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Strategic Inattention, Inflation Dynamics, and
the Non-Neutrality of Money

Abstract

How does competition affect information acquisition of firms and thus the response of inflation
and output to monetary policy shocks? This paper addresses these questions in a new dynamic
general equilibrium model with both dynamic rational inattention and oligopolistic competition.
In the model, rationally inattentive firms acquire information about the endogenous beliefs of their
competitors. Moreover, firms with fewer competitors endogenously choose to acquire less
information about aggregate shocks — a novel prediction of the model that is supported by
empirical evidence from survey data. A quantitative exercise disciplined by firm-level survey data
shows that firms’ strategic inattention to aggregate shocks associated with oligopolistic
competition increases monetary non-neutrality by up to 77% and amplifies the half-life of output
response to monetary shocks by up to 30%. Furthermore, the model matches the relationship
between the number of firms’ competitors and their uncertainty about inflation as a non-targeted
moment.
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1 Introduction

Since the seminal work of Friedman (1968) and Phelps (1967), macroeconomists have em-
phasized the importance of expectations for the evolution of prices in the economy. Almost
every modern monetary model relates aggregate price changes to price-setters’” expecta-
tions about aggregate inflation.! However, recent literature documents that firms’ inflation
expectations are subject to information frictions,? and firms with a larger number of com-
petitors have more accurate forecasts about aggregate inflation (Coibion, Gorodnichenko
and Kumar, 2018). These facts are not consistent with our standard models and raise the
following two questions: (1) Why do firms with more competitors have more accurate in-
flation expectations? (2) How does the interaction between the number of competitors and
the accuracy of inflation expectations affect the propagation of monetary policy shocks to
output and inflation?

In this paper, I develop a new dynamic general equilibrium model with both rational
inattention and oligopolistic competition to study these questions. In the model, the inter-
action of these two frictions generates an endogenous correlation between the number of
tirms” competitors and the accuracy of their inflation expectations. I calibrate the model
to firm-level survey data and find that the model matches the relationship between the
uncertainty of firms about aggregate inflation and the number of their competitors as a non-
targeted moment. Finally, I find that the interaction between oligopolistic competition and
rational inattention has quantitatively significant implications for the propagation of mone-
tary policy shocks to output and inflation such that it increases monetary non-neutrality by
up to 77%.

The model combines rational inattention and oligopolistic competition in an otherwise
standard dynamic general equilibrium framework. In the model, households form demand
for products of oligopolistic firms and monetary policy sets the aggregate nominal demand.
On the firms’ side, the economy is populated with a large number of oligopolies and there
is heterogeneity in the number of competitors within these oligopolies. All firms are ra-
tionally inattentive. They hire labor to produce information processing capacity as well as
to produce their consumption good. Furthermore, after choosing how much information
processing capacity to produce, they decide how to allocate that capacity between learning

about aggregate shocks and the endogenous beliefs of their oligopolistic competitors. Given

'In New Keynesian models inflation is increasing in expected aggregate inflation in the future (Woodford,
2003b). In models of information rigidity, it is increasing in past expectation of current inflation (Lucas Jr,
1972; Mankiw and Reis, 2002).

2For instance, Kumar, Afrouzi, Coibion and Gorodnichenko (2015) document that managers in New
Zealand make average errors of 2 to 3 percentage points in perceiving current as well as forecasting future
inflation. Similarly, Bryan, Meyer and Parker (2015) document that managers in the U.S. also report much
higher as well as more dispersed expectations of overall price changes in the economy:.
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their optimal information structure, firms then choose their prices and meet their demand.

The first contribution of this paper is to characterize the optimal information structure of
rationally inattentive firms in a strategic environment within a dynamic general equilibrium
model. Firms that compete with only a few others optimize over their price relative to the
prices of their direct rivals. When information is costly, such firms find themselves facing
an endogenous trade-off: how much to track the exogenous shocks versus the direct beliefs
of their rivals about those shocks. In particular, when the number of competitors is finite,
the average beliefs of firms’ competitors exhibit non-fundamental volatility that is due to
endogenous shocks to beliefs. These endogenous shocks, which arise from firms” mistakes
in perceiving exogenous shocks, are not only costly to the firms who make them, but also
for their competitors due to strategic complementarities in pricing. Accordingly, with costly
information, oligopolistic firms have incentives to be strategically inattentive to aggregate
shocks. They find it optimal to pay direct attention to the mistakes of their competitors,
even at the expense of substituting attention away from fundamental shocks that affect
their own profits.

The second contribution of this paper is to characterize the dynamic consequences of
tirms’ strategic inattention incentives for the evolution of their beliefs. To do so, I calibrate
the dynamic oligopolistic model with rational inattention and heterogeneity in the number
of competitors within oligopolies to firm-level survey data. In the calibrated model, firms
in oligopolies with a larger number of competitors allocate a higher amount of attention to
learning the aggregate shocks. Accordingly, their forecasts about aggregate variables are
more accurate, on average, and their posteriors about these variables are more certain. This
is a unique prediction of the oligopolistic rational inattention model and is supported by
the evidence on point forecasts from Coibion, Gorodnichenko and Kumar (2018). I also
provide further evidence for this channel by documenting that firms with a larger number
of competitors have more certain posteriors about aggregate inflation (i.e. they are more
certain about their forecasts given the distribution of their subjective beliefs). The calibrated
model matches the decline in the uncertainty of firms about inflation as a function of their
number of competitors as non-targeted moments.

In the model, two channels link information acquisition to the number of competitors
within an oligopoly. First, the number of competitors changes the sensitivity of firms’ profit
functions to all shocks and affects the optimal level of information processing capacity that
tirms choose to produce. This sensitivity is related to firms’ elasticities of demand which in-
crease with the number of their competitors. Hence, firms with more competitors produce
more capacity for processing information. Second, the number of competitors also changes
how firms allocate their produced capacity between aggregate shocks and the endogenous

beliefs of their competitors about those shocks. Two separate forces interact for this alloca-
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tion of attention: (1) in the calibrated model, profits of firms with more competitors are more
sensitive to the mistakes of their rivals because they have larger degrees of strategic com-
plementarities in pricing. This implies an increase in firms’ strategic incentives with respect
to the number of their competitors. (2) In oligopolies with a larger number of competitors,
mistakes wash out due to the law of large numbers and firms’ beliefs are on average more
correlated with aggregate shocks. Smaller mistakes then diminish the firms’ incentives in
tracking the beliefs of their competitors.

The resultant effect of competition on information acquisition depends on the interac-
tion of these forces. Overall, in the calibrated model, firms in more competitive oligopolies
produce more information processing capacity and allocate a larger amount of that capacity
towards learning the aggregate shocks. This prediction of the calibrated model matches the
empirical evidence that firms with a larger number of competitors are more informed about
aggregate variables (Coibion et al., 2018).

The third contribution of this paper is to quantify the implications of these incentives
for the propagation of monetary policy shocks to output and inflation. Since firms in less
competitive oligopolies acquire less information about the aggregate shocks, the response of
their prices to these shocks are smaller and more persistent, both of which amplify monetary
non-neutrality. In a set of counterfactual exercises, I find that this effect is quantitatively
significant relative to a model with monopolistic competition: it increases the volatility of
output due to monetary shocks by up to 77% and increases the half-life of output by up to
30% (1 quarter). Moreover, it lowers the volatility of inflation caused by monetary shocks
by up to 13% and increases its half-life by up to 17% (2 months).

These effects on monetary non-neutrality are driven by two opposing forces in the cali-
brated model. On the one hand, firms with fewer competitors pay less attention to monetary
policy shocks due to strategic incentives, which amplifies monetary non-neutrality through
larger information frictions. On the other hand, firms in oligopolies with fewer competitors
have lower degrees of strategic complementarity, which attenuates the degree of monetary
non-neutrality. A decomposition of the net effects of these two forces shows that while both
forces are quantitatively significant in the calibrated model, the first force dominates and
the resultant effect is such that monetary non-neutrality is amplified when the number of
competitors within oligopolies are smaller.

Finally, to further illustrate the implications of strategic incentives for inflation dynam-
ics, I derive a closed-form expression for the model-implied Phillips curve in the special case
where firms are fully myopic and show that it relates inflation primarily to price-setters’
expectations about their competitors’ price changes rather than their expectations about ag-



gregate inflation.> Therefore, the model also provides an explanation for why, in countries
like New Zealand and the U.S., aggregate inflation can remain low and stable even when
price-setters” expectations of aggregate inflation are not. Inflation expectations simply play
little role in price-setting decisions when rationally inattentive price-setters have strategic

motives.

Literature Review. The paper is mainly and closely related to the literature on rational
inattention (Sims, 2003, 2006; Matéjka and McKay, 2015), and its implications for business
cycles, pricing, and monetary non-neutrality (Mackowiak and Wiederholt, 2009, 2015; Pa-
ciello and Wiederholt, 2014; Matéjka, 2015; Pasten and Schoenle, 2016; Stevens, 2020; Yang,
2019).* More broadly, the paper is also related to the literature on the effects of information
rigidities on propagation of nominal shocks (Lucas Jr, 1972; Woodford, 2003a; Nimark, 2008;
Angeletos and La’O, 2009; Melosi, 2016; Baley and Blanco, 2019).

Among these, the closest relationship is with Mackowiak and Wiederholt (2009) and Pa-
ciello and Wiederholt (2014). The former characterizes how firms allocate a fixed amount of
attention between aggregate and idiosyncratic shocks in a monopolistic competition envi-
ronment. The latter endogenizes the amount of attention as a choice variable for firms and
studies optimal policy. However, the main focus of this paper is to study how oligopolistic
competition affects both of these incentives through strategic interactions. The strategic en-
vironment considered here makes the joint distribution of idiosyncratic shocks (interpreted
in the model as mistakes of firms) an endogenous object which, in turn, feeds back into
the information acquisition of firms. The novel result here is that, all else equal, varying
the number of competitors has quantitatively significant implications for both incentives in
information acquisition and propagation of shocks.

Furthermore, the paper is also related to the literature that formalizes the incentive to
learn about others’ beliefs in strategic environments (Hellwig and Veldkamp, 2009). The
main departure here is to relate the strength of this incentive to the number of players and
understand how the two interact in a macroeconomic setting.5 Moreover, the fact that firms
use their information about their competitors’ beliefs to forecast aggregates is related to the
insight in Hellwig and Venkateswaran (2009) where firms mistakenly attribute aggregate

shocks to firms-specific ones.

3The message carries on to the case where firms are not myopic, but the Phillips curve does not have a
closed-form expression in that case.

