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Abstract

Recent research finds that only large firms exhibit strategic complementarities in
price setting. Using firm survey data, we show that cost pass-through decreases signif-
icantly with firm size. To examine the implications for inflation dynamics, we develop
a DSGE model that features heterogeneous complementarities across firm size. While
standard DSGE models with homogeneous firms generate real rigidity in relative prices,
such rigidity is much weaker in our model. Large firms that exhibit complementarities
align their prices with those of small firms that more fully pass through costs. Our

findings challenge the notion of strategic complementarity as a source of real rigidity.
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1 Introduction

Recent research indicates that firm size matters for price-setting behavior. Amiti et al.
(2019) present empirical evidence of substantial heterogeneity in strategic complementarity
in price setting by firm size: “Small firms exhibit no strategic complementarities in price
setting, and fully pass through their marginal cost shocks into their domestic prices. ... In
contrast, large firms exhibit strong strategic complementarities and incomplete pass-through
of own marginal cost shocks” (p. 2357).! Complementing their research, our paper presents
new empirical evidence using firm survey data on price changes and cost changes. Our panel
regression analysis shows that cost pass-through decreases significantly with firm size. The
empirical evidence suggests that firm size could also matter for inflation dynamics.

In the literature on inflation dynamics, existing studies often use dynamic stochastic
general equilibrium (DSGE) models of the sort developed in the seminal work of Christiano
et al. (2005) and Smets and Wouters (2007) and assume that all firms identically exhibit
strategic complementarities in price setting under monopolistic competition. The homoge-
neous complementarities generate real rigidity in relative prices, since price-adjusting firms
respond more cautiously to changes in their marginal costs in order to keep their goods
prices close to those of the other firms. Consequently, the complementarities allow DSGE
models to reconcile micro evidence of moderate nominal price rigidity with macro evidence
of substantial monetary non-neutrality.? Such models, however, abstract from firm size.

We develop a DSGE model that features heterogeneous strategic complementarities in
price setting across firm size. Specifically, we introduce firm heterogeneity in productivity in
an otherwise standard DSGE model, as the size of firms in terms of output and labor input
is associated with their productivity. We then assume that low-productivity (or small) firms
face a constant elasticity of demand, while higher-productivity (or larger) firms confront a

positive superelasticity (i.e., elasticity of the elasticity) of demand that arises from a non-

!Berman et al. (2012) and Amiti et al. (2014) study the price-setting behavior of exporters and find that
exporters’ exchange-rate pass-through decreases with their market shares.

2This idea dates back at least to Ball and Romer (1990). Gopinath and Itskhoki (2011) review empirical
evidence on real rigidity. For micro evidence on nominal price rigidity, see, e.g., Klenow and Kryvtsov (2008),
Nakamura and Steinsson (2008), and Nakamura et al. (2018). A large literature documents monetary non-
neutrality; see, e.g., Christiano et al. (2005) and Bu et al. (2021).



CES aggregator of individual differentiated goods of the sort proposed by Kimball (1995).
This leads larger firms but not small firms to exhibit strategic complementarities in line with
the empirical evidence by Amiti et al. (2019). We then show that the log-linearized model is
almost the same as its standard DSGE counterpart model with homogeneous firms, except
for the slope (i.e., the real marginal cost elasticity of inflation) of the Phillips curve. In the
presence of firm heterogeneity in the model, the slope reflects a steady-state revenue-weighted
average of each firm’s marginal cost elasticity of its optimized price.

An advantage of accounting for firm heterogeneity is that data can inform values of the
productivity levels of larger firms (relative to that of small firms) and the superelasticity
of demand for their goods. By calibrating the model to data from the Statistics of US
Businesses (SUSB) of the US Census Bureau, we quantitatively examine the implications of
heterogeneity in strategic complementarity in price setting by firm size for inflation dynamics.
The data provide the number of firms and their employment, payrolls, and revenues for firm-
size categories ranging from firms with fewer than five employees to those with 5,000 or more
employees. Because many of the firm-size categories represent only a small share of aggregate
revenues, we consolidate the number of categories into three groups. After normalizing the
productivity level of the small-firm group, for which the elasticity of demand is assumed
to be constant, we obtain, for the remaining two groups of larger firms, values of their
relative productivity levels and the superelasticity of demand for their goods, by targeting
the empirical revenue shares and labor shares of each firm-size group. The resulting values
imply that larger-firm groups feature not only higher productivity but also stronger strategic
complementarity in line with the empirical evidence. Moreover, a steady-state revenue-
weighted average of the superelasticity of demand over the three groups of firms in our
calibrated model implies an overall measure of curvature of demand that is consistent with
micro evidence (Dossche et al., 2010; Beck and Lein, 2020).

Our main quantitative result is that heterogeneity in strategic complementarity in price

setting by firm size substantially weakens real rigidity in relative prices in the DSGE model.

3Since Marshall (1890) argued that the elasticity of demand increases with price, a positive superelasticity
of demand is often referred to as “Marshall’s Second Law of Demand.” Kimball (1995) introduced a non-
CES aggregator as a source of real rigidity in relative prices. Smets and Wouters (2007) adopted it in their
DSGE model, after which the aggregator has become mainstream in DSGE models. It is also used in other
macroeconomic models with firm heterogeneity (e.g., Edmond et al., 2023) and in international economics
(e.g., Gopinath and Itskhoki, 2010).



We show this result by comparing the slope of the Phillips curve in our calibrated model
(with heterogeneous complementarities) to that in the standard DSGE counterpart model
with homogeneous firms (and hence homogeneous complementarities). Although our cali-
brated model captures an overall measure of demand curvature that is both consistent with
micro evidence as noted above and identical to that in the counterpart model, the slope of
the Phillips curve is steeper in our calibrated model than in the counterpart model. We
then examine monetary non-neutrality by comparing the impulse responses of output to an
expansionary monetary policy shock in our calibrated model, in the counterpart model, and
in the case where all firms face a constant elasticity of demand (so there is no complementar-
ity). Output in both models increases more than in the case of no complementarity, and the
increase in our calibrated model is about half of that in the counterpart model. Therefore,
the concentration of strategic complementarities solely in larger firms weakens monetary
non-neutrality substantially in our calibrated model.

Strategic complementarity and productivity have offsetting effects on the pass-through of
larger firms’ marginal costs in our calibrated model. While stronger complementarity lowers
the pass-through, higher productivity raises it because a more productive firm’s optimized
price is lower, which reduces the price elasticity of demand for the firm’s good. We show
analytically that if productivity is homogeneous among firms, then the slope of the Phillips
curve is steeper in our model than in the standard DSGE counterpart model with homoge-
neous firms, and thus, real rigidity is weaker. Then, additionally accounting for differences
in productivity across firms further steepens the Phillips curve slope in our calibrated model.
In this way, heterogeneity in strategic complementarity and in firm size each leads to weaker
real rigidity.

The model’s equilibrium conditions provide an explanation for our results. The model
features a firm-size-specific condition for price setting. For each firm-size group, the condition
relates the optimized relative price of firms in the group to its expected future value, the real
marginal cost, and a steady-state revenue-weighted average of the expected future optimized
relative prices of firms in the other size groups. As a consequence, larger firms that exhibit
strategic complementarities in price setting bring their goods prices in line with those of small
firms that more fully pass through changes in their marginal costs. This spillover effect from

small firms to larger firms is absent in standard DSGE models with homogeneous firms.
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Our results indicate that the real rigidity generated in standard DSGE models, which
abstract from firm heterogeneity, is partly an artifact of homogeneity in strategic comple-
mentarity in price setting across firms. Once we account for the empirical heterogeneity in
strategic complementarity by firm size, the real rigidity is greatly weakened, as noted above.
Therefore, our findings challenge the notion of strategic complementarity as a source of real
rigidity in DSGE models. Levin et al. (2008) demonstrate that the source of real rigidity
in DSGE models can have implications for optimal monetary policy, which suggests that
adopting an empirically plausible source is policy relevant.

The paper is related to different strands of the macroeconomic literature. Previous
macroeconomic research on firm size is concerned with business fluctuations. Gertler and
Gilchrist (1994) and Crouzet and Mehrotra (2020) document that small firms are more cycli-
cally sensitive than large firms. While the former authors associate the greater cyclicality of
small firms with financial frictions, the latter attribute it to a larger industry scope of large
firms.* Research on the implications of firm heterogeneity for inflation dynamics focuses on
sectoral heterogeneity in nominal price rigidity. Carvalho (2006) finds that homogeneous
strategic complementarities in price setting lead firms with more flexible prices to behave
similar to firms with stickier prices. Due to this spillover effect, the firms with stickier prices
have a disproportionate influence on the aggregate price level, so heterogeneity in nominal
price rigidity increases monetary non-neutrality.” Our model, in which all firms face the
same nominal price rigidity, possesses a distinct spillover effect. Firms that exhibit strate-
gic complementarities in price setting behave similar to firms that more fully pass through
changes in their marginal costs, and therefore heterogeneity in strategic complementarity
across firms weakens monetary non-neutrality. In our model, a positive superelasticity of
demand leads larger firms to display both strategic complementarities and large markups.
A recent strand of research endogenizes the link between market power and strategic price
setting by departing from the assumption of monopolistic competition (e.g., Mongey, 2021;
Wang and Werning, 2022; Ueda, 2023). Wang and Werning (2022) then point out that

the implications of oligopolistic competition for monetary non-neutrality are well approx-

4Gilchrist et al. (2017) show that liquidity-constrained firms raised their goods prices during the global
financial crisis, while unconstrained firms lowered their prices. Haque et al. (2025) examine the implications
of multiple-product firms for equilibrium stability.

®See also Nakamura and Steinsson (2010), Pasten et al. (2020), and Carvalho et al. (2021).
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imated by introducing a Kimball-type non-CES aggregator in models with monopolistic
competition. Our model retains the tractability of monopolistic competition and employs a
Kimball-type aggregator to highlight the spillover effect from small firms to larger firms that
exhibit strategic complementarities. Our paper also contributes to research that challenges
the use of strategic complementarity for generating monetary non-neutrality (e.g., Bils et al.,
2012; Klenow and Willis, 2016).

