. From (9), we know the expected sector price follows
Et‘Pjt+T ~ (1 - A)Et—P‘;kt+7- + AEtPjt-‘rT—l'

As illustrated in Appendix E.1, the realization of the sector prices depends on the realization of

the Calvo process, and in general,
Pjrir # (1 )\)ﬁ;frl-T + APjiir1.

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 ~ =~ ~
Prr =5 Y Pitsr = i D (L= NP, + jAZ Pjtrr—1 =1 = AP+ APyr1,
J J J
where J is the number of ex-ante homogeneous sectors.
Similarly, we can aggregate the sector NKPC (10) and re-express it as a second-order difference

equation of aggregate price levels:

(1= BN =N

EiQpir + 0Prr) ¥r>0. (B2
1+ 9) (EQiir +0Pryr) V72> (E.2)

Prir = APipr—1 = BM(Prirs1 — APpyr) =

Under a permanent monetary supply shock at ¢ (i.e., ]\/ZHT = 1VY7 > 0), the desired producer

price @;“ moves one-to-one with the shock:
EQiir = Qfyr = Myyr =1 V7 > 0. (E.3)
Substituting (E.3) into (E.2), the aggregate price dynamics can be solved as
Pir—Pyr1=(1=AA" and P, =1-ATt

where

A=

1
2 BA(L+ @) BA(L+ @) B

1+ Ap+ BAN + @) _\/<1+A@+/3A(A+¢)>2 4
B

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

monetary supply shock at ¢ can be calculated as

oo oo oo A
A D _ T+1 _
D Crir =) (L=Pur) =3 A™ =1—%
7=0 7=0 7=0
As ¢ — 0, the dynamics of the model converge to a standard Calvo model with A — A. The
output amplification relative to a standard Calvo model is given by H and the additional price

stickiness relative to a standard Calvo model is given by A/A. Figure E2 illustrates the effect of

81



strategic complementarity on price and output dynamics in this homogeneous sector model. The

figure also reports the effect of strategic complementarity on NKPC slope factor 1/(1 + ¢), as

described in Corollary 1. |
(a) NKPC slope factor, 1/(1 + ¢) (b) Additional stickiness, A/
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Figure E2: Effect of strategic complementarity on price and output dynamics in the homogeneous
sector model (relative to monopolistic competition)

E.2.1 Synchronized two-layer models versus standard one-layer models

In our benchmark model, we assume (i) oligopolistic distributors and monopolistically compet-
itive producers and (ii) both producers and distributors face nominal rigidity, with the timing of
price adjustments determined by an identical Poisson process. Alternative models in the literature,
such as Mongey (2021) and Wang and Werning (2022), have a different market structure, featuring

oligopolistically competitive producers that face nominal rigidity but no distributors. Our assump-
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tion (ii) is primarily to match the key feature in the data that distributor prices tend to adjust
simultaneously with cost adjustments.'? In what follows, we show that our benchmark model yields
the same aggregate dynamics in response to a permanent monetary policy shock as an alternative
one-layer model with oligopolistically competitive sticky price producers.

First, we note that adding an additional layer of flexible price monopolistically competitive
producers or distributors does not change the aggregate dynamics, as the price pass-through to
cost shocks is 100% in this additional layer. For example, adding flexible price monopolistically
competitive distributors to the model of Wang and Werning (2022) does not change the aggregate
dynamics. Similarly, if the prices of the producers in our benchmark model were fully flexible, the
corresponding aggregate price dynamics would be the same as in an alternative model with only
oligopolistically competitive sticky price producers and no distributors.

Second, when the additional layer of monopolistically competitive producers or distributors also
faces nominal rigidity but the timing of the adjustment is completely random and not synchronized
with the other layer, the aggregate price sluggishness is amplified, resulting in a larger output
response. This is because cost shocks are transmitted more slowly due to the additional layer of
nominal rigidity. For example, if we remove the perfect synchronization assumption in our model,

the expected change in the distributor’s cost becomes
EQuir = 1= O™Q1, = [L— A9 My, = 1— A9 vr >0,

where A€ is the degree of price stickiness in the monopolistically competitive producer industry.

Finally, when the timing of price adjustments is perfectly synchronized between monopolistically
competitive producers and oligopolistic distributors, the aggregate price and output dynamics in
response to a permanent monetary policy shock are identical to those in the model with sticky price
oligopolistically competitive distributors and flexible price monopolistically competitive producers.
This occurs because, when the distributor adjusts its price, its cost is also fully adjusted. More
formally, Propositions 1 and 2 show that the pass-through rate to a permanent common cost shock
(p =1) is the same in both models. Together with (E.3) and Proposition 3, we can infer that the
aggregate dynamics in response to a permanent monetary policy shock should be exactly the same
in these two models.