4For applications to other areas in macroeconomics, see, e.g., Luo (2008); Tutino (2013); Khaw and Zorrilla
(2018) for consumption; Luo et al. (2012) for current account; Zorn (2016) for investment; Peng and Xiong
(2006) for asset pricing; Mondria and Wu (2010) for home bias; and Ilut and Valchev (2017) for imperfect
problem solving.

SIn that sense, the setup of our static model here is theoretically related to the one in Denti (2018) where
players can flexibly acquire correlated information.



Moreover, the dynamic model of this paper also relates to a recent literature on charac-
terizing the solution to dynamic rational inattention models in LQG settings (Mackowiak et
al., 2018; Steiner et al., 2017; Fulton, 2018; Afrouzi and Yang, 2019; Miao et al., 2020). While
this literature focuses on characterizing the solution to dynamic rational inattention models
for a single decision-maker, the main departure in this paper is to utilize these tools and
extend them to a game-theoretic framework with strategic interactions.

Finally, the study of monetary non-neutrality in this paper is motivated by the empiri-
cal evidence on real effects of monetary shocks and aggregate price rigidities (Christiano et
al., 1999; Romer and Romer, 2004).° While the model is designed to create aggregate price
rigidity, the assumption that firms can adjust prices every period causes the model to miss
the unconditional micro price rigidity observed in the data (Bils and Klenow, 2004; Naka-
mura and Steinsson, 2008). This is a common shortcoming of rational inattention models
in LQG settings, and can potentially be addressed by either moving beyond the LQG setup
or adding nominal rigidities such as menu costs on top of oligopolistic competition and

rational inattention, both of which would be natural steps forward for future research.”

Outline. The paper is organized as follows. Section 2 illustrates the nature of firms’ in-
formation acquisition incentives in a simplified static model and derives a set of testable
predictions. Section 3 relates the predictions of the model to the firm-level survey data from
New Zealand. Section 4 presents the dynamic general equilibrium model and discusses the
calibration strategy. Section 5 presents the results for monetary non-neutrality and propaga-
tion of shocks. Section 6 discusses robustness and alternative parameterizations. Section 7
concludes. Moreover, all the technical derivations as well as the proofs for alla the proposi-
tions and corollaries are included in Appendices B and F, for the static and dynamic models

respectively.

2 A Static Model

The goal of this section is to illustrate the interaction of rational inattention and oligopolistic

competition within a simple static model. The model presented here is a special case of

®See, also, Leeper et al. (1996); Uhlig (2005); Gertler and Karadi (2015); Nakamura and Steinsson (2018).

"In monopolistic competition environments, both of these cases have been studied before. See, for instance,
Matéjka (2015) for a price-setting model without the LQG assumption that implies rigid micro prices. Also,
monetary non-neutrality under menu costs has been studied extensively (Golosov and Lucas Jr, 2007; Gertler
and Leahy, 2008; Nakamura and Steinsson, 2010; Midrigan, 2011; Vavra, 2014; Alvarez et al., 2016). Moreover,
in a model with both oligopolistic competition and menu costs, Mongey (2018) shows that monetary non-
neutrality is amplified. Finally, see also Alvarez et al. (2011) for a model with both observation and menu
costs with monopolistic competition and Yang (2019) for a model of monopolistic competition with menu
costs and rational inattention.



the dynamic general equilibrium model specified in Section 4. While the general dynamic
model has to be solved computationally, the solution to the static case is in closed form and
provides intuition for interpreting the results in later sections. In the main text, I focus on
the economics of the forces at work. All informal claims in this section are formalized in

Appendix B, and the proofs for propositions are included in Appendix B.8.

2.1 The Environment

There are a large number of sectors in the economy indexed by j € {1,...,]}, and within
every sector there are K firms. Let index j, k denote firm k in sector j. K here represents the
number of firms in a specific (sub)industry that directly compete with one another.®

Firms are price setters and their profits are affected by a normally distributed fundamen-
tal shock that I denote by g ~ N'(0,1). For any realization of the fundamental, and a set of
prices chosen by firms across the economy, (q, pjk)jx)ejxk- the losses of firm j, k in profits

is given by
1
Lix((q,pjk)jkerxx) = (pix— (1 —a)g —am—=3Y " pj))%
K—-1 1Zk

where « € [0,1) denotes the degree of within industry strategic complementarity.”

To illustrate the importance of endogenizing information choices of firms in this envi-
ronment, let us briefly consider the case of exogenous information. For an endowed infor-
mation structure for the economy, aggregating the best responses of firms in pricing, we get
the following expression for the aggregate price:

p = (1—a)E/*[q] + aE/*[p; 4], (1)

where E/*[g] is the average expectation across firms of the fundamental, and E/*[p; ] is
their average expectation of their own competitors” prices. While this equation resembles
the usual result in beauty contest games, the key departure here is that the aggregate price
no longer depends on the average expectation of the aggregate price across firms. Instead,
it depends on the average expectation of firms about their own-industry prices.!”

Therefore, in order to understand how prices are determined in the economy, one needs

8When asked how many direct competitors they face in their main product market, firms in New Zealand
report an average of 8 (See Figure (1)).

9Here the fundamental g, and prices, (p ik)jes kek, can be interpreted as log-deviations from a steady state
symmetric equilibrium, which allows us to normalize their mean to zero. I micro-found this function in the
dynamic model, where the quadratic loss is based on a second order approximation to the profit function of
oligopolistic firms and « depends on the household’s demand for their goods.

10Gee, for instance, Morris and Shin (2002); Angeletos and Pavan (2007) for a discussion of beauty contests
with exogenous information sets, and the value of information within them.



to understand how firms form their expectations of both the fundamental as well as the
prices of their competitors.

2.2 Firms’ Problem

Firms make two choices. First, they choose an information structure subject to the finite
amount of attention that informs them about the fundamental and the prices of their com-
petitors. Second, they choose a pricing strategy that maps the realization of their signals to
a price.

I model the information choice problem of the firms using rational inattention where
arbitrarily precise information about shocks and beliefs of others are available. However,
information is costly and firms have to trade off the precision of information with its cost.
Subject to this cost, firms choose their information set to maximize their ex-ante payoffs.

Formally, I assume that there is a set of available signals in the economy, denoted by
S, that is rich insofar that it allows firms to freely choose the joint distribution between
their own signals, their competitors’ signals and the fundamental. In particular, players are
allowed to choose distributions that imply correlated beliefs, even conditional on the ex-
ogenous shocks. This requires a careful definition of the strategies along with a rich set of
available information that allows for such strategies. A formal definition and characteriza-
tion of a such an information set is provided in Appendix B.2.1

Moreover, a byproduct of assuming a rich set of available information is that firms al-
ways choose to observe only one signal. Lemma B.4 in Appendix B.4 provides a formal
proof of this claim.!? Intuitively, the result hinges on the fact that information is only val-
ued by firms insofar it allows them to choose a better price. Therefore, under the optimal
information choice, a firm’s price should be a sufficient statistic for its signal(s). Richness is
a necessary condition for the existence of such signals.

Therefore, a pure strategy for firm j, k is to choose a signal S, € S, and a pricing strategy
Pik: Sjx — R. Given a strategy profile for others, (51, € S) 1)+ (jk), firm j, k’s problem is

2
1
in [E in [E ik(Sik) — (11— — X 1(S; Si 2
SHES [ PSR (p],k< )~ (=g —ag—y L pi m) S| @

st. Z(Sixs (@ PLn(Sim)) my£Gik)) < %

My definition of a rich information set corresponds to the concept of flexibility in information acquisition
in Denti (2018).

12Gee also Steiner et al. (2017); Mackowiak et al. (2018); Afrouzi and Yang (2019) for proofs of similar lemmas
in single decision making problems.



where Z(S; x; (9, P1m(S1,m)) (1,m) £ (j r)) measures the amount of information that the firm’s
signal reveals about the fundamental shock and the prices of other firms in the economy.'?
This constraint simply requires that a firm cannot know more than « bits about the fun-
damental g and the signals that others have chosen in S. In the dynamic model, we also

endogenize « as a choice variable for firms.

Definition 1. A pure strategy Gaussian equilibrium for this economy is a strategy profile
(Sj,k €S, Pik S]"k — ]R)(j,k)eij such that V(], k) €] xK, (Sl,m/ pl,m)(l,m)#(j,k) solves j, k's
problem as stated in Equation (2).

It is shown in Appendix B that the equilibrium is unique in the joint distribution of prices
for firms. This result allows us to abstract away from characterizing the underlying signals
and directly focus on how firms’ prices are related to one another. Let p;  be the price that
firm j, k charges in the equilibrium. Then the unique joint distribution of prices and the
fundamental shock are characterized by

1
Pik = A <(1 —a)gtag— ), m,z) +2jk (3)
12k
Zije L (9 Sm) (m1) 27 k)
1
]E[Zj,k] =0, War(Z]',k) = /\(1 - )‘)War <(1 - [X)q + [XK -1 Z pj/l>
12k

Where A = 1 —272¢ and Zjx is noise in prices introduced by rational inattention. Ap-
pendix B.6 shows that this system of equations uniquely pins down the equilibrium distri-
bution of prices and the fundamental shock. Two observations immediately follow: larger
capacity, «, increases the covariance of prices with the fundamental and decreases the vari-
ance of the rational inattention noise. In particular, when x — oo, A approaches 1, the noise
disappears and p;x = ¢,V], k. The rest of this section unpacks the properties of this solu-
tion and studies its economic implications for given levels of x, x and K. Afterwards, in the
dynamic model, I allow firms to endogenously choose x, micro-found « through a demand

system and introduce heterogeneity in K that I then calibrate to the survey data.

B7 (.;.) is Shannon’s mutual information function. In this paper, I focus on Gaussian random variables, in
which case Z(X;Y) = }log,(det(var(X))) — 4 log, (det(var(X|Y))). The Gaussian nature of the information
structure is self-consistent in the equilibrium. When a firms” opponents choose Gaussian signals, under the
quadratic loss it is also optimal for the firm to choose a Gaussian signal. See Cover and Thomas (2012) for
optimality of Gaussian signals under quadratic objectives with Gaussian fundamentals.



2.3 Attention Allocation

The finite attention of a firm caused by a finite x implies that this price cannot be fully
revealing of the fundamental and contains the firm'’s perception noise caused by inattention.
This noise acts as a mistake in observing the fundamental and affects the price of the firm
and, accordingly, the profits of its competitors.

Definition 2. A mistake is a part of a firm’s price that is unpredictable by the fundamentals

of the economy.

Thus, any firm’s price can be decomposed into the part that is correlated with the fun-
damental and the part that is orthogonal to it:

Pik = o9 + Uik Uik L 4, o €R.

The vector (v]-,k) jkejx Kk, therefore, contains the mistakes of all firms in pricing, with their joint
distribution endogenously determined in the equilibrium.