The remainder of the paper proceeds as follows. Section 2 presents new empirical evidence
supporting the notion that firm size matters for price setting. Section 3 develops a DSGE
model that features heterogeneous strategic complementarities in price setting across firm
size. Section 4 calibrates the model to US Census data and then quantitatively examines the
implications of heterogeneity in strategic complementarity by firm size for inflation dynamics.

Section 5 concludes.

2 Empirical Evidence

In this section, we empirically examine the role of firm size in price-setting behavior using
firm survey data, and present new evidence that the pass-through from firms’ costs to their
prices decreases with firm size.’

The data are taken from the Business Inflation Expectations survey of the Federal Reserve
Bank of Atlanta, a monthly survey of firms in the Sixth Federal Reserve District.” The survey
has been asking firms about their prices and costs occasionally since December 2020. The
high and volatile inflation observed during the sample period makes it an opportune time to
study firms’ cost pass-through. Our dataset contains all the firms with complete time series
in the sample. The balanced panel contains T" = 7 survey months and consists of n; = 19,

ny = 20, and ns = 14 firms in the groups of small, medium, and large firms, respectively.®

SFor evidence on the role of strategic complementarity in cost pass-through, see Gopinath and Itskhoki
(2010), Auer and Schoenle (2016), Dogra et al. (2023), and Goédl-Hanisch and Menkoff (2025).

"The Sixth District includes Alabama, Florida, Georgia, and portions of Louisiana, Mississippi, and
Tennessee. The industry composition of the panel roughly reflects that of the US economy.

8The seven survey months are December 2020, April 2021, July 2021, November 2021, March 2022,
December 2022, and May 2023. Each firm remains within its firm-size group throughout the sample period.
Although two more surveys were conducted in October 2023 and February 2024, our sample period ends in
May 2023 because we have too few firms in the balanced panels during the sample periods extended up to
October 2023 (i.e., T = 8) and February 2024 (i.e., T =9).
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We begin by discussing the three variables used in the panel estimation: price growth, cost
growth, and firm size.

First, the survey question on price growth was phrased in one of two slightly different
ways across survey waves.” Given the minor differentiations between the two formulations,
we merged firms’ answers to the question into one variable, the 12-month percentage change
in a firm’s price, which provides a larger time series dimension of the panel.

Second, firms in the survey indicate how their current unit costs compare with those a

RANAA

year earlier, by selecting one of five categories: “down,” “unchanged,” “up somewhat,” “up
significantly,” and “up very significantly.” We treat the cost growth indicator as an interval
variable by assuming that each category covers a similar range of values for cost growth. This
assumption should be innocuous because our goal is to test whether the average association
between price growth and cost growth——the sum of all the coefficients if we were to include
one for each possible value of the ordinal variable in the panel regression——differs across firm-
size groups. Hence, whether one interval is wider than the others should be less relevant to
the extent that it is wider for each firm size. The benefit of treating the ordinal variable as
if it had linear effects is greater parsimony.

Third, a firm-size variable in the survey sorts firms into one of three groups: small firms
(with 1-99 employees), medium firms (with 100-499 employees), or large firms (with 500
or more employees). While a more precise employee count is available, we choose the three

groups of firm size so as to ensure that each group contains a sufficient number of firms.

Using the three survey variables, we estimate the following panel regression:

APricej; = p+ 1 ACost; L (1) + 2 ACost; 1 1(2) + 3ACost ;1 1(3) + oy + v + €4, (1)

where 11 is a constant term, APrice;, € R is the price growth of firm j in month ¢, ACost;; €
{1,2,3,4,5} denotes its cost growth, and I;,(i) is a dummy variable that indicates the
size 1 = 1,2,3 of firm j by taking the value one if the firm is small, medium, or large,

respectively, and zero otherwise. The regression model includes firm fixed effects a;, which

90ne formulation of the question was: “In percentage terms, over the past 12 months, by how much did
your firm increase [decrease| the price of the product or service responsible for the largest share of your
revenue?” The other formulation was instead: “By roughly what percentage has your firm changed the price
of the product/product line or service responsible for the largest share of your revenue of the last 12 months?”



can absorb structural differences in price growth between firms, including differences in the
responsiveness of own prices to competitors’ prices. Time fixed effects 7; are also included to
absorb aggregate drivers of price growth, such as changes in the average markup during the
sample period that saw a rise and fall in inflation. The coefficients [3; capture the cost pass-
through of firm-size group 7. Although the ordinal regressor renders the magnitude of the
estimated coefficients not economically meaningful, the estimates allow us to test whether
the cost pass-through differs by firm size.

Table 1 presents the estimation results. Column (1) reports the main results obtained
with the balanced panel, including the estimated coefficients 5; on ACost;; x I;,(7) and their
standard errors for small firms (i = 1), medium firms (i = 2), and large firms (i = 3). The
estimators are significantly different from zero for small and medium firms but not for large
firms, suggesting that large firms exhibit less pass-through from costs to prices than small
and medium firms. Moreover, the estimates are decreasing in firm size.

Column (2) reports a robustness check on the number of firms in the firm-size groups.
As mentioned above, the main balanced panel contains n; = 19, ny = 20, and ng = 14 firms
in the small-, medium-, and large-firm groups, respectively. To increase these numbers, we
limit the sample period up to December 2022 (i.e., T' = 6), which results in larger numbers
of firms: ny = 33, ny = 31, and ng = 21. The estimation results remain qualitatively the
same as the aforementioned main results.

As another robustness check, we extend the balanced panel during T' = 7 survey months
by including firms with incomplete time series. In particular, we include all firms with data
during at least two survey months assuming that data for the remaining survey months are
randomly missing. Column (3) provides the estimation results obtained with the unbalanced
panel. Although the estimated coefficient for large firms becomes significant at the 10 percent
level, it remains smaller than those for small and medium firms. The latter two estimates
remain significant at the 1 percent level and are of a similar magnitude. The estimation
results are qualitatively the same as the main results, indicating that large firms exhibit less
cost pass-through than small and medium firms.

We next examine whether the cost pass-through depends on firm size using a Wald test.
Defining the coefficient vector 3 = (4, 2, 33)’, the asymptotic distribution v/nT (B - B) 4,

N(0,V), where V' is the variance matrix of 5. The null hypothesis that the firm-size dummy
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Table 1: Estimation results of panel regression.

(1) (2) (3)

Variables Main results Panel w/ T'=6 Unbalanced panel
ACost;y x I;,(1) 6.945%* 7.933*** 5.184**
(1.958) (2.192) (1.596)
ACost;j; x I;4(2) 3.659** 3.696** 5.054**
(0.917) (0.923) (1.325)
ACost;; x 1;4(3)  —0.507 0.274 1.794*
(2.270) (1.866) (1.077)
Firm fixed effects yes yes yes
Time fixed effects yes yes yes
Sample size 371 510 1160
Wald test 6.183* 7.093* 71727

Notes: ***, ** and * denote statistical significance at the 1, 5, and 10 percent level, respectively. Column (1)
presents the estimation results obtained with the balanced panel during 7' = 7 survey months. Column (2)
shows those obtained with the balanced panel during 7' = 6 survey months up to December 2022. Column
(3) displays those obtained with the unbalanced panel during 7' = 7 survey months. The price growth
variable is winsorized at the 1st and 99th percentiles. The within transformation of the panel regression
model is estimated by OLS. Stock and Watson (2008) robust standard errors are reported in parentheses
and critical values are based on the standard normal distribution.

variable is irrelevant to the cost pass-through, i.e., f; = [y = f3, is represented as a two-

dimensional vector R[5, where

R:

It follows that vnT (RS — Rp3) 4 N(0, RV R'). The Wald test statistic is then
N /oA Nl
&w=nT (RB) (RVE)  (RB).

where V is a consistent estimator for V that is obtained by following Stock and Watson
(2008).1% Under the null, the test statistic has a chi-square distribution with two degrees
of freedom. The null hypothesis of no role of firm size in cost pass-through is rejected for
the main dataset and the robustness checks with the balanced panel and the unbalanced
panel. Thus, the results shown in Table 1 indicate that large firms exhibit significantly less

pass-through from costs to prices than small and medium firms.

108pecifically, V = Q%}f}@}(}, where chf( = (nT)7! Z;‘L=1 Zthl Xj,t)qt, X is the matrix of within-

transformed regressors, and X is the bias-adjusted heteroskedasticity robust covariance matrix estimator
described by eq. (6) in Stock and Watson (2008).



The evidence presented above complements existing evidence of heterogeneity in strate-
gic complementarity in price setting by firm size.!! Amiti et al. (2019) study the extent
of strategic complementarity using micro data on prices, marginal costs, and competitors’
prices of manufacturing firms in Belgium. The data feature variation in firms’ own marginal
costs as the firms source intermediate inputs from different suppliers in different countries.
The authors empirically decompose firms’ price changes into their own cost pass-through
and a response to their competitors’ price changes, which reveals strong evidence of strate-
gic complementarity. Moreover, they find substantial evidence of heterogeneity in strategic
complementarity, as noted in the Introduction. Small firms exhibit no strategic complemen-
tarities, whereas the price changes of large firms have a substantial, positive competitor-price
elasticity. This evidence clearly indicates that firm size matters for price-setting behavior
and raises the question of whether it also matters for inflation dynamics, which we turn to

next.

3 Model

We develop a DSGE model augmented with firm heterogeneity in productivity and in strate-
gic complementarity in price setting to examine whether firm size matters for inflation dy-
namics. A novel feature of the model is the presence of multiple groups of individual-goods
producing firms that are distinguishable by their productivity levels and the superelasticities
of demand for their goods. Then, a representative composite-good producer aggregates the
outputs of the firms. The remaining part of the model is standard in the DSGE literature

and consists of a representative household and a monetary authority.