In this context, our assumption on the synchronization between the timing of 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 featuring oligopolistic competitors and
no distributors (e.g., Mongey 2021, Wang and Werning 2022).

E.2.2 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 or an exchange rate

12 Apart from the evidence in Section 3, a similar synchronization pattern has been documented noted in the retail
sector by Eichenbaum, Jaimovich and Rebelo (2011) and Goldberg and Hellerstein (2012).
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shock can no longer be considered as a “common” shock. For example, a monetary 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 sector prices (D.3) suggests that the impact of an unanticipated

permanent monetary shock depends on how it affects the average cost index of the industry @;t:

p‘r+1 _ AT+1

Bl = ) A B — ) — 1]

aQf = (1—- A1) Q% Vr>0
In a simple setting where the change in marginal cost ]\//[\C’ijt = ]\//Zg = 1 for domestically-sourced
firms and ]\/Jbijt = 0 for foreign-sourced firms, the change in the average cost index of the industry

A;t depends on the total market share of domestically-sourced firms s;p:
Q;t = SjDMt = SjD-

The aggregate price dynamics can be expressed as a function of the mean market share of domestically-
sourced firms sp = Zj a;8;p,
ﬁt-‘rT = (1 - AT+1) SD,

and when ¢ — 0, we have ]3t+7 = (1 — /\T+1) 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 shock, the amplification effect of strategic complementarity relative to Calvo remains

the same.
E.3 Aggregate dynamics in the full model and proof of Proposition 3
In this subsection, we prove Proposition 3 and show how introducing heterogeneous sectors into

the model changes the aggregate price and output responses to a monetary shock.

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

price index for type z sectors can be expressed as

~ 1 ~ 1 ~ 1 ~ . .
Pair=-—Y Pji, = - > (A =X)Pj, + - > NPjriro1= (1= M) Py, + APayr
4 z

JjEZ jEZ JjEZ

where the law of large numbers is applied to derive the second equality. However, due to sector

heterogeneity, the aggregate price no longer follows the standard Calvo form:

Pr=Y 0Py =Y a.(1-X)P5+ Y aXPoy # (1= NP + APy, (E.4)
z z z
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where A = ) o, A,. Note that the last inequality holds because ﬁzt is correlated with \,:
E[\.P.y] = E[\]E[P.y] + Cov(X,, Puy)

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

(E.4) can be rewritten as
P, =(1 = AP} + AP,_y + Cov(\., Py_1) — Cov(A,, P5)
~ ~ ~ 1 ~ ~
:(]_ — )\)Pt* + )\Pt_]_ + COU()\Z, Pzt_]_) — Cov |:)\Zu ﬁ (Pzt - )\ZPZt—].):|

~ ~ 1
=(1—-XN)P+AP,_1 —Cov [)\Z, W
Y

(ﬁzt - ﬁzt_1>] (E.5)

~

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

to sector heterogeneity.

Price and output responses to monetary shock. Under a permanent monetary shock at ¢,

the expected future price of sector j can be solved as
Et-ﬁjt—‘r'r =1- A;Jrl V1 > 0,

where

A;

1 1—b; 1-b0:\%2 4
I E N =Dy |
2177 BN \/ B B

(L= BA)L=A) Y sy

b —
J (14 ¢ij)

i
Summing over similar sectors in each structure type z, we have

~ 1 ~
Poir=— > P, =1-AT"" vr>o, (E.6)

# jEz
Using (E.6), the inflation and output dynamics can be derived as
7?zt+7' = ﬁzt-{—’r - Azt+T—1 = (1 - Az)A; and Ezt—f—r =1- ﬁzt—&—’r = A;Jrl vr > 0.
Substituting (E.6) into (E.5), we have

N I 1A,
Pt:(l_)\)Pt*+)\Pt—1_COU |:)\Z71AAZ:| .
Y]
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Cumulative output response. The cumulative output response in a heterogeneous sector mo-

nopolistic competition Calvo model is given by

Az
E,|——]|. E.7
; [1 - AJ (E7)
It is well known that the cumulative output response evaluated at the average frequency of
price adjustments of the heterogeneous sector economy, A\ = E,[)\;], is downward biased. Taking a
second-order approximation of the function (E.7), we have

by A 1 A
E |2 |~ e
[1—&] A T a7 10

But, as shown in Carvalho (2006), the cumulative output response evaluated at the average

duration of price adjustment z, = 1/(1 — \,) gives the correct impact. To see this, note

Az

where x = E,[1/(1 — A;)]. Under monopolistic competition, the cumulative real impact of a mone-
tary shock can be replicated by simply targeting the observed average duration of price adjustments.