It is important to mention that these mistakes need not be independent across firms.
In fact, by endogenizing the information choices of firms, one of the objectives here is to
understand how the mistakes of different firms relate to one another in the equilibrium,
or intuitively how much managers of competing firms attend to the mistakes of their rivals
and incorporate them in their own prices. Moreover, the coefficient §, which determines the
degree to which prices covary with the fundamental of the economy, is also an equilibrium
object. Our goal is to understand how § and the joint distribution of mistakes rely on the

underlying parameters of the model: «, K and x.

Definition 3. The amount of attention that a firm pays to a random variable is the mutual
information between their set of signals and that random variable. Moreover, we say a firm

knows more about X than Y if it pays more attention to X than Y.

In the static model, the amount of attention is directly linked to the absolute value of
the correlation between a firm'’s signal and the random variable to which the firm is paying
attention.'* Appendix B.7 shows that when others play a strategy in which ﬁ Y4k Pl =
09 + vj i, the attention problem of firm j, k reduces to choosing the correlation of their
signal with the fundamental and the mistakes of others:

maXp,>0,0,>0 g + #010_5)90 ’
st prtps<A=1-272

14For two normal random variables X and Y, let Z(X, Y) denote Shannon’s mutual information between the
two. Then Z(X,Y) = —1log,(1 — p%w) where pyx y is the correlation between X and Y. Notice that Z(X, Y) is

. . . 2
Increasing m pX,Y .

10



Here 0, = var(vj,— k)% is the standard deviation of the average mistakes of j, k's competi-
tors, p, is the correlation of the firm’s signal with the fundamental, and p, is its correlation
with the average mistake of its competitors.

The following proposition states the properties of the equilibrium. The closed form so-
lutions and derivations are included in the proof in Appendix B.

Proposition 1. In equilibrium,

1. Firms pay strictly positive attention to the mistakes of their competitors (p; > 0) if & > 0 and
K is finite.

2. Firms’ knowledge of the fundamental increases in the number of their competitors and de-
creases in the degree of strategic complementarity:
d

* d *
qu > 0, apq < 0.

3. Firms do not pay attention to mistakes of those in other industries: V(j, k), (I,m), if j # 1,
Pik L pimla.

The first part of Proposition 1 follows from the fact that firms are affected by the mistakes
of their competitors and find it optimal to pay strictly positive attention to them. However,
since mistakes are orthogonal to the fundamental, any attention to others” mistakes has to
be traded off with attention to the fundamental.

The second part of Proposition 1 shows how the incentive to track others” mistakes is
affected by the degree of strategic complementarity and the number of a firm’s competi-
tors. « is the underlying parameter that relates the payoff of a firm to the mistakes of its
competitors. The larger is «, the more the payoffs of a firm depends on the mistakes of its
competitors. Accordingly, the firm finds it more in their interest to track those mistakes.
This illustrates the importance of micro-founding these strategic complementarities, which
is one of the main objectives of the model in Section 4.

Moreover, the direct effect of K is captured by the presence of ¢, in the objective of the
tirms and the fact that firms are only affected by the average of their rivals” mistakes. This
variance gets smaller as the number of a firm’s competitors increases and goes to zero as
K — 00.15 Therefore, the larger the number of a firm’s competitors, the more their mistakes
“wash out”. This allows a more competitive firm to substitute away from paying attention
to others’” mistakes and pay more attention to the fundamental shock.

15This is an equilibrium outcome as ¢, is determined by the endogenous choices of firms. To see how this
emerges in the equilibrium, notice that if K — oo, a firm has no incentive to pay attention to others’ mistakes
if they are independent as the law of large numbers would imply o, = 0. Since incentives are symmetric, in
the equilibrium all firms prefer to have independent mistakes, implying that ¢, = 0.
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Finally, Appendix B shows that, in equilibrium, the covariance of aggregate price and

the fundamental shock is given by
_ A—aA
1 —aA’

This implies that the degree to which prices covary with the fundamental in an industry

increases with the capacity of processing information and decreases with the degree of
strategic complementarity. While it is the case that this covariance is independent of the
number of firms, this is not a robust feature and goes away in dynamics where strategic
complementaries are micro-founded and beliefs are dynamic.

2.4 Equilibrium Prices and Expectations

In conventional models, price setters” expectations of the aggregate price is a crucial element
of their pricing decisions. However, the empirical evidence on firms” expectations about
aggregate inflation suggests that this link is not present in the data, and there is a disconnect
between firms’ prices and their expectations of aggregate inflation. This simple model,
however, predicts a different relationship between prices and expectations. Here, firms’
prices are related to their expectations of their competitors’ prices, and the aggregate price
is related to an average of those expectations:

p = (1 - a)EX[g] + alEi¥[p; _].

The following proposition shows that this model creates a wedge between prices and

aggregate expectations of firms about the aggregate price.

Proposition 2. In equilibrium, the aggregate price co-moves more with the average expectations
from own-industry prices than average expectations of the aggregate price itself, meaning that

cov(p, EI*[pj,_]) > cov(p, E¥[p]).
Moreover, the two converge to each other as K — oo.

Therefore, what firms know about the prices of their competitors matters more for the
determination of the aggregate price than what they know about the aggregate price itself.
This result also holds in the dynamic model in the sense that inflation is driven more by
the expectations of industry price changes than by the expectations over inflation itself. The
following corollary shows that the realized price is also closer to the average own-industry
price expectations than the average expectation of the aggregate price.
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Corollary 1. In equilibrium, the realized price is closer in absolute value to the average expectations
from own-industry prices than the average expectation of the aggregate price itself.

[P —EK]p; ]l < |p — EX[p]]

The intuition behind these results relies solely on the incentives of firms in paying atten-
tion to the mistakes of their competitors. In equilibrium, the signals that firms observe are

more informative of their own industry prices than the aggregate economy:

covaries with aggregate price

~ =~
Sk = P Ut ik

[

~
covaries with industry prices

where we have decomposed the mistake of firm j, k as vjx = u; + ¢;x, where u; L pis the
common mistake in industry j and e; is the independent part of firm j, k’s mistake. The
fact that var(u;) # 0 by Proposition 1 implies that the firm is more informed in predicting
its own industry price changes than the aggregate price, and the two would become the
same only if there was no coordination within industries in information acquisition, which
happens when K — co.

This result, along with its counterpart in the dynamic model, shows how stable infla-
tion can be an equilibrium outcome even when firms’ expectations of that inflation are
ill-informed. What firms need to know in terms of figuring out their optimal price is a
combination of the fundamental g and their own industry price changes. While the aggre-
gate price will be correlated with both of these objects, it does not by itself play an important

role in firms’ profits and firms do not need to directly learn about it.

3 Model Predictions and the Survey Data

The goal of this section is twofold: first, to provide evidence for the main assumptions of
the model and, second, to test the main predictions of the simple model against data. To
do so, I use a unique quantitative survey of firms’ expectations from New Zealand, which
is comprehensively discussed in Kumar, Afrouzi, Coibion and Gorodnichenko (2015) and
Coibion, Gorodnichenko and Kumar (2018), to assess the predictions of the model in the
previous section. The survey was conducted in multiple waves among a random sample of
tirms in New Zealand with broad sectoral coverage.

The new empirical contribution in this paper relative to the previous papers that have
used this data is that I (1) implement and utilize a new question in the survey to back-out

the degree of strategic complementarity for firms, and (2) document that firms with more
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competitors have more certain posteriors about the aggregate inflation.

3.1 Number of Competitors and Strategic Complementarity

Two assumptions are crucial for the results of the model in the previous section: the finite-
ness of a firm’s competitors and the existence of micro-level strategic complementarities.
Two questions in the survey directly measure these for every firm within the sample and

quantify these assumptions. The first question asks firms
“How many direct competitors does this firm face in its main product line?”

Figure (1) shows the distribution of firms’ responses to this question. Columns (1) and
(2) in Table (1) show that the average firm in the sample faces only eight competitors with
45% of firms reporting that they face six or fewer competitors. A breakdown of firms” an-

swers from different industries shows that this average is fairly uniform across them.

0 2 4 6 8 10 12 14 16 18 20 2 24 26 28 30
Number of Competitors

Figure 1: Distribution of the Number of Competitors
Notes: the figure presents the the distribution of the number of competitors that firms report they face in their
direct product market in the survey data from New Zealand. The numbers over bars denote the percentage
of firms within the corresponding bin. Firms with more than 30 competitors are dropped (only less than 1
percent of firms report they have more than 30 competitors, with a max of 42).

We also implemented a question in the survey to measure the degree of micro-level
strategic complementarity. This has been a challenging parameter to estimate in the litera-
ture due to major endogeneity concerns: it is rarely possible to find exogenous variations in
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the prices of a firms’ competitors that are not correlated with aggregates or the firm’s own
costs. To bypass this issue, I rely on the following hypothetical question to measure the

degree of strategic complementarity:

“Suppose that you get news that the general level of prices went up by 10% in the economy:
a. By what percentage do you think your competitors would raise their prices on average?
b. By what percentage would your firm raise its price on average?
c. By what percentage would your firm raise its price if your competitors did not change their

price at all in response to this news?”

The question proposes a change in the firms” environment that is coming through aggre-
gate variables, which affects both their costs and those of their competitors. The question
then measures three different quantities that allow me to disentangle the degree of strategic

complementarity for the firm:

Answer to b.

N\

pik = (1—a)EX[q] + aB[p; _4]. (4)
Answer to c. Answer to a.

The average a implied by the responses of firms to this question is 0.82 and uniform
across different industries, as reported in columns (3) and (4) of Table (1). The usual calibra-
tion for the strategic complementarity in the U.S. in monopolistic competition models is 0.9

which is slightly larger than what I estimate here.

Table 1: Number of Competitors and Degree of Strategic Complementarity

Number of Competitors Strategic Complementarity
(1) (2) (3) (4)

Constant 8.449 (0.113) 8.367 (0.198) 0.817 (0.008) 0.795 (0.015)
Manufacturing - - - -
Construction -1.285 (0.425) 0.063 (0.032)
Trade 0.183 (0.334) 0.010 (0.026)
Services 0.319 (0.287) 0.031 (0.021)
Observations 3072 2667 2824 2445

Standard errors in parentheses
Notes: the table presents statistics for the number of competitors and the degree of strategic complementarity

in the survey data from New Zealand. Columns (1) and (2) report the average number of competitors that
firms report they face in their main product market. Columns (3) and (4) show the coefficient for the degree

of strategic complementarity from Equation (4).

16Gee, for instance, Mankiw and Reis (2002); Woodford (2003b).
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3.2 Knowledge about Industry versus Aggregate Inflation

One of the main predictions of the model is that firms are more aware of their competitors’
price changes than the aggregate price.