3.1 Composite-good producers

A representative composite-good producer combines the outputs of a continuum of firms

J € [0,1], each of which belongs to one of the k groups €; = {j € [0,1] : 2(j) = z,€(j) = &},

1A plausible interpretation of our finding that large firms exhibit less cost pass-through than small and
medium firms would be that the price-setting behavior of large firms is subject to greater real rigidity but
not greater nominal price rigidity. This is because Goldberg and Hellerstein (2011) use PPI micro data to
show that large firms change their goods prices more frequently (and by smaller amounts) than small firms.
Consistent with this result, Bhattarai and Schoenle (2014) find that firms that produce more goods adjust
their goods prices more frequently (and by smaller amounts).
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i=1,...,k, where z(j) denotes firm-j-specific productivity relative to that of firms in group
2y with the normalization of z; = 1 and the parameter €(j) governs the superelasticity of
demand for firm j’s good. The firm groups €2;, i = 1,..., k are disjoint and Ule Q; =10,1].
The measure of firms in group ; (i.e., type-i firms) is n; € (0, 1], that is, fﬂ dj = n;, so we
have Zle fQ dj = Zle n; = 1. The composite good Y; is produced by combining individual
differentiated goods {Y;(j)} with an aggregator of the sort proposed by Kimball (1995):

SREIER

Following Dotsey and King (2005) and Levin et al. (2008), the function F;(-) is assumed to

20 g 2)

be of the form

vi—1
Yi(j) 0 Yi(4) E 4 : :
}77) = = 1 i — & 1 - Qi7 :17"'7k7
<Yt po— (+€)Yt € + So— Vj e i

where 7; = 0(1 + ¢;). A value of ¢; < 0 gives rise to a positive superelasticity of demand

for goods produced by type-¢ firms and hence strategic complementarity in price setting. In
the special case of ¢, = 0 for all firm types 4, the aggregator (2) is reduced to the CES one
Yy = [ (Ya(5)) @ D/0d5]%/ 0= where 6 > 1 represents the elasticity of substitution between
individual differentiated goods.

The composite-good producer maximizes profit II; = P, Y; — fol P,(j)Yi(j) dj subject to
the aggregator (2), given the composite goods’ price P, and individual goods’ prices {P;(j)}.

Combining the first-order conditions for profit maximization and the aggregator (2) leads to
i) 1

Y, 1+e (ﬁt(ét))_%“i
ni/g (P]gﬁ)dj] i= 1.k (4)
-y (%)_1] 5)
1:Zk: ZE <%)_%di’t+q (%Li%j)djﬂ. (6)

Eq. (3) is the demand curve for firm j’s good, where d; denotes the Lagrange multiplier on

VieQ, i=1,...,k (3)

)

—_
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the aggregator (2). Eq. (4) describes an average relative price d;; over goods of type-i firms.
The aggregator (2) and the condition for zero profits (i.e., II; = 0) are reduced to (5) and
(6), respectively. Eq. (5) shows that the Lagrange multiplier depends on the average relative

prices d;; and (6) states that the sum of each firm’s revenue share is one.

3.2 Firms

Each firm j € [0, 1] produces an individual differentiated good Y;(j) using the Cobb-Douglas
production technology Y;(j) = A; 2(5) (K:())* (1l;())"™*, where a € (0,1) is the capital
elasticity of production, A; represents economy-wide productivity and grows at a constant
rate A;/A;_1 = ¢' ™%, and K,(j) and [;(j) are firm j’s inputs of capital and labor.

Firm j minimizes cost TCy(j) = Py Ki(j) + PW, 1:(j) subject to the Cobb-Douglas
production technology, given the capital rental rate Pr,; and the wage rate P,W,;. In the
presence of economy-wide, perfectly competitive factor markets, combining the first-order
conditions for cost minimization shows that all firms choose an identical capital-labor ratio,

so that

Ki_ a Wi

i=1,.. ..k (7)

lit 1—067’]{;,15’

)

where K, ; = ni fQ Ki(j)dj and ;¢ = ni fQ l:(7) dj. Aggregating the outputs of type-i firms

leads to
VA, = Az K51, i=1k, (8)
where
Sit 1+ € .
A= ———, =1,...,k, 9
ot 1 + €; ! ( )

1 PN, .
= — 8 g, i=1,.. k. 10
o= [ (BE) (10

The aggregate output over firms of type ¢ is their average output Y;A,;,;, where A;; is the
average output over type-i firms relative to the composite goods’ output Y; and may differ
from one due to the effects of productivity z; on relative prices, strategic complementarity
in price setting on demand, and price dispersion across firms of type ¢ in the presence of
staggered price setting. Moreover, each firm type i’s real marginal cost of production varies

inversely with its productivity level

12



1 Tkt>a Wt 1o X
it = — , =1,...,k. 11
Mt Az ( o (l—a ! (11)

It follows that the ratio of two firm-types’ marginal costs is inversely proportional to the

ratio of their relative productivities:

mci—1y Zi .
=2 i=2,.. k (12)
mc; Zi—1

We turn next to firms’ price setting. Firms set their goods prices on a staggered basis as
in Calvo (1983). In each period, a fraction £ € (0,1) of type-i firms (i.e., j € ;) index their
goods prices to the steady-state rate m of composite goods’ price inflation 7, = P,/ P,_1, while
the remaining fraction 1 — £ of the firms identically set the price P;(j) so as to maximize

relevant profits

Yiy;
1 -+ €;

E, Z fj At,t+j (Pt(j)ﬂj — Py mci,tﬂ')

J=0

?

(o)™,

Pryjdiy

where F,; denotes the expectation operator conditional on information available in period ¢
and A, ; is the (nominal) stochastic discount factor between period ¢ and period ¢ + j.
Assuming the same fraction £ for all firm types ¢ allows us to highlight the implications of
heterogeneity in strategic complementarity for inflation dynamics. The first-order conditions

for profit maximization can be written as

[e.9]

o= m 3 e () T () (T ()
tj:O Citj | \ditj SN pz,thl T v — 1 it+j
J
€ 7Tt+r>_1 .
— ; =1,...,k 13

where we use the equilibrium condition A1 ; = 87(Cy/Ciyj)/(P:/ Piy ), which will be shown
later, 8 € (0,1) is the subjective discount factor, C; denotes households’ consumption of
composite goods, p;, = P,/ P, and Py, is the price optimized by firms of type i in period .

Moreover, under staggered price setting, eqs. (4) and (9) can be reduced to, respectively,

. w1 . L .
a =6 () Al e -9 )T =k, (14)
o TNYe s .
;" sip=¢ (ﬁ) d i+ (18 (pr,) ", i=1,...,k (15)
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3.3 Households and monetary authority

The representative household consumes composite goods C, purchases one-period riskless
bonds By, supplies labor [;, and makes a capital investment [; so as to maximize the utility

function

l1+1/x
EOZB <1og0t 1+1/x>

subject to the budget constraint
PCi+P L, +B=PW i+ Pry K1 +r_1Bi1+ J;

and the capital accumulation equation

Kt_(1—5)Kt_1+<1—5( I ))It, (16)

gli—q

where x > 0 is the elasticity of labor supply, § € (0, 1) is the depreciation rate of capital,
ry is the interest rate on the bonds and is assumed to coincide with the monetary policy
rate, K is the capital stock, J; denotes firm profits received, and S(-) is an adjustment cost
function that is assumed to be of the quadratic form S (I,/(g,—1)) = (¢/2) (It/(gl—1) — 1)
with ¢ > 0.

Combining the first-order conditions for utility maximization with respect to consump-

tion, bond holdings, labor supply, capital stock, and capital investment yields

BCy 14 }
1=F , 17
' lCt-H T41 (17)
Wt - l;Ct, (18)
BC; Ty + (1 —0) Qt+1:|
1=F , 19
t|:0t+1 qt ( )
<< I, )2 ( ) I, {ﬁct (Itﬂ ) Ital]
1= 1—-= — — -1 + F -1
Qt[ 2\ gl ¢ gliq gl ! Cia Q16 I; 912
(20)

where ¢; denotes the real price of capital. Then, it follows that the stochastic discount factor
Ay 1+ meets the equilibrium condition Ay = 57 (Cy/Ciy;y) / (P Piyj)-
The output of composite goods is equal to the sum of households’ consumption and

capital investment:
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Y, =Ci+ 1. (21)

The labor market clearing condition is

k k
W= Yomile =Y [ )4 (22)
i=1 i=1 Y

while the capital-service market clearing condition is

k k
K=Y nKy= Z/ Ki(j) dj . (23)
i=1 i=1 /&

The monetary authority conducts policy based on an interest-rate feedback rule of the

sort proposed by Taylor (1993):

logr, =logr + ¢ (logm —logm) + ¢, (logyy — logy) + s, (24)

where y;, = Y}/A;/ (172) is detrended aggregate output, y is its steady-state value, u,; is a
shock to the monetary policy rate that is governed by a stationary AR(1) process u,; =
PUry—1 +&ny with |p| < 1 and g, ~ 1.i.d. N(0,02), and ¢, and ¢, are the policy responses to
inflation and output, respectively. The monetary policy shock generates short-run responses
in real economic activity due to the presence of nominal price rigidity in the model, i.e.,

&> 0.

3.4 Log-linearized equilibrium conditions

The equilibrium conditions of the model consist of eqs. (5)—(9), (11), and (13)—(24). After
removing the balanced growth trend YT, = Ai/ (1=e) , we log-linearize the equilibrium condi-
tions expressed in terms of stationary variables, such as y, = Y, /Y, ¢, = C/ Yy, w, = Wy /Ty,
iy =1/, and ky, = K,/ Yy.

The following 2k 4 1 log-linearized equilibrium conditions capture firm heterogeneity in

inflation dynamics:

1_
ﬂgmct, i=1,... .k, (25)

Div = BE LD 1 + BE Eyfren +

)

Czi,t - (]- - 5) ﬁzt +§ (dAi,t—l - ﬁt) ) 1= ]-7 BRI k7 (26)
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k
0= Z Wy dAi,t ) (27)
i=1

where
* \ Vi

I, =1+(—¢) (%) " (28)
measures real rigidity in price setting of type-i firms, pu; = v;/[vi — 1 — & (pf/d)"] is their
steady-state average markup, and w; = n;p;A; is their steady-state share of aggregate rev-
enues. Eq. (25) represents the price-setting behavior of type-i firms that optimize their
goods prices in period ¢. In the real marginal cost term, the subscript i is dropped (i.e.,
me; s = me, for all ) in the presence of the economy-wide, perfectly competitive factor mar-
kets and constant differences in the productivity level among firm types. The marginal cost
elasticity of type-i firms’ optimized price (1 — 8€)/T"; depends not only on ¢; but also on z;.
A smaller, negative value of ¢; increases the value of I'; and thereby decreases the elasticity
(1—B¢&) /T, so stronger strategic complementarity in price setting leads to less pass-through
of the marginal cost. The firm-type-specific productivity z; then influences the elasticity
through its effects on the steady-state variables p; and d. Higher productivity mitigates the
decrease in the marginal cost elasticity induced by stronger strategic complementarity, as
shown later.