With market power, the cumulative output response becomes

A,
E,|———]|.
’ [1 - AZ]
By the same token, the cumulative output response can be obtained by evaluating the average

market power adjusted duration of price adjustments: X, =1/(1 — A;)

A
E, [1_12} =E,[X,-1]=X-1,
where X = E,[1/(1 — A,)].

Note that, when firms have market power, the conventional average duration of price adjustment
T, is no longer sufficient to capture cumulative output amplification. In this case, accounting for
the impact of real rigidity, by targeting the duration implied by A, rather than A, is important.

To see this, we can decompose the cumulative output response into two components

A A AL(1- ) A As(1— ) A A(I— )
EZ —_— = EZ = EZ EZ VA 9
[1—AJ L—)\z (1—Az))\z] [1—AJ {(1—Az)/\z O T A A

X, -1 X,—1
:(x—l)EZ< z 1>+Covz<mz—1,x:_1>.

z

This completes the proof of Proposition 3. |
Table 3 summarizes the key quantitative impacts in different versions of the model (weighted).

Figure E3 shows the correlation between market power and price stickiness across industries and
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products.

(a) NAPCS4 Industry Estimates (b) NAPCS7 Product Estimates
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Figure E3: Correlation between market power and price stickiness
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E.4 Secular changes in market power and markups

In this section, we calculate the slope implied by secular changes in market power and price

stickiness. We combine time series on the post-war evolution of markups and price stickiness with

numerical simulations from the model to construct time series for the implied slope of the NKPC.

We assume that time variation in Canadian sector-level market power and price stickiness is the

same as the variation in aggregate U.S. market power and price stickiness. We obtain time series’

for average U.S. markups from De Loecker, Eeckhout and Unger (2020) and the average frequency

of the U.S. consumer price changes from Nakamura, Steinsson, Sun and Villar (2018).1? Figure E4

provides the two aggregate time series.
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Figure E4: Log Markups and the Frequency of Consumer Price Changes in the United States

We construct the implied NKPC slope using the following steps:

1.

Calculate sectoral strategic complementarity ¢; from estimated idiosyncratic cost pass-through
coefficients using Canadian data: ¢; = 1/t¢; — 1, where v; denotes the idiosyncratic pass-

through in sector j.

. Back out the sectoral elasticity of substitution 6; implied by ¢; and the sectoral markup s,

n 9 1
p; = <J6~ Mj—1> (6; —1).
J

i.e., using the quadratic formula:

) 2w+90j—1+\/s0§+(4w—2)90j+1
T 2(nj = 1) ’

V[Lj>1, ¢9j>1.

13We thank Daniel Villar for providing us with the series for consumer price changes.
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3. Construct time-varying Canadian markups by assuming they follow the same trend as U.S.

aggregate markups: pj; = p; - 1S uSs e

4. Impose the constraint pj; > 6;/(6; — 1) to ensure non-negative ¢;;. This constraint binds for

approximately half of the sector-year observations.
5. Calculate the time-varying strategic complementarity ¢;; = (93'9—;1 it — 1) (0; —1).

6. Calculate time-varying price stickiness using an additive adjustment: \j; = \; + AS /\gosw,
where \Y S =1- freqy S and freq,g 9 is the frequency of U.S. consumer price changes. We
restrict \j; € [0,0.99].

7. Compute the implied slope ky:

(1-BA) = M)
At ’

Ry =

where A; is chosen so that the cumulative output impulse response in homogeneous-sector
model (i.e., Sy = A¢/(1 — Ay)) equals to the cumulative output response in heterogeneous
sector model (i.e., Sy = %Z}]:l Aji /(1 —Ajy)) with

1 1—bj 1—bi\? 4
Njp == | Aje + L ()\<+ ”>—,
T\ B ¢ B B

and by = 1‘ff;'t(1 — BAjt)(1 — Aj¢). Throughout, we set the monthly discount factor to
J _
B =0.97/12 ~ 0.9975. Solving S; = S; gives A; = lftgt.

We compare three scenarios: (i) homogeneous price rigidity with no market power, where
@jt = 0 for all j and ¢, and A\jz = A; (the cross-sectional mean); (ii) homogeneous price rigidity with
heterogeneous market power, where ¢;; varies across sectors but \j; = A¢; and (iii) heterogeneous

price rigidity with heterogeneous market power, where both ¢;; and \j; vary across sectors.
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