In the fourth wave of the survey, conducted in the last quarter of 2014, firms were asked
to provide their nowcasts of both industry and aggregate yearly inflation.

Table 2: Size of Firms’ Nowcast Errors

Observations Industry inflation Aggregate inflation

mean std mean std
Industry (1) (2) (3) (4) (5)
Construction 52 0.75 0.54 3.95 1.95
Manufacturing 363 1.43 1.72 2.55 2.04
Financial Services 352 1.51 1.51 4.23 1.73
Trade 302 0.63 0.90 2.31 1.93
Total 1,069 1.20 1.49 3.11 2.09

Notes: the table reports the size of firms’ nowcast errors in perceiving aggregate inflation versus industry
inflation for the 12 months ending in December 2014.

Table (2) reports the size of firms’ nowcast errors in perceiving these two inflation rates.!”
The average absolute nowcast error across firms about their own industry inflation is 1.2
percentage points, a magnitude that is considerably lower than the average absolute now-
cast error about aggregate inflation, 3.1 percentage points.

Furthermore, Figure (2) shows that in addition to this striking difference in the averages,
the distributions of these nowcast errors are skewed in opposite directions: for nearly two-
thirds of firms, their nowcast error of the aggregate inflation is larger than the mean error,

while the reverse is true in the case of industry inflation.

3.3 Uncertainty about Inflation versus Number of Competitors

In the sixth wave of the survey, conducted in 2016, firms were asked to report the distribu-
tion of their beliefs about both aggregate and their industry inflation through the following
two similarly worded questions:

“Please assign probabilities (from 0-100) to the following ranges of overall price changes in

[the economy] [your industry] over the next 12 months for New Zealand.”

7Nowrcast errors for industry inflation are measured as the distance between firms’ nowcast and the real-
ized inflation in their industry.
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Industry Inflation
Aggregate Inflation

-----------------

Size of Nowcast Errors (Percentage Points)

Figure 2: Distributions of the Size of Firms’ Nowcast Errors
Notes: the figure presents the distribution of the size of firms’ errors in perceiving the aggregate and their
industry inflation in New Zealand. The dashed vertical lines denote the means of these distributions.

For both questions, firms were provided with an identical set of bins to which they assigned
their subjective probabilities.'®

Proposition 1 predicts that knowledge about the aggregate price should be increasing
in the number of a firm’s competitors. This is a unique feature of the oligopolistic rational
inattention model and is a testable prediction. To test this prediction, I run the following

regression:

log(o7") = Bo + B1log(Ki) +€;, (5)

where 07" is firm i’s subjective uncertainty about the aggregate inflation, and K; is the num-
ber of competitors that they report in their main product market. The model’s prediction
translates to the null hypothesis that f; < 0. Table (3) reports the result of this regression,
and shows that this is indeed the case. This result is also robust to including firm controls

such as firms” age and employment as well as industry fixed effects.

8These were two separate questions in the survey that I have combined here in order to avoid repetition.
The assigned bins varied from -25 percent to 25 percent with 5 percent increments. The wide range is provided
because firms are highly uncertain about inflation and assign positive probabilities to high inflation rates. The
large negative magnitudes were also provided to avoid priming concerns.
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Table 3: Subjective Uncertainty of Firms and the Number of Competitors.

log(o]")
(1) (2)
log(#competitors) -0.116 -0.113
(0.012) (0.013)

Firm controls
and FEs No Yes

Observations 1,662 1,552

Robust standard errors in parentheses
Notes: the table reports the result of regressing the log standard deviation of firms’ reported distribution for
their forecast of aggregate inflation on the log of their number of competitors as well as a set of firm controls
(age, size measured by employment, and fixed effects for construction, manufacturing, financial services and
trade industries).

The significance of this coefficient in explaining firms’ uncertainty about aggregates is
an observation that is not reconcilable with full information rational expectation models or,
to the best of my knowledge, any other macroeconomic model of information rigidity prior
to this paper, and indicates the importance of strategic incentives in how much firms pay
attention to aggregate variables in the economy.

4 A Micro-founded Dynamic Model

The goal of this section is to extend the simple static model of Section 2 to a dynamic gen-
eral equilibrium model to quantitatively analyze the effects of firms’ strategic incentives in
information acquisition for the propagation of monetary policy shocks to aggregate output
and inflation.

In particular, the model in this section improves on the static model by (1) micro-founding
the loss function and micro-level strategic complementarities as a function of a representa-
tive household’s demand for different varieties of goods (2) endogenizing the choice of
information processing capacity on the part of firms, and (3) considering the dynamic in-
centives of firms in information acquisition in addition to their strategic incentives (dynam-
ically inattentive firms realize that information has a continuation value and choose their
information accordingly).

All the derivations as well as the proofs for the propositions regarding the dynamic
model are included in Appendix F.
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4.1 Environment
4.1.1 Households

There is a large variety of goods produced in the economy. In particular, the economy con-
sists of a large number of sectors, j € | = {1,...,]}; and each sector j consists of Kj > 2
firms that produce weakly substitutable goods. Here, K; is drawn from an exogenous dis-
tribution K (that I will, later on, calibrate to the distribution of the number of competitors
in the data). The representative household takes the nominal prices of these goods as given
and forms a demand over the product of each firm in the economy. In particular, the aggre-

gate time t consumption of the household is

c=J1c! . 6)

i€l
where C;; is the composite demand of the household for the goods produced in sector
j and is determined by a CES aggregation of within sector goods with an elasticity of sub-
stitution 77 > 1." Equation (6) denotes that the aggregate consumption of the household is
Cobb-Douglas in the composite goods of sectors. Finally, I assume that the representative
household has full information rational expectations.?”

Therefore, the representative household’s problem is

Fyo pt
max E [log(C¢) — L] (7)
((Cikt) ek CeLe,Be)iZ 0 ,5_20 pllog

s.t. Zk:leklth,k,t + By < W:L; + (1 + it—l)Bt—l + Zk:njlk’t - T
]/ ]/

n-1
Cr = H Kfl Z Cj,lZ,t

je] keKj

where IE{r ] is the full information rational expectations operator at time ¢, L; is the labor
supply of the household, B; is their demand for nominal bonds, W; is the nominal wage,
iy is the net nominal interest rate, 1, ; denotes the profit of firm j, k at time f, and T is a

constant lump sum tax that is used by the government to finance a hiring subsidy for firms

9 A more general aggregator can be considered here - see, e.g., Rotemberg and Woodford (1992). I derive
the implied demand under a general form for this aggregator function in Appendix D. Another specific case
is the Kimball aggregator which I discuss in Appendix E.

20Since the main purpose of this paper is to study the effects of rational inattention under imperfect compe-
tition among firms, I assume that households are fully informed about prices and wages. This is a common
assumption in the literature — see e.g. Melosi (2016) — and simplifies the household side of the economy as a
natural first step in separating the implications of rational inattention for households versus firms.
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in order to eliminate any long-run inefficiencies of imperfect competition.
The CES aggregator within sector goods leads to the following demand function for the

product of firm j, k.
Cikt = QtD(Pijt; Pj—1t) 8)
P: -1
ot
D(Pjt; Pj k1) = ]—
ZZEK ],Zt

where Q; = P;C; is the nominal aggregate demand (P is the price of the aggregate consump-
tion bundle C;), P, is firm j, k’s price at ¢, and P;_y is the vector of other firms’ prices in
sector j. Furthermore, the household’s intertemporal Euler and labor supply equations are
given by:

Qt )
Qi1

The log-utility implies that the intertemporal Euler equation simply relates the level of

Wi=Q: 1=p(1+i)E]|

nominal interest rate to the expected inverse growth of the aggregate demand, and the linear

disutility of labor implies that nominal wage is proportional to the nominal demand.?!

4.1.2 Firms

Firms are rationally inattentive. At the beginning of each period t, they take their initial
information set as given and choose an arbitrary number of signals from a rich set of available
signals, ', subject to an information processing constraint.?? In contrast to the static model
where I assumed this capacity was exogenous, here I assume firms can produce this capacity
by hiring labor from the competitive labor market. The production function for this capacity
ikt ]kt is the labor demand of the
firm for producing information processing capacity and w~! captures the productivity of

is linear in labor and is given by «;; = w™ 1L, ., where L!
labor in producing it. After firms choose the joint distribution of their new signals with the
fundamental shocks, all new shocks and new signals are realized. Firms then form their
new information set by adding their new observed signals to their last period information
set and choose their prices based on that.

Since my main objective is to examine the real effects of monetary policy through en-

dogenous information acquisition of these firms, I abstract away from other sources of mon-

21The linear disutility in labor is a common assumption in the models of monetary non-neutrality (for in-
stance, see Golosov and Lucas Jr (2007)) which eliminates the source of across sector strategic complementarity
from the household side. I use this assumption to the same end in order to mainly focus on micro-founding
within sector strategic complementarities.

22Gee Appendix C for the formal specification of S'.
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etary non-neutrality, and in particular, assume that prices are perfectly flexible.?

After setting their prices every period, firms” demands are realized and they hire labor
from the competitive labor market to produce with a production function that has decreas-
ing returns in labor; Yj;; = (Lf k,t)ﬁ. Here, v = 0 corresponds to constant returns to scale
and positive 7y captures the degree of decreasing returns to scale in labor.

Formally, a strategy for firm j, k is to choose a capacity for processing information con-
ditional on their initial information set at any time, x;; = aJ—lL;./k/t : S]t.}l — R4, a set of
signals to observe, Sj; C S', and a pricing strategy that maps its information set to their
optimal actions, Py : S — R, where S¢ ik = {S],kT}T o is the firm’s information set at
time ¢. Firms then hire enough labor for their good production to satisfy demand.?* Given
a strategy for all the other firms in the economy, firm j, k’s problem is to maximize the net
present value of their lifetime profits given an initial information set that they inherit from
the previous period:

max (9)
{SjkiCShP; kt(St ), ]kt( ;,il)}tzo

B B0 (B~ (L= 3)W(O)" 7+ L) ISy
= N—— —— _

discount factor  revenue costs of goods and information production
s.t. ] kt = Q/D(P i t5 P —k, t) (demand)
Kikt =W~ L],k ; (information capacitiy production technology)

TSt (Qu, Pryn,c(S] m))(()l<";<t |S h< Kjk: (information processing constraint)

S]t-, S 1Us; ikt S;k given. (evolution of the information set)

where the information processing constraint requires that the amount of information
that a firm can add to its information set about the state of the economy at a given time is
bounded above by its produced capacity «; ;. Here, the function Z(., .) is Shannon’s mutual
information function, which measures the reduction in conditional entropy experienced by
the firm across two consecutive periods.” Moreover, §; denotes a constant hiring subsidy

to firms in sector j that eliminates the steady state inefficiencies from imperfect competition

ZThere is also a new growing literature that argues information rigidities are more consistent with certain
aspects of the pricing behavior of firms rather than Calvo pricing or menu cost models. For instance, see,
Stevens (2020); Khaw, Stevens and Woodford (2017).