We can consolidate (25)—(27) into k price-setting conditions as follows. Eq. (26) describes
type-i firms’ average relative price cﬁt that consists of the 1 — & optimizing firms’ relative
price and the £ remaining firms’ average relative price, the latter of which erodes with higher
inflation relative to steady-state inflation. Eq. (27) is the log-linearization of the composite-

good producer’s zero-profit condition (6) and requires that the steady-state revenue-weighted

average of the average relative prices di,t over all firm types i is zero. Combining (26) and

(27) yields
k
R e .
T = Tg Zwi Pits (29)
i=1

so the average relative prices are canceled out and thus the inflation rate 7; reflects only
the steady-state revenue-weighted average of the optimized relative prices of all firm types.

Then, substituting (29) in (25) leads to
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Piy = BIE+ (1 = Qwil Eypiy oy + B(1 =€) ijEt D11 T L ‘55

J#i !

ie,, i=1,...,k (30)

In the presence of firm heterogeneity, type-i firms’ optimized relative price p;, reflects the
expected future optimized relative prices F;p;, ; of the other firm types j # i. As a con-
sequence, there is a spillover effect from firms that more fully pass through changes in the
marginal cost to firms that exhibit strategic complementarities in price setting, with larger
revenue shares of the former firms increasing the magnitude of the effect. Moreover, from

egs. (25)—(27), it follows that the Phillips curve is of the standard form

k
7?('15 = BEtﬁ-t—O—l + <Z (,L)Z'Iii> ’fﬁCt, (31)

i=1
but with a slope kK = ), w;k; that consists of the steady-state revenue-weighted average of
each firm type’s component k; = (1 — &)(1 — 5£)/(£T;), a component that is proportional
to the firm type’s marginal cost elasticity of its optimized price (1 — 3€)/T;. As with the
marginal cost elasticities, the components x; of the Phillips curve slope are affected by ¢;
and z;. While a smaller, negative value of ¢; decreases the value of k;, higher productivity z;
mitigates the decrease in x;, as shown later.!?
In sum, the log-linearized model consists of the Phillips curve (31) and the following 10

equations:

’ffLCt = (]. — Oé)wt + Oéfk,t > (32)
koy — I = Wy — Py (33)
go=(1—a)l+ak., (34)
¢ = By — 7 + By, (35)
1 A
Wy = —l; + ¢, (36)
X
R 1—-90 - 1—-6
k't == kt_l + (1 - —) Zt, (37)
g g

12 A smaller, negative value of ¢; reduces the value of x; directly and indirectly through a larger steady-state
markup p;. The latter effect is analogous to the finding of Wang and Werning (2022) that higher market
concentration due to fewer firms in an oligopoly makes the Phillips curve flatter.
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G = C (b — br—1) — BC (Birler — ir) (38)

R R 1-96 ) 1-96 ) .
Ty — Byt = {1 - B(T)} Et'rk:,t—f—l + 5(7) EiGi1 — G, (39)
A U
Yy = —C+ — Uy, (40)
Yy Yy
Tt = QrTy + Oyl + Upy . (41)

The last 10 conditions (32)—(41) are the same as in the standard DSGE counterpart model

with homogeneous firms, so the firm heterogeneity alters the slope of the Phillips curve.!?

3.5 Firm size and demand curvature

Thus far firms differ by their productivity, as indexed by ¢ = 1,..., k. Empirically, there is
a well-documented relationship between labor productivity and firm size (e.g., Leung et al.,
2008). We now explore the relationship in the steady state of the model.

In the special case of a constant elasticity of demand for goods of each firm type i (i.e.,
¢; = 0 for all 7), we have that pf = 6/(0 — 1) mc;, and thus the real marginal cost ratios (12)
imply that pf = p}/z. It follows that output per firm yA; = (z;/p;)? is increasing in z;,
where A, is the steady-state value of type-i firms’ average output relative to the composite-
good producer’s output. Likewise, given that all firms face the same real wage rate, more
productive firms demand more labor. As a consequence, the labor input per firm is also
increasing in z;.

In the case of empirical interest, more productive firms exhibit stronger strategic comple-
mentarity. In the model, the price elasticity of demand for goods of type-i firms is derived
as 1;(Y:(7)/Y:) = 0(1+¢; — €;(Yi(5)/Y:)™!). Then, given ¢; < 0, the elasticity is smaller for a
larger relative demand Y;(j)/Y;, which leads the desired markup n;(Y;(5)/Y2)/ (n:(Y:(4)/Ye) — 1)
to be larger. The larger markup mitigates the relative price differential caused by the produc-
tivity difference between firms. In the next section we will confirm numerically that firms
whose productivity is higher and whose strategic complementarity is stronger are larger
firms in terms of steady-state output and labor input in the calibrated model. Thus, in the

remainder of the paper we will refer to the firm group i =1, ...,k as indexing firm size.

13The firm heterogeneity also has a very small effect on the steady-state output shares of consumption
and investment ¢/y and i/y in the log-linearized composite-good market clearing condition (40).
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The degree of strategic complementarity can be summarized by the curvature of demand,
which we define as the mean superelasticity of demand evaluated at a relative demand of
one, i.e., Y;(j)/Y; = 1. The superelasticity of demand for goods of type-i firms (i.e., the
elasticity of the elasticity n;(Y;(7)/Y;)) is derived as 0;(Y;(7)/Y;) = —0¢;/(Yi(j)/Y:). Hence,
a smaller, non-positive value of €; or a smaller firm size in terms of relative demand Y;(j)/Y;
leads to a larger superelasticity of demand for the goods. Evaluating the superelasticity at
a relative demand of one prevents changes in firm size over time or size differences between
firms from directly affecting the curvature of demand and is consistent with the approaches
used in previous studies (e.g., Dossche et al., 2010; Klenow and Willis, 2016; Beck and Lein,
2020). Aggregating each firm’s superelasticity evaluated at a relative demand of one using

its steady-state revenue share as its weight yields a mean curvature of demand:

o= Zwi (—0¢;) . (42)

In the next section, we will compare the cases of heterogeneous versus homogeneous strategic
complementarities in price setting across firm size in which the mean curvature of demand

has the same value.

4 Quantitative Investigation

In this section, we explain the method to calibrate parameters of the model and demonstrate
the main result: accounting for firm size weakens the link between strategic complementarity

in price setting and real rigidity in relative prices.

4.1 Calibration of model parameters

For the model parameters that are not related to firm size, we adopt values that are commonly
used in the macroeconomic literature. Table 2 presents the quarterly calibration of the model
parameters. We set the subjective discount factor at 5 = 0.995, the elasticity of labor supply
at y = 1, the depreciation rate of capital at 6 = 0.025, and the capital elasticity of production
at a = 0.33. The rate of balanced growth is chosen at g = 1.005, that is, 2 percent annually.
The parameter governing investment adjustment costs is set at ( = 2.5, the estimate of

Christiano et al. (2005). The parameter governing the elasticity of substitution between
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individual goods is chosen at # = 10 to target a desired markup of about 11 percent for firms
that face a constant elasticity of demand; firms that exhibit strategic complementarities will
have a larger desired markup. The probability of each firm not optimizing its good’s price is
set at £ = 0.6. The monetary policy responses to inflation and output are chosen respectively
at ¢, = 1.5 and ¢, = 0.5/4, as in Taylor (1993), and the persistence of monetary policy
shocks is set at p = 0.8.

Table 2: Quarterly calibration of model parameters.

Parameter Description Value
I5; Subjective discount factor 0.995
X Elasticity of labor supply 1
0 Depreciation rate of capital 0.025
Q@ Capital elasticity of production 0.33
g Gross rate of balanced growth 1.005
¢ Parameter governing investment adjustment costs 2.5
0 Parameter governing elasticity of substitution between goods 10
& Probability of not optimizing price 0.6
O Monetary policy response to inflation 1.5
Oy Monetary policy response to output 0.5/4
p Persistence of monetary policy shocks 0.8

The firm heterogeneity introduces 3k new parameters: n;, z;, and ¢; for i = 1,... k. To

select values for these parameters, we calibrate the model to data from the SUSB of the US
Census Bureau. Although the SUSB provides summary statistics for 23 firm-size categories,
many of them represent only a small share of aggregate revenues. This indicates that the
model can capture the role of firm size by choosing a smaller number of groups k than the
23 available categories. Hence we combine them into & = 3 clusters or groups. The first
group consists of firms with fewer than 500 employees, which is a common definition of a
small business. The second and third groups consist of firms with 500-4,999 employees and
with 5,000 or more employees, respectively.'4

First, the measure n; of firms of each size ¢« = 1,...,k is set equal to the fraction of

establishments in each firm-size group. In the model, every firm produces one good as in

14The results presented in this section remain qualitatively unchanged if we use k-means clustering to
combine the 23 categories into three clusters or groups. This method expands the first group to firms with
fewer than 1,000 employees and reduces the second group to firms with 1,000-4,999 employees. Grouping
firms based on the number of their production units or establishments, another metric of firm size, also leaves
the results qualitatively unchanged.
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standard DSGE models. While this is a good approximation for small firms, actual large
firms typically produce multiple goods (Broda and Weinstein, 2010; Bernard et al., 2010).
We can account for this empirical fact by calibrating n; to the number of goods in each
firm-size group.'® Because the SUSB data do not provide information on the number of
goods per firm, we approximate that number with the number of establishments per firm
assuming every establishment produces one good. Although empirical evidence about the
mapping between a firm’s establishments and its goods is lacking, this assumption is in line
with models of industrial organization (e.g., Cao et al., 2022).