24This is a ubiquitous assumption in the literature with sticky prices, which rules out temporary shutdowns
of production by firms due to negative profits induced by suboptimal prices. See e.g. Woodford (2003b);
Golosov and Lucas Jr (2007). Formally, this assumption requires that supply has to be equal to demand.

2See Appendix B.1 for the formal specification of Shannon’s mutual information function.

21



and implements the optimal level of output in that steady state.

4.1.3 Monetary Policy and General Equilibrium

I assume that the monetary policy is set in terms of the growth of nominal aggregate de-
mand. This is justified by the household’s intertemporal Euler equation as it establishes a di-
rect relationship between nominal rates and the expected growth in nominal demand and is
a standard approach for modeling monetary policy in models of monetary non-neutrality.?®
Following the literature, I particularly assume that this growth rate is an AR(1) process with

a persistence of p:

log(Q - ) = plog(Qtiz) + uy. (10)

Definition 4. A general equilibrium for the economy is an allocation for the household,

O = {(Cixt)jerkex, LT, Bi}iZo,

a strategy profile for firms given an initial set of signals

F_ t ‘ p d -1
O = {(Sjkt €S Piops Ljgops L1 Yik)izojepkek; ULS i Yepkeks
and a set of prices {i;, P, W;}{2 , such that

1. Households: given prices and QF, the household’s allocation solves their problem as

specified in Equation (7).

2. Firms: given prices and Q7, and the implied labor supply and output demand curves,

no firm has an incentive to deviate from QFf.

3. Monetary Policy: given prices, QOF and O, {Q; = P.C;}$2, satisfies the monetary
policy rule specified in Equation (10).

4. Markets clear:

Goods Markets: Cixt = Y].‘fk,t Vi€ keKk;,
Labor Markets : ) icj e K],(L]’?, it L;’,k,t) =L

26See, for instance, Mankiw and Reis (2002); Woodford (2003a); Golosov and Lucas Jr (2007); Nakamura and
Steinsson (2010).
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4.2 Sources of Strategic Complementarity

Strategic complementarities in pricing are at the core of this paper’s focus on understanding
how firms allocate their attention across aggregate variables and the prices of their competi-
tors. Therefore, a brief discussion of the sources of strategic complementarities in the model
is essential.

There are two sources of strategic complementarity in the model: (1) decreasing returns
to scale in labor (y > 0) and (2) sensitivity of optimal markups to relative prices. Comple-
mentarities due to decreasing returns to scale are not specific to oligopolistic environments
and are commonly used in monetary models. They exist because firms” marginal costs are
sensitive to their levels of production — which in turn depends on their relative prices. I
assume decreasing returns to scale mainly for calibration purposes.”’

However, the sensitivity of optimal markups to relative prices under CES demand is
only a source for strategic complementarity when firms are oligopolistic. Contrary to mod-
els of monopolistic competition where a constant elasticity of substitution across varieties
implies a constant markup for firms over their marginal costs, an oligopolistic environment
relates these markups to firms’ relative prices. This is because granularity of firms in an
oligopoly implies that any change in a firm’s price influences the distribution of demand
across their competitors. Accordingly, demand elasticities for firms within an oligopoly de-
pends on the relative prices of all those firms and is no longer a constant. A look at the best

response of a firm to a particular realization of P; _;; and Q; manifests this relationship:

_ 1
Pl = #(Pip Pkt) X (1=8)(1+7)Q; "D(Pfy 15 Py is)" (11)

~~

optimal markup marginal cost

where P]?"‘k,t is the implied optimal price given Q; and the vector of others prices P; ; and

the optimal markup has the familiar expression in terms of the elasticity of a firm’s demand,

_ 8D(p‘Jfk,frpj,fk,i.‘) _ aY kt ’
ﬂ(P;k,tsz,—k,t) = SD(P]'*k]t/P]' ~——7- Here, ep(Pigt P —kt) = aP f - Is firm j, k’s elasticity

of demand with respect to its own price. Following Atkeson and Burstem (2008), it is infor-

mative to write these elasticities in terms of a firm’s market share within its own sector:

ep (Pt Pi—kt) = 11— (11 — 1)mjpy (12)

. d
P ik th,k t

Mjkt = (13)

v
Liek; P,

An immediate observation is that the level of optimal markups increase in a firm’s market

27See Woodford (2003b) or Gali (2015) for discussions and applications of this channel in generating strategic
complementarities.
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share and converges to the monopolistic competition markup when this market share goes
to zero:

n 1T Mgy
n—1 q—ll—mj,k,t

V(P;:k,tzpj,—k,t) = (14)

Moreover, given the definition of market shares, one can derive the degree of strategic
complementarity for a given set of prices by differentiating the best response of the firm.
For the special case when there are constant returns to scale (y = 0) so that sensitivity of
markups is the only source of complementarity, this adopts a clear representation in terms

of the market shares:

APy s dQ; . L1k M 4Py 11/ Py dQ;
pr =0= "5, + A=y )mjg, - = (15)
ikt t —_—— Y1k Mt Q;
strategic complementarity ~~ ~

average price-change of others change in wage

An important observation is that strategic complementarity "‘le to =(1- nil)mjlk/t in-
creases in the firm’s own market share and decreases in the total market share of their competi-
tors. This might seem unintuitive at first glance: after all, why should a firm’s price be more
sensitive to the prices of their competitors when those competitors hold lower market share?
This becomes more puzzling in an extreme case when a single firm holds almost all the mar-
ket with its market share approaching 1. The expression above implies that such a firm has
the maximum strategic complementarity of 1 — 7~ 1. But how can that be? Shouldn’t a firm
that holds almost all the market simply disregard their competitors and act as a monopoly?

The answer relies on the structure of demand implied by CES preferences: these prefer-
ences are such that the marginal consumer shifts away a higher share of her demand with
respect to a one percent change in the prices of a firm’s competitors when that firm holds
higher market share. Thus, while a completely monopolistic firm enjoys the sheer lack
of competition, the mere existence of small competitors shatters the autonomy of a firm
in responding to their marginal costs, especially at higher levels of market share. There-
fore, while a monopolistic firm with CES demand would charge a constant markup over
its marginal cost, an almost monopolistic firm chooses to match the average price change of
their competitors with weight 1 — 1.

In the other extreme, when m;  ; becomes small, the expression above becomes arbitrar-
ily small and strategic complementarity disappears. This is not consistent with my findings
in the empirical section of the paper where firms with a large number of competitors, and

hence potentially lower market share, still report high levels of strategic complementarity.
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This suggests that the sensitivity of markups is not the sole determinant of complementari-
ties across firms and other forces might be at work. I capture this in the model by introduc-
ing decreasing returns to scale in labor, which is a standard approach in monetary models,
especially in the absence of oligopolistic competition.

Nonetheless, the intuition outlined for the case of v = 0 carries on to the case when
v > 0. With some tedious algebra in differentiating the best response of the firm with

decreasing returns to scale, we can obtain the expression for strategic complementarity as

>0 _ 4 -1y, 2R N B 14+
e = (1= >mf""f+<1 (1= )mf'k'*> <1 1+777(1—(1—77‘1)mj,k,t))2> 1o

This exposition of the strategic complementarity shows that at high levels of market
share, the strategic complementarity is mainly driven by the sensitivity of the markup and
gets closer to the strategic complementarity for the case of v = 0 as m;j;; — 1. However,

now when m; ; ; becomes small, strategic complementarity remains positive and converges

(1)

-
to Ty

as a firm’s market share goes to zero.

4.3 Solution Method and Incentives in Information Acquisition

An Approximate Problem. I use a second-order approximation to the firms” problem to
solve the model. The justification for this assumption stems from the issue that the prob-
lem of the firms, as stated in the previous section, has the joint distribution of prices and
fundamental shocks its state variable. This is a known dimensionality curse in decision-
making models of rational inattention that is exacerbated in the case of this model by the
game-theoretic nature of firms’ decisions as the solution requires solving for an additional
fixed point across best response distributions.

Second-order approximations are a common remedy to this problem in the literature.?®
It is a well-known property of rational inattention models that when payoffs are quadratic
and priors are Gaussian, optimal distributions are also Gaussian.”’ Since Gaussian distri-
butions are characterized by their first and second moments, this approximation reduces
the dimensionality of the problem to the squared dimension of the space from which the
Gaussian distribution is drawn.*’
I derive this second-order approximation around the full-information equilibrium of this

economy, which can be thought of as the case where information acquisition is free. Since

28See, e.g., Mackowiak and Wiederholt (2009, 2015); Paciello and Wiederholt (2014); Mackowiak et al. (2018).

2See, e.g. Sims (2003); Mac¢kowiak and Wiederholt (2009); Afrouzi and Yang (2019) for proofs of this result
in different environments.

30See Afrouzi and Yang (2019) for a detailed discussion.
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prices are flexible, classical dichotomy holds in the full-information economy and output is
independent of monetary policy shocks. Thus, the symmetric equilibrium of this economy
under full information is simply characterized by

P o Qi Vj € ]k € Kjjt >0 (17)

Given this approximation, in Appendix D, I derive the implied approximate problem of

the firm as
S 1
t t 2 —
max ~E |} B Bi(Pijt(Sip) = Pike)” + WKk ’5];;( (18)
{Kjk St Pkt (S ) Yo =0 @ N
loss from mispricing cost of capacity
st e = (1—aj)qe — ajpj—ii(Sj—kt) (19)

Lm)#(j k
yA (Sj,k,tr (e, Pl,m,r(sfm))(()gn?;(] )) < Kjjt

| _ 1.
Sj,k_sj,k US;ktr Sj,k given.

where small letters denote the log of their corresponding variables. Moreover, B; =
(= (1-1)K; 1)
T+
price.

is the curvature of firms’ profit functions in sector j around their optimal

Information Acquisition Incentives. This approximate problem brings out the trade-offs
that a firm faces in information acquisition. First, it formulates the profits of a firm as a
function of two negative terms. The first term is the firm’s losses from mispricing, which
captures the fact that under imperfect information, the firm might choose a price that is not
optimal under full information. This incorporates all the benefits of information acquisition:
more information allows the firm to choose a price that is closer to the optimum, on average.
The second term is the cost of producing information processing capacity, which increases
with more information acquisition. The cost-benefit analysis between these two determines,
tirst, the optimal capacity that the firm chooses for its information processing and, second,
the signals that provide the firm with the best possible information given that capacity.

An important observation is that there is heterogeneity in the relative importance of
losses from mispricing and the cost of producing information capacity. Firms with more
competitors have more concave profit functions, which motivates them to produce more
capacity, even though the cost of producing capacity is the same across all firms. This creates

a level effect in information acquisition that was absent in the static model where capacity
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was assumed to be constant. I will revisit this effect in more detail in Section 5.%!

Furthermore, the problem formulates the losses from mispricing in terms of a quadratic
distance from an “ideal” price (p]*f/k/t) that is a weighted average between the log of nom-
inal demand and the average price of the firm’s competitors. In the expression for this
ideal price, the magnitude of the weight on others” average price determines the strength
of strategic incentives in information acquisition and is given by the degree of strategic
complementarity, i.e. Equation (16), when market shares within the sector are symmetric
and equal to 1/K;. The symmetric market shares assumption simplifies the solution to the
model by allowing us to solve for the equilibrium among symmetric strategies. I discuss
this assumption further in Section 6.

Finally, in addition to the strategic incentives discussed in the static model, the evolu-
tion of the information set over time indicates that how firms’ information set becomes the
source of a new dynamic trade-off. At each period, firms understand that the signals they
choose to observe will not only inform them about their contemporaneous ideal price, but
also about its future values, as long as the process is autocorrelated.*” These dynamic in-
centives have two potential effects on information acquisition. (1) They affect the level of
capacity production as a function of the volatility and persistence of “ideal” prices: a more
patient firm that faces a persistent process assigns a larger continuation value to the knowl-
edge that contemporaneous signals generate about the future values of said process. (2) Dy-
namic incentives also affect the allocation of attention between monetary policy shocks and
others’ mistakes given their relative volatility and persistence: since mistakes are transitory
but monetary policy shocks affect the level of prices forever, a more patient firm allocates

more of its attention to monetary policy shocks.

Solving Firms’ Problem. Given a strategy profile for others, and the joint stochastic pro-
cess that it implies for the vector of prices and the nominal demand, the solution to the
problem of a firm is a joint stochastic process for the vector of prices of all firms in the econ-
omy along with the monetary policy shocks that solves the firm’s problem. The symmetric
equilibrium is then a strategy profile from which no one has an incentive to deviate.
Appendix G thoroughly discusses my approach for solving for this joint stochastic pro-
cess. Here,  mainly discuss the outline of the algorithm. I start by guessing a joint stochastic
process for the prices in every sector. Given that the firms’ problems within sectors are sym-

31There is evidence that supports this level effect. Coibion et al. (2018) document that firms with a higher
slope in their profit function around their optimal price have more accurate expectations about inflation.

32Gee, e.g., Steiner et al. (2017); Mackowiak et al. (2018); Miao et al. (2020); Afrouzi and Yang (2019) for
an extensive discussion of dynamic incentives of a rationally inattentive agent. Moreover, the exposition of
dynamic rational inattention problems varies across different applications. For the formulation that is closest
to this paper, see Afrouzi and Yang (2019).
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metric, I then derive the implied strategy for the competitors of a representative firm in that
sector given the initial guess. This strategy then implies a stochastic process for the “ideal”
price of the firm specified in Equation (19). In particular, strategic inattention implies that
this process depends on the history of monetary policy shocks as well as the history of non-
fundamental shocks (mistakes) in the prices of a firm’s competitors. The state-space of the
shocks that a firm desires to learn about is then given by:

t
pj—kt(Sj k) = Pi,—kt(Sj—kt)lg + V)t (20)
~ v ——
projection on realizations of all ;_;’s  orthogonal to all realizations of g;_+"s

This equation also highlights a major difference between this model and a model in which
there is a continuum of firms in which mistakes are orthogonal. In the latter, there is no
non-fundamental volatility and v; _; = 0. The presence of these non-fundamental shocks
motivates firms to learn about them and hence they need to be included in the state space
of the shocks that firms track, where both their volatility and auto-correlations are endoge-
nously determined.

Given the process for p]’-‘,k, ; and its state-space representation, the problem of the firm then
becomes a single agent dynamic rational inattention problem in a linear quadratic Gaussian
setup that I solve using the methods developed in Afrouzi and Yang (2019). The solution
to this problem characterizes the joint stochastic process of the firm'’s price with the prices
of its competitors and the monetary policy shocks, which constitutes the new guess for the
equilibrium joint stochastic process. The solution method in Appendix G outlines and uses

this algorithm to solve for the fixed point of this mapping among stochastic processes.

4.4 A Special Case with a Closed-Form Phillips Curve

In general, the equilibrium signal structure of firms does not admit a closed-form represen-
tation. However, we can go further in characterizing the representation of optimal signals
when firms are completely myopic in their information acquisition (8 = 0) which is useful

for intuition.

Proposition 3. Given a strategy profile for all other firms in the economy, every firm prefers to see
only one signal at any given time. Moreover, if B = O, the optimal signal of firm j, k at time t is

Sijt = (1 —a;)qe + “ij,—k,t(SJt',_k) tCjkt

The expression for the optimal signals in this case shows how firms incorporate the

mistakes of their competitors into their information sets. In particular, by plugging in the
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decomposition in Equation (20) we can re-write the optimal signal of the firm as

predictive of sector price changes

Sikt = (1= a))qe + a;pj ot (Sj, k) lg + 80—kt + €t

-~

predictive of g¢_+'s

This decomposition of the signal illustrates the main departure of this paper from models
that assume a measure of firms. Since var(v; ;) # 0, the signal of a firm covaries more
with the price changes of its competitors than with the fundamentals of the economy. When
there is a measure of firms, however, the term a;v; _ ; disappears and these two covariances
converge to one another. Intuitively, this implies that when «; is larger, firms in that sector
are more informed about their own sector prices than the fundamentals of the economy.
We can go further in our special case and derive a closed-form expression for the Phillips
curve of this economy for the case when there is no heterogeneity in the number of com-
petitors across sectors. These assumptions are only made for the illustration of the Phillips

curve and I will revert to the general case later in the calibrated model.

Proposition 4. Suppose p = 0 and K; = K,Vj € ] for some K € N. Then, aj = a,Vj € ] and
in the stationary equilibrium xjx; = x > 0,Vj € ],k € K. Moreover, the Phillips curve of this
economy is

ik ik
= (1—a)E)" [Age] + a]EQ_l[nj,_k,t] +(1—a)(2% - 1)y,

where IE]tf 1[Aqy] is the average expected growth of nominal demand at t — 1, which is the sum of

inflation and output growth, Aqy = 111 + Ay, lEif 117Tj, k1] is the average expectation across firms
of their competitors’ price changes, and y; is the output gap.

This Phillips curve crystallizes one of the main insights of this paper. In economies with
large micro-level strategic complementarities, it is the firms” average expectation of their
own competitors” price changes that drives aggregate inflation rather than their expecta-
tions of the growth in aggregate demand.

Moreover, Proposition 3 shows that with endogenous information acquisition, a larger
« also implies that firms learn more about the prices of their competitors relative to the
aggregate demand. Therefore, when « is large, not only is inflation driven more by firms’
expectations of their own competitors’ price changes but also firms” expectations are formed
under information structures that are more informative about those prices.

Additionally, the slope of the Phillips curve shows how these strategic complementar-
ities, as well as the capacity for processing information, affect monetary non-neutrality
in this economy. The higher capacity of processing information makes the Phillips curve

steeper, such that in the limit when x — oo (which arises endogenously when w — 0), the
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Phillips curve is vertical. In contrast, higher strategic complementarity makes the Phillips
curve flatter since firms’ higher-order beliefs become more important in their pricing deci-
sions (Woodford, 2003a).

4.5 Calibration

The model is calibrated to the firm-level survey data from New Zealand at quarterly fre-
quency, with a discount factor 8 = 0.96!/%. A calibration to the US data would be ideal;
however, one needs microdata on firms” expectations about inflation to calibrate the cost of
attention in the US as well as data on how many competitors firm directly face to calibrate
the distribution of the number of competitors, none of which are available for the US to my
knowledge. For all the other parameters, however, the calibrated values to New Zealand
data are also relatively in line with standard calibrations of these parameters to the US data.
I discuss these case by case in the remainder of this section. Table (4) presents a summary

of the calibrated values for all the parameters.

Table 4: Calibration Summary

Parameter  Description Value Moment Matched

I Distribution of K ~ K  Empirical distribution (Fig. 1)

i Elasticity of substitution 12 Elasticity of markups to 1/ (1 — Kfl)
1/(1+) Curvature of production 0.526 Average strategic complementarity
0 Persistence of Ag 0.7 Persistence of NGDP growth in NZ
Ty Std. Dev. of shock to Ag  0.027 Std. Dev. of NGDP growth in NZ

w Cost of attention 0.326 Weight on prior in inflation forecasts

Notes: the table reports the calibrated values of the parameters for the dynamic model.

Distribution of the number of firms within oligopolies. I match the distribution of K;
in the model, denoted by K, to the empirical distribution of the number of competitors that
firms report in the data (Figure 1). As far as I know, there is no data available on how many
competitors firms directly face in their market for the US.??

Elasticity of substitution. A usual approach in monopolistic competition models is to

choose 7 to match an average markup given by ’7'771 In the oligopolistic competition model,

3t is important to note that the value of K in this model corresponds to direct competitors of a firm that
are only a small subset of all the firms that operate in a single SIC classification. Market segmentation, such
as spatial constraints for consumers, make the number of firms within a SIC classification not suitable for
calibrating this model. For instance, a coffee shop in Manhattan only competes with a small number of coffee
shops that are geographically close to it, rather than all coffee shops in the US.
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however, markups depend on the number of competitors and in the steady state are given
by

1
(- DK

wi=1+ (1)

where K; is the number of competitors in j. The survey measures the average markup by

asking firms the following question:

“Considering your main product line or main line of services in the domestic market, by
what margin does your sales price exceed your operating costs (i.e., the cost material inputs plus
wage costs but not overheads and depreciation)? Please report your current margin as well as the
historical or average margin for the firm.”

Table 5: Calibration of 7

Average markup

(1) (2)
1/(1— K;l) 0.107 (0.016) 0.123 (0.017)
Manufacturing 0.040 (0.007)
Professional and Financial Services 0.169 (0.007)
Trade 0.027 (0.007)
Constant 1.205 (0.018) 1.106 (0.020)
Observations 3152 3152

Standard errors in parentheses
Notes: the table reports the result of regressing the average markups of firms on 1/(1 — Kj_l) The coefficient
on this statisticis 1/(y — 1) in the model.

The average markup reported by firms in the sample is 1.3 and varies from 1.1 to 1.6.
These values are in the plausible range of markups measured in the literature for the US.