Second, values of ¢; for all « = 1,...,k are obtained jointly with values of the steady-
state variables d and p} for i = 1,--- , k. We assume €; = 0 based on the micro evidence in
Amiti et al. (2019) that small firms exhibit no strategic complementarities. To calibrate the
remaining parameters ¢; for © = 2,...,k and determine the relative prices, we rely on the
SUSB data on payrolls and revenues.'® Specifically, we target the empirical labor share S;
and revenue share R; by firm size i. Firms’ labor demand conditions imply the steady-state

labor share S; = wl;/(pjyA;) = (1 — a)/p;. Thus, we have k — 1 conditions
Sipti — Si—1pi—1 =0, i=2,... k. (43)

The steady-state composite-good producer’s zero profit condition (6) involves the revenue
share w; for i = 1,...,k. We can target revenues of k — 1 firm-size groups because the

condition requires that the revenue shares across firm size groups sum to one. Thus, we match

the revenue shares wo, ..., w, with their empirical counterparts using the £ — 1 conditions
*\ Vi
(5)

Solving the 2k — 2 conditions (43) and (44) and the 2 steady-state conditions

15The model of the paper is observationally equivalent to a model that distinguishes the number of firms
and the number of goods. In the latter model, there are m; firms in each group i = 1, ...,k and they produce
a total of n; goods using a production technology distinguished by the productivity level z;. The steady state
and the equilibrium conditions of such a model remain unchanged from those of our model. The details of
the model with multi-product firms are provided in Appendix A.

16The data on revenues are provided every five years. We use the latest available data in 2022, but our
results are virtually unchanged using the pre-COVID-19 data in 2017.
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0= zk: 7”_ - [(E)M - 1] , (45)
1= w, (46)

i=1
yields & — 1 values ¢; for i =2,...,k and k£ + 1 values d and p; for i =1,... k.

Third, the relative productivity level of small firms is normalized to z; = 1 and the
parameters z; for i = 2,... k are obtained from the ratio of marginal costs (12) in the
steady state, which can be written as

n=tP ok (47)
M1 p;

Table 3 presents the values of the firm-size-specific parameters and steady-state variables.
Recall that these values can affect inflation dynamics through the slope s of the Phillips
curve (31). The first row of the table shows that the small-firm group i = 1 makes up the
vast majority of all establishments in the SUSB (n; = 0.8330), whereas the measure of the
other firm-size groups ¢ > 1 is small. However, revenue shares in the SUSB are more evenly
distributed across firm size, as displayed in the second row. The large-firm group i = 3
actually has the largest revenue share. The third row presents the relative productivity level
of each firm group. The productivity level increases with firm size, such that the productivity
of firms in the large-firm group is almost double that in the small-firm group, as indicated
by the value of z3.!"

The fourth row of Table 3 displays the superelasticity of demand —fe¢; by firm size.
Two points are worth noting. First, the superelasticity rises with firm size. The stronger
superelasticity for larger-firm groups coincides with the micro evidence that the price-setting
behavior of small firms is consistent with a constant elasticity of demand, while that of
larger firms exhibits strategic complementarities, as discussed in Section 2. While the model

is agnostic about the source of heterogeneity in the superelasticity by firm size, a possible

"While the calibrated model considers only three productivity levels, it accounts for more than half of the
observed dispersion in productivity across establishments. Cunningham et al. (2023) present micro evidence
on dispersion in establishment-level productivity. They report that the standard deviation of the log total
factor productivity of establishments across detailed US manufacturing industries is 0.46. This standard
deviation is 0.27 in our model using the parameter values in Table 3.
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Table 3: Values of firm-size-specific model parameters and steady-state variables.

Parameter Value for firm group i

or variable Description 1 2 3
(1) n; Share of establishments (percent) 83.30 5.69 11.01
(2) W; Revenue share (percent) 34.96 19.50  45.54
(3) 2 Relative productivity level 1 141 1.82
(4) —0¢; Superelasticity of demand 0 4.87 7.65
(5) pE Steady-state optimized relative price  1.16  0.88 0.78
(6) L Steady-state average markup .11 1.19 1.36

Source: US Census Bureau and authors’ calculations.

Notes: The table presents the values of the firm-size-specific model parameters n;, w;, z;, and ¢; (multiplied
by —0) and steady-state variables pf and p; for all firm groups i. The values of n; and w; are taken from the
SUSB of the US Census Bureau. The values of ¢; and p; are obtained as part of a solution to eqs. (43)—(45),
by setting €; = 0 and using the data on the firm-size measure n;, the revenue shares R;, and the labor shares
Si+ as well as the calibration of model parameters reported in Table 2. The values of z; and p; are then

calculated.

interpretation is that customers are less loyal to the goods produced by larger firms, leading
their demand elasticity to increase for higher prices. Holmes and Stevens (2014) suggest that
small firms create specialty goods and large firms produce standardized goods. Thus, less
customer loyalty to standard goods than to custom goods could rationalize the heterogeneity
in strategic complementarity by firm size presented in our calibrated model. Second, given
the firm-size-specific values reported in the table, the curvature of demand defined as (42)
is calculated as ¢ = 4.43, a value roughly in line with the micro evidence in Dossche et al.
(2010) and Beck and Lein (2020), who indicate that values in the range of 24 are empirically
plausible.

The steady-state optimized relative prices and average markups are shown in the last
two rows of Table 3. The optimized price p; decreases with firm size.'® In addition, the
steady-state average markups p; increase with firm size, consistent both with a declining
labor share by firm size S; in the SUSB data and with the micro evidence on markups in De
Loecker et al. (2020) and Autor et al. (2020). Finally, firm size, measured as relative output
(A1, Ag, Az) = (0.36,3.91,5.33) or labor input (ly,(s,13) o (0.12,0.90,0.95), increases with

18 A lower optimized relative price for larger firms implies that revenue productivity is less dispersed than
physical productivity, consistent with the establishment-level evidence in Foster et al. (2008). The steady-
state real marginal cost of producing composite goods is calculated as d = 1.05, thus raising the demand for
all individual differentiated goods evenly.
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productivity in the model.!”

4.2 Case of homogeneous productivity

We begin the analysis of heterogeneous strategic complementarities by abstracting from
differences in productivity across firms in our model. The results obtained in this case will
clarify the distinct roles of heterogeneity in firm size and in strategic complementarity in the
next subsection, where we analyze the calibrated model with both features. If productivity
is homogeneous among firms (i.e., z; = 1 for all 7), then for any arbitrary values of {e;},
pf =d =1 for all 7 is a solution to eqs. (46)—(47).2° Thus, there is no effect of firm size on
the slope of the Phillips curve (31).

The extent to which strategic complementarity induces real rigidity can be measured by
its effect on the slope of the Phillips curve, particularly on the slope factor I'; described in
(28). All else equal, a larger value of I'; causes more real rigidity and thus the model displays
greater monetary non-neutrality. By comparing the Phillips curve slope (factor) in the model
with heterogeneous complementarities (in the absence of heterogeneity in firm size) to that
in the standard DSGE counterpart model with homogeneous firms and hence homogeneous
complementarities, where the parameter that governs the superelasticity of demand for each
good is set at € = Zle w;€; so that the two models share the same demand curvature o, we
have the following result.

Proposition 1 Suppose that productivity is homogeneous across firms, i.e., z; = 1 for all
1 = 1,...,k, that the Phillips curve slope factor I'; is positive for each i = 1,...,k, and
that the curvature of demand in the standard DSGE counterpart model with homogeneous
firms s the same as that in the model with heterogeneous strategic complementarities, i.e.,
o= -0 Zle wi€;. Then, the slope k = Zle wik; of the Phillips curve (31) in the latter

model is steeper than that in the former model.
Proof: See Appendix B.

Proposition 1 states that heterogeneous strategic complementarities in price setting across

firm groups weaken real rigidity in relative prices. To illustrate this result, we use the values

9These values can be obtained from Table 3 using A; = w;/(n;p}) and l; < pfA;/p; fori=1,--- k.

20The solution implies that A; = 1 for all i and that eqs. (43) and (44) are not satisfied with the empir-
ical number of establishments, labor share, and revenue share by firm-size group. Thus, the model needs
heterogeneity in firm productivity to determine values of the parameters {¢;} that govern strategic comple-
mentarities, as in the next subsection.
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of {w;} and {¢;} reported in Table 3. Then, the slope of the Phillips curve (31) is calculated
as kK = Y. w;k; = 0.194. In the standard DSGE counterpart model with homogeneous firms,
where the value of ¢; = € for each 7 is chosen to achieve the same demand curvature o = 4.43
as in the model with heterogeneous complementarities, the Phillips curve slope is computed
as a smaller value of & = (1 — &)(1 — B¢)/{&[1 — €d/(0 — 1)]} = 0.180. Moreover, in the
absence of strategic complementarities, the Phillips curve slope is given by (1—¢&)(1—3¢)/¢,
so we have a larger value of 0.269. Therefore, strategic complementarities reduce the slope
of the Phillips curve less if they are concentrated in only some firm groups than if they are
spread uniformly across firms, and thus real rigidity is weaker. We will find an even smaller
effect of heterogeneous strategic complementarities once we account for firm size in the next

subsection.

4.3 Main result

In this subsection, we use the calibrated model and show our main result that heterogeneity
in strategic complementarities in price setting by firm size substantially weakens real rigidity
in relative prices and monetary non-neutrality in the model, compared to the standard DSGE
counterpart model with homogeneous firms (and hence homogeneous complementarities).

The calibration of model parameters presented in Tables 2 and 3 makes our model con-
sistent both with the aggregate SUSB data and with the empirical evidence on cost pass-
through by firm size reported in Table 1. Figure 1 displays the marginal cost elasticity
of the optimized price for each firm-size group i. The middle bars illustrate the elasticity
(1 — BE)/T; observed in eq. (25) in our calibrated model. As a reference, the left bars show
the corresponding elasticity 1 — B¢ in the case of no strategic complementarity, i.e., ¢, = 0
for all i (so I'; = 1 for all 7), while the right bars present the one (1 —5¢)/[1 —€éf/(0 —1)] in
the standard DSGE counterpart model with homogeneous firms. If firms are homogeneous,
strategic complementarities reduce the marginal cost elasticity evenly among all firm-size
groups, compared to the case of no strategic complementarity. In contrast, when strate-
gic complementarities are heterogeneous across firm-size groups, the larger-firm groups have
lower marginal cost elasticities because of their stronger complementarities.