Given this measure of markups, I run the analogous regression to Equation (21) and set

7 = 12 to match the coefficient on : }(,1 in the regression. Table (5) reports the result of this

regression. This value is well in line with the values used in the literature for the US.
Curvature of production function. Given the empirical distribution of the number of
firms, K, and the elasticity of substitution, 7 = 12, I set v = 0.9 to match the average
degree of strategic complementarity & = 0.8 from Table (1). Given this value, the elasticity
of output to labor in the model is 0.52. This is consistent with calibrations of this parameter
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for the U.S. if we were to calibrate it to the labor share of income in the U.S. data (see e.g.
Bilal et al., 2019, where the targeted value for the U.S. is 0.518).34

Persistence and variance of shocks to nominal demand. I calibrate p = 0.7 to match the
persistence of the growth of nominal GDP in New Zealand for post 1991 data.>® Calibrated
values for the US are slightly below this value and are in the range of 0.6 (Midrigan, 2011).
However, the model is not very sensitive to this parameter in this range. For robustness, I
present results for an alternative value of p in Section 6.

Given the quarterly persistence, I then set ¢;, = 0.027 to match the unconditional vari-
ance of quarterly nominal GDP growth.>® Nonetheless, since monetary policy shocks are
the only shocks in the model, the standard deviation of all variables — including endoge-
nous non-fundamental shocks — are scaled by the standard deviation of the innovations to
nominal demand. Accordingly, in my counterfactual comparisons I will mainly focus on
numbers relative to a benchmark so that the reported relative numbers are independent of
this scale.’”

Cost of information acquisition. My strategy here is to target the weight that firms put
on their priors in their inflation forecasts, which is an indicator of the degree of informa-
tion rigidity and is similar to the approach in Wiederholt (2015). In particular, the survey
follows a subset of firms across different waves and asks them about their yearly inflation
forecasts (inflation 12 months ahead) and yearly inflation nowcasts (inflation in the previ-
ous 12 months). These horizons collapse for the first and the fourth waves of the survey
that were conducted 12 months apart from one another (2013:Q4 to 2014:Q4). Thus, for the
subset of firms that are present in both of these surveys, we observe their ex-ante and ex-
post beliefs about inflation in that year. Kalman filtering implies that for firm i this revision
should be given by

E; () = Ejp—almme] + Ai(si — Eip—alsiy]) (22)

34 Although we have not explicitly modeled capital, one could think of the production function of firms as
one with constant returns to scale in capital and labor, where capital is exogenously fixed.

%This coefficient is obtained by regressing the annual log-growth of nominal GDP in New Zealand on
one lag where I obtain a yearly persistence of 0.25. I then convert this to the quarterly persistence through
p = 0.25!/4 T restrict the time series to post 1991 data to be consistent with New Zealand’s shift in monetary
policy towards inflation targeting in that time frame.

%L which is 0.0014 in the data.

%This is due to potential concerns in matching the unconditional volatility. Calibrating the standard devi-
ation needs to be done on the part of nominal demand that is driven by monetary policy shocks. In the US
one can calibrate this variance by projecting nominal demand on known monetary policy shock series, such
as Romer and Romer (2004) shocks, and fitting an AR(1) to the predicted series (See, for instance, Midrigan
(2011)). For the case of New Zealand, however, this becomes a complication since, as far as I know, there is no
unanimously agreed upon series for monetary shocks.

36The unconditional variance is given by
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where t is in quarters, A; is the Kalman gain of the firm and s;; is the signal(s) that the firm
has observed within the year. The smaller the A; the more weight firms put on their priors
and information rigidity is larger. Hence, under full information, when A; = 1, all firms
should report the realized inflation and their priors should be irrelevant to their ex post
nowcasts.

I follow the methodology of Coibion and Gorodnichenko (2015) to measure the degree
of information rigidity in forecasts of aggregate inflation from the data. This methodology
builds on the assumption that s; ; = 71; + noise and reduces the above updating equation to:

E;¢[mi] = (1 — A)E; p—a[rte] + Aj 71 + error (23)

Given this Equation, one can estimate the weight that firms put on their priors and back
out the Kalman gain. However, note that the assumption s; ; = 71; + noise is incorrect based
on the model since signals are endogenous in the model. If the model is the true data
generating process, the identified coefficient on the prior is no longer the true A; but covaries
with it — no matter what the true signals are, it is still the case that the prior should be less
important when signals are more informative.

Since we do not observe the true signals of the firms in the data, we cannot control for the
true signals; however, one can run the same misspecified regression within data generated
by the model under different values of w and choose the value that generates the same
coefficient as in the data. In particular, I run the following regression:

E; ¢[7tt] = constant + 0, ;_4[m¢| + error (24)

where § is the coefficient of interest. Since the regression exploits cross-sectional variation,
rather than time-series variation as in Coibion and Gorodnichenko (2015), the current value
of inflation is absorbed by the constant. Column (1) in Table (6) reports the baseline esti-
mates for this specification. One caveat with this estimate is that there might be inherent
heterogeneity among firms in perceiving different long-run inflation rates (Patton and Tim-
mermann, 2010) which might get picked up by their ex-ante forecasts. A question in the
survey asks firms about this target and Column (2) controls for this value.?®

To find the value for w that generates the same coefficient in the model, I simulate the

3The exact question is “What annual percentage rate of change in overall prices do you think the Reserve
Bank of New Zealand is trying to achieve?” While this does not necessarily have to comply with firms’ beliefs
about long-run inflation, a follow-up question verifies that they do. When asked “Do you believe the Reserve
Bank of New Zealand can achieve its target?” the overwhelming majority of firms (more than 90 percent)
respond yes. See Kumar et al. (2015) for a detailed discussion.
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model for a range of values of w. Figure (3) shows that w is identified as this regression
coefficient is sensitive to the cost of attention and increases in w within the model. The fact
that this coefficient increase with w suggests that a high weight on the prior is associated
with a larger cost of attention. I choose w = 0.326 to match the coefficient in Column (2) of
Table (6) which yields a more conservative calibration relative to the coefficient in Column
(1) — a value of w matched to Column (1) would imply a larger cost of attention and a larger

degree of monetary non-neutrality.

Table 6: Calibration of Cost of Attention (w)

= 0.1

= Inflation Nowcast

2 008 (1) 2)

qu : inflation forecast 0.163 0.052

= (0.011)  (0.008)

g 0

= perceived target 0.674

2 005} (0.020)

&

s Constant 3.107 0.734

- 0'1 o'2 0'3 0'4 0‘5 (0.102) (0.081)
' ' ' ' ' Observations 1257 1257

Cost of Attention (w
() Standard errors in parentheses

Notes: the table reports the result of regressing firms’
Figure 3: Sensitivity of § to Cost of Attention (w) nowcast of yearly inflation on their forecast for the
Notes: the black line shows the predicted value of Same horizon from a year before. The coefficient on
§ from the regression specified in Equation (24) in the lagged forecast captures the weight that firms
model generated data as a function of w. The blue dot Put on their priors and increases with the degree of

shows the equivalent estimate in the New Zealand information rigidity. Column (1) reports the result
data from Table 6. with no controls. Column (2) controls for the firm’s

expectation of long-run inflation and gives a more
conservative estimate.

To assess how this value for w compares to other estimates of the degree of information
rigidity in the literature, one can compare the implied Kalman gain from Equation (22) with
the values that have been documented in the literature for professional forecasters. The
average firm in this model has a Kalman gain of 0.51 which is above the estimated value
for Professional Forecasters in the US by Coibion and Gorodnichenko (2015), who find an
average Kalman gain of 0.45. Hence, the model implies that firms are more informed about
their optimal prices than professional forecasters are of aggregate inflation. Nonetheless, firms
exhibit large degrees of information rigidity in their inflation forecasts because inflation
does not matter much for their decisions and their optimal signals are not as informative of

inflation as they are of firms” optimal prices.
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5 Results

5.1 Non-Targeted Moments: Subjective Uncertainty in the Model

The most crucial set of moments in the model that are not targeted in the calibration are
given by the relationship between the subjective uncertainty of firms about aggregate infla-
tion and the number of their competitors. As documented in the previous section, firms’
uncertainty in the data is decreasing with the number of their competitors (Table 3). This
relationship is not consistent with the benchmark models and is a unique property of this
model that arises due to the interaction between rational inattention and oligopolistic com-

petition in an environment that incorporates the heterogeneity in competition at the micro-

level.
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Figure 4: Subjective uncertainty about inflation: Model vs. Data.
Notes: the figure presents the fit of the model for the relationship between firms’ (log) subjective uncertainty
about inflation and the number of their competitors. The dots shows the binned scatter plot of log-subjective
uncertainty about aggregate inflation against the number of competitors in the data. The black line depicts
this relationship in the calibrated model. The average uncertainty is normalized to one in both the data and
the model. This relationship was not targeted in the calibration of the model.

Figure (4) shows this relationship both in the model and the data (binned scatter plot).39
The main observation is that the model matches the decline of the subjective uncertainty as
a function of the number of competitors pretty well. It is important to note that heterogene-

ity in the number of competitors and endogenous information acquisition is key for this

%1 have normalized average uncertainty both in the data and in the model to 1.
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relationship in the model: the former creates the differential incentives for information ac-
quisition and the latter is essential for the endogenous variation in information acquisition.

Figure (5) shows the equilibrium level of firms” information acquisition and their im-
plied Kalman gains as a function of the number of firms” competitors. More competitive
firms (1) produce a higher capacity for processing information and (2) allocate more ca-
pacity towards aggregate shocks. As a result, more competitive firms have more accurate

posteriors about aggregate variables, e.g. inflation.
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Figure 5: Information Capacity and Kalman Gains for Different Values of K.
Notes: the left panel shows the produced information processing capacity of a firm as a function of the number
of competitors within its sector. The right panel shows the model implied true Kalman gains of firms (weight
put on the most recent signal by firms) as a function of the number of competitors within a sector. Firms with
more competitors acquire more information and have larger Kalman gains. The blue dotted line shows the
average Kalman gain of firms weighted by the distribution of the number of competitors in the data.

5.2 Implications for Monetary Non-Neutrality

The main driving force of my analysis so far has been the effect of a firm’s number of com-
petitors on their information acquisition incentives. In this section, I further this analysis
by investigating how competition affects monetary non-neutrality and the propagation of
monetary policy shocks to inflation and output. To do so, I will present two measures across
different models.

(1) My first measure, following Nakamura and Steinsson (2010), is the variance of output
and inflation to assess the degree of monetary non-neutrality. Since monetary policy shocks
are the only shocks in my model, the natural level of output in the model is constant and

thus any variation in output corresponds to a higher degree of monetary non-neutrality.
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Similarly, a lower variance of inflation corresponds to a more muted response of inflation to
monetary shocks. (2) My second measure is the cumulative half-life of output and inflation
responses (time until the area under the impulse response reaches half of its full cumulative
response) to monetary shocks to assess the persistence of the effect of monetary policy on
these two variables.*’ The results of these comparisons are discussed in the remainder of
this section and summarized in Tables (7) and (8).