The slope of the Phillips curve is again steeper if strategic complementarities are concen-

trated in only larger-firm groups. In our calibrated model, the slope of the Phillips curve (31)
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Figure 1: Marginal cost elasticities.
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Firm-size group

Notes: The figure displays the marginal cost elasticity of the optimized price (1 — B€)/T'; for each firm-size
group ¢ = 1,2,3. The bars labeled “Heterogeneous S.C.” are obtained in our model under the calibration of
parameters reported in Tables 2 and 3, while those labeled “No strategic complementarity (S.C.)” represent
the case of a constant elasticity of demand for each good (i.e., ¢; = 0 for all ¢) in the calibration and those
labeled “Homogeneous firms” are obtained in the standard DSGE counterpart model with homogeneous firms
in which the value of €¢; = € for each 7 is chosen to achieve the same demand curvature o = 4.43 as in our

calibrated model.

is calculated as k = 0.217, which exceeds the value of Kk = 0.180 obtained in the standard
DSGE counterpart model with homogeneous firms. The value of kK = 0.217 is also larger
than that of kK = 0.194 obtained in the absence of firm heterogeneity in productivity analyzed
in the previous subsection. This is because higher productivity of larger-firm groups reduces
their steady-state optimized prices and hence the price elasticities of demand for their goods,
which mitigates the increase in real rigidity induced by the groups’ greater superelasticity.
The latter effect, captured by (pf/d)? < 1 in (28), is only partly offset by greater steady-
state markups p; > 1 of larger-firm groups that result from their lower price elasticities of
demand.

The steeper slope k and hence weaker real rigidity arising from heterogeneous strategic
complementarities across firm size reduces monetary non-neutrality in the calibrated model.
Monetary non-neutrality can be gauged by the impulse responses to a monetary policy

shock. Figure 2 plots the responses of inflation (panel a) and output (panel b) to a 1
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percent expansionary shock to the annualized monetary policy rate in our model (with
heterogeneous strategic complementarities) under the calibration of parameters reported in
Tables 2 and 3 (solid lines), and compares the responses with those obtained in the case of
no strategic complementarity, that is, a constant elasticity of demand for each good (i.e.,
¢; = 0 for all 7) in the calibration (dashed lines) and those obtained in the standard DSGE
counterpart model with homogeneous firms (dotted lines). Both inflation and output increase
on impact as the shock raises consumption and the real marginal cost, before returning to
their steady-state values. In each panel, the impulse response in our calibrated model lies
about midway between those in the case of no complementarity and in the counterpart model
with homogeneous firms. The response of output indicates that heterogeneous strategic

complementarities dampen the increase in monetary non-neutrality by about half.

Figure 2: Impulse responses to a monetary policy shock.

() Inflation (b) Output
I 0.12 — — — No strategic complementarity (S.C.)
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----------- Homogeneous firms
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Notes: Panels (a) and (b) plot impulse responses of inflation and output, respectively, to a 1 percent
expansionary shock to the annualized monetary policy rate. The solid lines labeled “Heterogeneous S.C.” are
obtained in our model under the calibration of parameters reported in Tables 2 and 3, while the dashed lines
labeled “No strategic complementarity (S.C.)” represent the case of a constant elasticity of demand for each
good (i.e., ¢; = 0 for all 7) in the calibration and the dotted lines labeled “Homogeneous firms” are obtained
in the standard DSGE counterpart model with homogeneous firms in which the value of €; = € for each 7 is

chosen to achieve the same curvature o = 4.43 as in our calibrated model.

For a more quantitative assessment of monetary non-neutrality, we compare the cumu-

lative impulse responses. The ratio of the cumulative response of inflation in our calibrated
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model to that in the case of no strategic complementarity is 0.963, while the corresponding
ratio of the cumulative response of output is 1.222. In contrast, the ratio of the cumulative
response of inflation in the standard DSGE counterpart model with homogeneous firms to
that in the case of no complementarity is 0.934, whereas the corresponding ratio of the cu-
mulative response of output is 1.414. This confirms that heterogeneous complementarities
reduce the amplification of the output response by almost half and thus dampen the increase
in monetary non-neutrality substantially.

An economic explanation for the weakened real rigidity and dampened increase in mon-
etary non-neutrality in our calibrated model is as follows. Because firms in the small-size
group adjust their goods prices facing a constant elasticity of demand, they more fully pass
through changes in the marginal cost to their prices. Firms in the larger-size groups, however,
exhibit strategic complementarities in price setting. Then, an expansionary monetary policy
shock raises the real marginal cost and hence the optimized relative price of the small-firm
group, which in turn increases the optimized relative prices of the larger-firm groups through
their strategic complementarities. In this way, the fraction 1 — £ of firms in each size group
adjusts their goods prices substantially after the policy shock, thus weakening real rigidity.
This explanation is supported by Figure 3, which displays the external drivers of the impulse
responses of the optimized relative prices p;, of the small-firm group (i = 1) and the large-
firm group (i = 3) to an expansionary monetary policy shock. The two external drivers are
the effect of the real marginal cost and the spillover effect from the other firm-size groups’
optimized relative prices, which are the third and second terms on the right-hand side of
eq. (30), respectively. Each panel of the figure plots these two drivers’ contributions to the
impulse response of the optimized relative price of the small- or large-firm group. Among
the two drivers, the effect of the marginal cost is the primary one for the small-firm group,
as shown by the dashed line in panel (a) of the figure. In contrast, the spillover effect from
the other firm-size groups is the primary driver for the large-firm group, as demonstrated by

the solid line of panel (b).?!

21The impulse response of the optimized relative price is not shown, but it increases less for the large-
firm group than for the small-firm group, consistent with the evidence of Goldberg and Hellerstein (2011)
that large firms change their prices on average by a smaller amount than small firms and of Bhattarai and
Schoenle (2014) that firms selling more goods—a proxy for firm size—change their prices on average by a
smaller amount.
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Figure 3: Contributions to the impulse responses of optimized relative prices of goods.
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Notes: Panels (a) and (b) plot contributions to the impulse responses of the optimized relative prices Di+
of the small-firm group (i = 1) and the large-firm group (i = 3), respectively, to a 1 percent expansionary
shock to the annualized monetary policy rate. The contributions come from the two external drivers of
the optimized relative price described in (30): the effect of the real marginal cost (1 — 3¢)/T; mic; and the
spillover effect from the other firm-size groups’ optimized relative prices (1 — &)Y i Wi D} 4

4.4 Robustness analysis

We have found that heterogeneity in strategic complementarity in price setting by firm size
substantially weakens real rigidity in relative prices and monetary non-neutrality in the
model. In this subsection, we confirm the robustness of the finding to alternative values of
model parameters. We begin by varying the degree of strategic complementarity and then
consider the role of other structural parameters of the model.

A rise in the superelasticity of demand for goods of each group of middle and large firms
(1 = 2,3) leads to a muted increase in real rigidity. Figure 4 plots the Phillips curve slope
k=), wik; as the dashed lines in panel (a), its components x; = (1 — &)(1 — B¢)/(£T;) for
middle- and large-firm groups ¢ = 2,3 as the solid lines in panel (a), and the components’
weights w;, or equivalently, the groups’ steady-state revenue shares in panel (b), as the
superelasticity of demand for goods of each group of middle and large firms in turn increases
while those of the other firm-size groups are held fixed at their calibrated values reported

in Table 3. In panel (a) of the figure, the solid lines demonstrate that the slope component
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k; of each group of middle and large firms i = 2,3 decreases for a larger superelasticity of
demand for goods of the group. The dashed line then traces the Phillips curve slope x and
shows that the slope remains relatively flat. The effect of each component x; depends on its
weight in the slope k. As shown in panel (b), the weight or steady-state revenue share of
the middle-firm group ¢ = 2 is smaller than that of the large-firm group ¢« = 3 and thus the
slope is less sensitive to the superelasticity of demand for goods of the middle-firm group

than that of the large-firm group.

Figure 4: Phillips curve slope, its components, and revenue shares for various degrees of
strategic complementarities of middle- and large-firm groups.

(a) Slope and its components L (b) Revenue share
087
0.6
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Notes: Panel (a) plots the Phillips curve slope x = ), w;k; (dashed line) and its components x; = (1—¢)(1—
BE)/(ET;) for middle- and large-firm groups i@ = 2,3 (solid lines), while panel (b) displays the components’
weights, or equivalently, the groups’ steady-state revenue shares ws and ws. The slope component k; and
its weight w; are calculated by increasing the superelasticity of demand for goods of each group of middle
and large firms ¢ = 2,3 while keeping those of the other firm-size groups fixed at their calibrated values
presented in Table 3. The values of other model parameters are reported in Tables 2 and 3 and the values

of the steady-state variables d and pf, for i = 1,...k, are determined by (45)—(47).

Another reason why the slope k remains relatively flat is that a greater superelasticity
lowers the steady-state revenue share of each group of middle and large firms (i = 2,3)
in panel (b), thus reducing the effect of the smaller slope component x; on the slope k.
This is because for each group of middle and large firms, a greater superelasticity implies a
higher steady-state average markup and thus raises the steady-state optimized relative price,

which induces decelerating demand and lower revenue in the steady state by increasing the

30



steady-state price elasticity of demand. Thus, stronger strategic complementarities in the
price-setting behavior of middle- and large-firm groups are evident both in their smaller
marginal cost elasticities and in a larger spillover effect in the price-setting condition (30)
because the revenue shares shift toward the other firm-size groups, in particular the small-

firm group (i = 1), which exhibits no strategic complementarities.

Table 4: Cumulative impulse responses and their ratios.

Inflation Output
Case CIR  Ratio CIR  Ratio
(a) Baseline calibration of model parameters (o = 4.43)
No strategic complementarity (S.C.) 1.537 1 0.757 1
Heterogeneous S.C. 1.480 0.963 0.925 1.222
Homogeneous firms 1.435 0.934 1.071 1.414
(b) More nominal price rigidity: £ = 0.75 (0 = 4.43)
No S.C. 1.156 1 1.944 1
Heterogeneous S.C. 1.040 0.899 2.291 1.178
Homogeneous firms 0.961 0.831 2.561 1.318
(c) Less elastic labor supply: x =1/2 (o = 4.43)
No S.C. 1.461 1 0.966 1
Heterogeneous S.C. 1.391 0.952 1.171 1.212
Homogeneous firms 1.335 0.914 1.345 1.392
(d) Smaller elasticity of substitution between goods: 0 =7 (o = 2.50)
No S.C. 1.534 1 0.762 1
Heterogeneous S.C. 1.494 0.974 0.878 1.153
Homogeneous firms 1.446 0.943 1.032 1.353
(e) Modest superelasticity for small-firm group: —0e; = 2 (0 = 4.66)
No S.C. 1.537 1 0.757 1
Heterogeneous S.C. 1.454  0.947 1.006 1.329
Homogeneous firms 1.430 0.931 1.086 1.435
(f) Larger number of firm groups: k =5 (o = 4.21)
No S.C. 1.537 1 0.757 1
Heterogeneous S.C. 1.483 0.965 0917 1.212
Homogeneous firms 1.440 0.937 1.056  1.395

Notes: The table presents the cumulative impulse responses (CIR) of inflation and output to a 1 percent
expansionary shock to the annualized monetary policy rate obtained in our model with the values of ¢;
reported in Table 3 (“Heterogeneous S.C.”), those obtained in the standard DSGE counterpart model with
homogeneous firms in which ¢; = € for all ¢ (“Homogeneous firms”), and their ratios with the corresponding

b

CIR in the case of “No strategic complementarity (S.C.),” i.e., ¢, = 0 for all . The other model parameter

values are reported in Tables 2 and 3, except for the alternative parameter values used in panels (b)—(e).

As for other structural parameters of the model, Table 4 reports the cumulative impulse

responses (CIR) in our model (with heterogeneous strategic complementarities) and in the
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standard DSGE counterpart model with homogeneous firms in which the same demand cur-
vature o is achieved as in our model, and the ratios of the CIR with the corresponding ones
in the case of no strategic complementarity. Panel (a) summarizes the numbers obtained
under the baseline calibration of model parameters reported in Table 2 and the firm-size-
specific parameter values presented in Table 3. As observed before, the amplification of the
CIR of output to a monetary policy shock obtained in the counterpart model with homo-
geneous firms is dampened substantially once strategic complementarities are concentrated
in only larger-firm groups. Panels (b), (¢), and (d) consider more nominal price rigidity
(& = 0.75), a less elastic labor supply (x = 1/2), and a smaller elasticity of substitution
between goods (6 = 7), respectively. Although the alternative parameter values influence
the CIR quantitatively, their influence goes in the same direction both in our model with
heterogeneous complementarities and in the case of no complementarity, so that the ratios
of the CIR are less sensitive. Panel (e) relaxes the assumption of a constant elasticity of
demand in the small-firm group (i = 1) by selecting a modest positive value of the superelas-
ticity of —fe; = 2. Because this makes the marginal cost elasticities across firm-size groups
more similar, the increase in monetary non-neutrality is somewhat more substantial, but still
weaker, in the model with heterogeneous complementarities than in the counterpart model
with homogeneous firms. Finally, panel (f) increases the number of firm groups to k = 5
using k-means clustering and detects almost no change from the results obtained under the

baseline calibration reported in panel (a).

5 Concluding Remarks

This paper has presented new empirical evidence based on firm survey data that compared to
small firms, larger firms show significantly less cost pass-through. The evidence complements
the empirical result of recent research that only large firms exhibit strategic complementar-
ities in price setting. To examine the implications of heterogeneity in strategic complemen-
tarity by firm size for inflation dynamics, the paper develops a DSGE model with the twin
features that firm heterogeneity in productivity generates heterogeneity in firm size and that
strategic complementarity in price setting arising from a non-CES aggregator of differenti-

ated goods is heterogeneous across firm size. The model is calibrated to the SUSB data of
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the US Census Bureau, and the calibration implies that larger firms with higher productiv-
ity exhibit stronger strategic complementarities in line with the empirical result of recent
research. The calibrated model generates substantially less real rigidity in relative prices and
a substantially smaller increase in monetary non-neutrality than the standard DSGE coun-
terpart model with homogeneous firms and hence homogeneous strategic complementarities
achieves. Real rigidity is weakened because small firms more fully pass through changes in
the marginal cost, which leads larger firms that exhibit strategic complementarities to bring
their goods prices in line with those of small firms.

Monetary policymakers gain insights from results based on DSGE models that often
assume homogeneous strategic complementarities in price setting across firms to ensure real
rigidity in relative prices and hence plausible monetary non-neutrality along with moderate
nominal price rigidity. The paper has shown that the link between strategic complementarity
and real rigidity is a fragile one that depends on the unrealistic simplifying assumption that
firm size is irrelevant for price-setting behavior. A promising agenda for future research using
DSGE models is therefore to consider other sources of real rigidity. A shift in emphasis from
so-called micro real rigidities, including strategic complementarity in price setting, toward
macro real rigidities, such as real wage rigidity and the input-output structure of the economy,

could put DSGE models on a more robust footing.
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Appendix
A Multi-product firms

This appendix outlines a version of the model in which firms possibly produce multiple goods.
There are k groups of firms Q; = {f € [0,1] : 2(f) = z,e(f) = €&}, i = 1,... k.
The firm groups €;, i = 1,...,k are disjoint, Uf 1 = [0,1], and the measure of firms
in group €; is fQ df = m;, so we have ZZ 1fQ df = ZZ ,m; = 1. Bach firm f € [0,1]
may produce multiple goods. Let the set of firm f’s goods be denoted by &y = {j €
[0,1] : goods produced by firm f}. The sets ®; for f € €; are disjoint, the sets (J;c, P
1 =1,...,k are also disjoint, Ule UfGQi o, = [0, 1], and the measure of goods produced by
all firms in group 7 is le f(bf dj df = n;, so we have Zle le fq>f dj df = Zle n; = 1. Note
that in the model with multi-product firms presented here, n; denotes the number of goods
produced by firms in group ¢ and differs from the number m; of firms in the group.
In the model, all goods are indexed by the pair (j, f). Thus, the aggregator (2) of the

composite-good producer becomes

Y, Yi(
[ ELr(4)o
! Y; 5\ Vi
The average relative price (4) and the condition for zero profits (6) also become, respectively,
P 1= ﬁ
”—[ [ (F52) djdf] =Lk,
1 o t
7,0 . Pt .
_ —ut d;, ; d d .
Zl‘i‘@, (dt> t+6 (nl/ﬁ;/i"f f>]

The aggregate production function of each firm group ¢ = 1, ...,k continues to be described

by (8) but with
_ L P4, f) o
Sit = / /@f( ) dj df.

These equilibrium conditions are apparently different from those of our model. Because

Calvo-style staggered price setting takes place across the goods produced by firms in group
(i.e., n;), rather than across the firms themselves (i.e., m;), the two models are observationally

equivalent.
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B Proof of Proposition 1

Suppose that z; = 1 for all : = 1,...,k. Then, we can verify that for any arbitrary values
of {&}f |, pf =d=1foralli=1,...,k is a solution to eqs. (46)—(47) in the model with
heterogeneous strategic complementarities. Thus, from (28), it follows that for each i, we

have I'; =1 — ¢,0/(0 — 1) and hence

1-90-p¢) (A =-0A=pg

e gy _5[1—61'9/(9_1)]

in the Phillips curve slope k = Zle w;ki. Moreover, in the standard DSGE counterpart

model with homogeneous firms, the slope of the Phillips curve is given by

-0
{1 —ef/(6—1)]
where € = Zle Wi€j.
Define the function
- (1=-9H0A -89
@) = eiaojo -1y
Then, we have k; = f(—¢;) foralli =1,...,k and & = f (—€). Since # > 1, we can show that

for z > —(0 — 1)/ (so that f(z) > 0), f is a convex function, i.e., f'(z) < 0 and f”(x) > 0.
From the convexity of f(x), it follows that for any arbitrary values {¢;}%_; such that x; > 0

forallt =1,...,k, we have

k k k
K= Zwmi = Zwif(_Gz‘) > f <— szfi) = f(-€) =k

Therefore, the slope of the Phillips curve is steeper in the model with heterogeneous strategic

complementarities than in the standard DSGE counterpart model with homogeneous firms. m

35



References

Amiti, Mary, Oleg Itskhoki, and Jozef Konings (2014). “Importers, exporters, and exchange
rate disconnect.” American Economic Review, 104(7), pp. 1942-1978. doi:10.1257 /aer.
104.7.1942.

Amiti, Mary, Oleg Itskhoki, and Jozef Konings (2019). “International shocks, variable
markups, and domestic prices.” Review of Economic Studies, 86, pp. 2356-2402. doi:
10.1093 /restud /rdz005.

Auer, Raphael A. and Raphael S. Schoenle (2016). “Market structure and exchange rate
pass-through.” Journal of International Economics, 98, pp. 60-77. doi:10.1016/j.jinteco.
2015.10.003.

Autor, David, David Dorn, Lawrence F. Katz, Christina Patterson, and John Van Reenen
(2020). “The fall of the labor share and the rise of superstar firms.” Quarterly Journal of
Economics, 135(2), pp. 645-709. doi:10.1093/qje/qjaa004.

Ball, Laurence and David Romer (1990). “Real rigidities and the non-neutrality of money.”
Review of Economic Studies, 57(2), pp. 183-203. URL https://www.jstor.org/stable/
2297377.

Beck, Giinther and Sarah M. Lein (2020). “Price elasticities and demand-side real rigidities
in micro data and in macro models.” Journal of Monetary Economics, 115, pp. 200-212.
doi:10.1016/j.jmoneco.2019.06.003.

Berman, Nicolas, Philippe Martin, and Thierry Mayer (2012). “How do different exporters
react to exchange rate changes?” Quarterly Journal of Economics, 127(1), pp. 437-492.
doi:10.1093 /qgje/qjr057.

Bernard, Andrew B., Stephen J. Redding, and Peter K. Schott (2010). “Multiple-product
firms and product switching.” American Economic Review, 100(1), pp. 70-97. doi:10.
1257 /aer.100.1.70.

Bhattarai, Saroj and Raphael Schoenle (2014). “Multiproduct firms and price-setting: The-
ory and evidence from U.S. producer prices.” Journal of Monetary Economics, 66, pp.
178-192. doi:10.1016/j.jmoneco.2014.05.002.

Bils, Mark, Peter J. Klenow, and Benjamin A. Malin (2012). “Reset price inflation and the

36


https://www.jstor.org/stable/2297377
https://www.jstor.org/stable/2297377

impact of monetary policy shocks.” American Economic Review, 102(6), pp. 2798-2825.
doi:10.1257 /aer.102.6.2798.

Broda, Christian and David E. Weinstein (2010). “Product creation and destruction: Ev-
idence and price implications.” American Economic Review, 100(3), pp. 691-723. doi:
10.1257 /aer.100.3.691.

Bu, Chunya, John Rogers, and Wenbin Wu (2021). “A unified measure of Fed monetary
policy shocks.” Journal of Monetary Economics, 118, pp. 331-349. doi:10.1016/j.jmoneco.
2020.11.002.

Calvo, Guillermo A. (1983). “Staggered prices in a utility-maximizing framework.” Journal
of Monetary Economics, 12(3), pp. 383-398. do0i:10.1016,/0304-3932(83)90060-0.

Cao, Dan, Henry R. Hyatt, Toshihiko Mukoyama, and Erick Sager (2022). “Firm growth
through new establishments.” Working paper, Georgetown University.

Carvalho, Carlos (2006). “Heterogeneity in price stickiness and the real effects of monetary
shocks.” Frontiers of Macroeconomics, 2(1), pp. 1-56. doi:10.2202/1534-6021.1320.

Carvalho, Carlos, Jae Won Lee, and Woong Yong Park (2021). “Sectoral price facts in a
sticky-price model.” American Economic Journal: Macroeconomics, 13(1), pp. 216-256.
doi:10.1257 /mac.20190205.

Christiano, Lawrence J., Martin Eichenbaum, and Charles L. Evans (2005). “Nominal rigidi-
ties and the dynamic effects of a shock to monetary policy.” Journal of Political Economy,
113(1), pp. 1-45. doi:10.1086/426038.

Crouzet, Nicolas and Neil R. Mehrotra (2020). “Small and large firms over the business
cycle.” American Economic Review, 110(11), pp. 3549-3601. doi:10.1257/aer.20181499.
Cunningham, Cindy, Lucia Foster, John Haltiwanger, Sabrina Wulff Pabilonia, Jay Stew-
art, and Zoltan Wolf (2023). “Dispersion in dispersion: Measuring establishment-level
differences in productivity.” Review of Income and Wealth, 69(4), pp. 999-1032. doi:

10.1111 /roiw.12616.

De Loecker, Jan, Jan Eeckhout, and Gabriel Unger (2020). “The rise of market power and
the macroeconomic implications.” Quarterly Journal of Economics, 135(2), pp. 561-644.
doi:10.1093 /qje/qjz041.

Dogra, Keshav, Sebastian Heise, Edward S. Knotek II, Brent H. Meyer, Robert W. Rich,
Raphael S. Schoenle, Giorgio Topa, Wilbert van der Klaauw, and Wéandi Bruine de Bruin

37



(2023). “Estimates of cost-price passthrough from business survey data.” Working Paper
23-14, Federal Reserve Bank of Cleveland. doi:10.26509/frbc-wp-202314.

Dossche, Maarten, Freddy Heylen, and Dirk Van den Poel (2010). “The kinked demand curve
and price rigidity: Evidence from scanner data.” Scandinavian Journal of Economics,
112(4), pp. 723-752. doi:10.1111/j.1467-9442.2010.01621..x.

Dotsey, Michael and Robert G. King (2005). “Implications of state-dependent pricing for
dynamic macroeconomic models.” Journal of Monetary Economics, 52(1), pp. 213-242.
d0i:10.1016 /j.jmoneco.2004.10.004.

Edmond, Chris, Virgiliu Midrigan, and Daniel Yi Xu (2023). “How costly are markups?”
Journal of Political Economy, 131(7), pp. 1619-1675. doi:10.1086,/722986.

Foster, Lucia, John Haltiwanger, and Chad Syverson (2008). “Reallocation, firm turnover,
and efficiency: Selection on productivity or profitability?” American Economic Review,
98(1), pp. 394-425. doi:10.1257 /acr.98.1.394.

Gertler, Mark and Simon Gilchrist (1994). “Monetary policy, business cycles, and the behav-
ior of small manufacturing firms.” Quarterly Journal of Economics, 109(2), pp. 309-340.
URL http://www.jstor.org/stable/2118465.

Gilchrist, Simon, Raphael Schoenle, Jae Sim, and Egon Zakrajsek (2017). “Inflation dynamics
during the financial crisis.” American Economic Review, 107(3), pp. 785-823. doi:10.1257/
aer.20150248.

Godl-Hanisch, Isabel and Manuel Menkoff (2025). “Firms’ pass-through dynamics: A survey
approach.” Working paper, LMU Munich.

Goldberg, Pinelopi Koujianou and Rebecca Hellerstein (2011). “How rigid are producer
prices?” staff report 407, Federal Reserve Bank of New York.

Gopinath, Gita and Oleg Itskhoki (2010). “Frequency of price adjustment and pass-through.”
Quarterly Journal of Economics, 125(2), pp. 675-727. do0i:10.1162/qjec.2010.125.2.675.
Gopinath, Gita and Oleg Itskhoki (2011). “In search of real rigidities.” In Daron Acemoglu
and Michael Woodford, editors, NBER Macroeconomics Annual 2010, pp. 261-309. Uni-

versity of Chicago Press. doi:10.1086/657540.

Haque, Qazi, Oscar Pavlov, and Mark Weder (2025). “Endogenous business cycles with small
and large firms.” Furopean Economic Review, 177. doi:10.1016/j.euroecorev.2025.105058.
Article 105058.

38


http://www.jstor.org/stable/2118465

Holmes, Thomas J. and John J. Stevens (2014). “An alternative theory of the plant size
distribution, with geography and intra- and international trade.” Journal of Political
Economy, 122(2), pp. 369-421. doi:10.1086/674633.

Kimball, Miles S. (1995). “The quantitative analytics of the basic Neomonetarist model.”
Journal of Money, Credit and Banking, 27(4), pp. 1241-1277. doi:10.2307/2078048.

Klenow, Peter J. and Oleksiy Kryvtsov (2008). “State-dependent or time-dependent pricing:
Does it matter for recent U.S. inflation?” Quarterly Journal of Economics, 123(3), pp.
863-904. doi:10.1162/qjec.2008.123.3.863.

Klenow, Peter J. and Jonathan L. Willis (2016). “Real rigidities and nominal price changes.”
Economica, 83, pp. 443-472. doi:10.1111/ecca.12191.

Leung, Danny, Césaire Meh, and Yaz Terajima (2008). “Firm size and productivity.” Working
Paper 2008-45, Bank of Canada. doi:10.34989/swp-2008-45.

Levin, Andrew T., J. David Lopez-Salido, Edward Nelson, and Tack Yun (2008). “Macroeco-
nomic equivalence, microeconomic dissonance, and the design of monetary policy.” Jour-
nal of Monetary Economics, 55(Supplement), pp. S48-S62. doi:10.1016/j.jmoneco.2008.
07.013.

Marshall, Alfred (1890). Principles of Economics. Macmillan.

7

Mongey, Simon (2021). “Market structure and monetary non-neutrality.” Working Paper
29233, National Bureau of Economic Research. doi:10.3386/w29233.

Nakamura, Emi and Jon Steinsson (2008). “Five facts about prices: A reevaluation of menu
cost models.” Quarterly Journal of Economics, 123(4), pp. 1415-1464. doi:10.1162/qjec.
2008.123.4.1415.

Nakamura, Emi and Jon Steinsson (2010). “Monetary non-neutrality in a multisector menu
cost model.”  Quarterly Journal of Economics, 125(3), pp. 961-1013. doi:10.1162/qjec.
2010.125.3.961.

Nakamura, Emi, Jon Steinsson, Patrick Sun, and Daniel Villar (2018). “The elusive costs
of inflation: Price dispersion during the U.S. Great Inflation.” Quarterly Journal of Eco-
nomics, 133(4), pp. 1933-1980. doi:10.1093/qje/qjy017.

Pasten, Ernesto, Raphael Schoenle, and Michael Weber (2020). “The propagation of mon-

etary policy shocks in a heterogeneous production economy.” Journal of Monetary Eco-

nomics, 116, pp. 1-22. doi:10.1016/j.jmoneco.2019.10.001.

39



Smets, Frank and Rafael Wouters (2007). “Shocks and frictions in US business cycles: A
Bayesian DSGE approach.” American Economic Review, 97(3), pp. 586—606. doi:10.1257/
aer.97.3.586.

Stock, James H. and Mark W. Watson (2008). “Heteroskedasticity-robust standard errors
for fixed effects panel data regression.” Econometrica, 76(1), pp. 155-174. doi:10.1111/j.
0012-9682.2008.00821 .x.

Taylor, John B. (1993). “Discretion versus policy rules in practice.” Carnegie-Rochester
Conference Series on Public Policy, 39, pp. 195-214. doi:10.1016/0167-2231(93)90009-1.
Ueda, Kozo (2023). “Duopolistic competition and monetary policy.” Journal of Monetary

Economics, 135, pp. 70-85. doi:10.1016/j.jmoneco.2023.01.003.
Wang, Olivier and Ivan Werning (2022). “Dynamic oligopoly and price stickiness.” American

Economic Review, 112(8), pp. 2815-2849. doi:10.1257 /aer.20201739.

40



	Federal Reserve Bank of Cleveland Working Paper Series
	Firm Size, Heterogeneous Strategic Complementarities,

and Real Rigidity
	Introduction
	Empirical Evidence
	Model
	Quantitative Investigation
	Conclusion
	Appendix: Multi-product firms
	Appendix: Proof of Proposition 1
	References