Table 7: Output and Monetary Non-Neutrality Across Models

Variance Persistence
Model var(Y) *1°  amp. factor  half-life 15 amp. factor

(1) (2) (3) (4)
Monopolistic Competition 1.53 1.00 3.38 1.00
Benchmark K~K 2.00 1.30 3.93 116
2-Competitors K =2 271 1.77 4.39 1.30
4-Competitors K =4 2.10 1.37 4.00 1.18
8-Competitors K =38 1.91 1.24 3.86 1.14
16-Competitors K = 16 1.83 1.19 3.79 1.12
32-Competitors K = 32 1.79 1.17 3.77 1.12
co-Competitors K — oo 1.76 1.15 3.74 1.11

Notes: the table presents statistics for monetary non-neutrality across models with different number of com-
petitors at the micro-level. Var(Y) denotes the variance of output multiplied by 103. Half-life denotes the
length of the time that it takes for output to live half of its cumulative response in quarters. Amp. factor de-
notes the factor by which the relevant statistic is larger in the corresponding model relative to the model with
monopolistic competition.

5.2.1 Comparison with the Monopolistic Competition Model

First, I compare the benchmark calibrated model to a model with monopolistic competi-
tion that has the same average degree of strategic complementarity in pricing. Equating
the degree of strategic complementarity in pricing across the two models constitutes the
right comparison in the sense that if I were to shut down strategic inattention in the bench-
mark model, the two models would yield the same impulse response functions. More-
over, it is also a desirable comparison since we know from a long line of previous papers
that higher real rigidities (generated by strategic complementarity here) amplifies mone-
tary non-neutrality (Ball and Romer, 1990) (in Section 5.3 below, we offer a more thorough

40Usually, half-lives are measured as the time until a variable reaches half of its impact response. However,
when responses are hump-shaped, as in this model, this can be misleading. To bypass this issue, I report the
cumulative half-life.
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Table 8: Inflation Across Models

Variance Persistence
Model var(mr) *  damp. factor  half-life 1 amp. factor

(1) (2) (3) (4)
Monopolistic Competition 9.27 1.00 3.94 1.00
Benchmark K~K 8.73 0.94 4.34 1.10
2-Competitors K =2 8.05 0.87 4.62 1.17
4-Competitors K =4 8.62 0.93 4.38 1.11
8-Competitors K =8 8.84 0.95 4.30 1.09
16-Competitors K = 16 8.94 0.96 4.26 1.08
32-Competitors K = 32 8.98 0.97 4.25 1.08
co-Competitors K — oo 9.03 0.97 4.23 1.07

Notes: the table presents statistics for inflation response across models with different number of competitors
at the micro-level. Var(7r) denotes the variance of inflation multiplied by 10*. Half-life denotes the length of
the time that it takes for inflation to live half of its cumulative response in quarters. Damp. factor (amp. factor)
denotes the the factor by which the relevant statistic is smaller (larger) in the corresponding model relative to
the model with monopolistic competition.

discussion on, and decomposition of, the confounding effect of strategic complementari-
ties). The impulse response functions of output and inflation across these two models are
presented in Figure (6).

The first two rows of Table (7) report how the behavior of output is different across these
two models. Column (1) reports the variance of output across the two models.*! Column
(2) reports the magnitude of amplification by normalizing the variance of output in the
monopolistic competition to 1. Output is 30% more volatile under the benchmark model
with strategic inattention. Column (3) reports the half-life of output response across the
two models. While it takes 3.38 quarters for output to reach its half-life in the monopolistic
competition model, this duration is 3.93 quarters in the benchmark model — a 16% increase
as reported in Column (4).

The first two rows of Table (8) report how the behavior of inflation is different across
these models. Inflation response is smaller and more persistent in the model with strate-
gic inattention. Columns (1) and (2) show that inflation is 6% less volatile compared to
the model with monopolistic competition. Furthermore, Column (3) shows that while it
takes inflation 3.94 quarters to reach its cumulative half-life in the monopolistic competition
model, this number is 4.34 quarters in the benchmark model —a 10% increase as reported in
Column (4).

“IMagnitudes are small since the variance of innovations to nominal GDP growth is small. The same is true
for the US (Nakamura and Steinsson, 2010).
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5.2.2 Counterfactual Distributions for Number of Competitors

So far I have presented results for a particular distribution of competition that is matched
to the data in New Zealand, which was necessary for the calibration of the cost of atten-
tion. However, since the benchmark model targets this particular distribution, it masks the
variation of monetary non-neutrality that comes from different degrees of granularity in
the model. For this reason, I consider a second set of comparisons across homogeneous
economies where every sector at the micro-level has K € {2,3,4, ...} competitors. All other
parameters are kept the same as in the benchmark model.

The results for output are listed in Table (7) and amplification factors are reported rela-
tive to the model with monopolistic competition. Monetary non-neutrality is larger and out-
put response is more persistent in economies where the number of competitors is smaller.
The duopoly model has the highest monetary non-neutrality, with an output volatility that
is 77% larger than the monopolistic competition model, and a cumulative half-life that is a

quarter longer.
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Figure 6: IRFs to a 1% Expansionary Shock
Notes: the figure shows the impulse response functions of output and inflation to a one percent expansionary
shock to the growth of nominal demand in three models. The black lines are impulse responses in the bench-
mark model where the distribution of the number of competitors in the model is calibrated to the empirical
distribution in the data (Figure 1). The dashed lines show the impulse responses in the model with monop-
olistic competition in all sectors. The dash-dotted lines show the impulse responses in the model where all

sectors are composed of duopolies.
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Table (8) reports the results for inflation. The smaller the number of competitors, the more
muted is the response of inflation and the longer is its half-life. In the case of a duopoly
within all sectors, the variance of inflation is 13% smaller than the model with monopolistic
competition, and its half-life is 2 months (0.68 quarters) longer.

Figure (6) shows the impulse responses of output and inflation to a 1 percent unantici-
pated increase in the nominal aggregate demand for the benchmark model, the model with
monopolistic competition and the economy where all sectors are duopolies. One important
observation here is that the impulse responses of the model with K — co and monopolistic
competition model are different, even though the two economies have an infinite number
of competitors in each sector. The reason behind this is that the strategic complementarity
in pricing (degree of real rigidity) depends on the number of competitors and is different
across different levels of K. In particular, strategic complementarity is larger in more com-
petitive economies and works in the opposite direction of strategic inattention. The next
section explores these two effects in detail and aims at decomposing their contributions to

monetary non-neutrality.

5.3 Decomposition: Strategic Inattention vs. Real Rigidities

Since the number of competitors affects both the degree of strategic complementarity and
the amount of capacity produced by firms, the change in the degree of monetary non-
neutrality across models with different numbers of competitors — as reported in the pre-
vious section — is the sum of two separate forces: (1) the real rigidity channel that alters
monetary non-neutrality through changing the degree of strategic complementarity, and
(2) the strategic inattention that alters the degree of non-neutrality through the amount of
capacity produced and its allocation by firms.

Moreover, it is important to note that in the calibrated model, these two forces work in
opposite directions: as discussed in Section 5.1 and shown in Figure (5), firms with a larger
number of competitors produce higher capacity and allocate a larger amount of attention
to learning about aggregates. Since firms with a larger allocated capacity towards aggre-
gates learn monetary shocks more precisely and sooner, their prices move more swiftly in
response to these shocks, and their output response is dampened as a result. Hence, mone-

tary non-neutrality decreases with competition through the strategic inattention channel.

On the other hand, the degree of strategic complementarity increases with the number
of competitors in the calibrated model, which follows from the expression of strategic com-
plementarity in Equation (16). Figure (7) shows the degree of strategic complementarity in

the calibrated model for different numbers of competitors.
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Figure 7: Strategic complementarity as a function of K.
Notes: the figure shows the relationship between the number of competitors within a sector and the degree of
strategic complementarity in pricing. Firms with a larger number of competitors have higher degree of strate-
gic complementarity. The dash-dotted line shows the average degree of strategic complementarity weighted
by the empirical distribution of number of competitors in the New Zealand data.

Therefore, fixing the capacity of processing information, a larger number of competitors
increases monetary non-neutrality in this model due to real rigidities by putting a larger
weight on firms” higher-order beliefs (This is well-established in the literature of models
with information rigidities. see, e.g. Woodford, 2003a; Nimark, 2008; Mackowiak et al.,
2018). To verify this mechanism within the model, Figure (8) shows the IRFs of firms’
higher-order beliefs to a one percent increase in nominal demand for three different values
of K. For any given K, the responses of higher-order beliefs are smaller and more persistent.
Therefore, when real rigidities are higher, firms put a larger weight on their higher-order
beliefs and their average response also becomes smaller and more persistent, which ampli-
fies monetary non-neutrality. Thus, monetary non-neutrality increases with the number of

competitors through the real rigidity channel.

To decompose the effects of these two opposing forces, let us define a(K) to be the de-
gree of strategic complementarity in a model where all sectors have K competitors and all
the other parameters are fixed at their calibrated values. Moreover, let 0’]3(0((1(), K) denote
the variance of output in the model where every sector has K competitors. The first ar-
gument captures the effect of the number of competitors on the weight that higher-order
beliefs receive in the model (the real rigidity channel) and the second argument captures
the effect of the number of competitors on the attention allocation of firms (strategic inat-

tention channel). Then, we can decompose the difference in monetary non-neutrality of the
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Figure 8: IRFs of Higher-Order Beliefs to a 1% Expansionary Shock
Notes: the figure shows the IRFs of firms” higher-order beliefs to a one percent expansionary shock to the
growth of nominal demand across three different models. For any given order (1), firms’ n order beliefs in
economies with larger number of competitors are more responsive to the shock. This is driven by the fact that

firms in more competitive economies acquire more information about the aggregate shock.

two extreme models (K = 2 versus K — o0) as

. oy (2(2),2) . oy (2(2),2) . oy («(2),K)
Am log (ﬁy(zx(K),K)) = fim log <Ug(zx(2),1<)> + Jm log <a§(a(1<),1<)> 5)

total percentage change due to percentage change due to
percentage change strategic inattention real rigidities

Column (1) of Table (9) shows the results of this decomposition. Output variance is 43.3
percent larger with K = 2 relative to K — oo (percentage difference here is calculated as the
log-difference from Table (7)). Once decomposed to its two contributing factors, decreas-
ing the number of competitors from K — oo to K = 2 increases monetary non-neutrality
by 85.6 percentage points due to the strategic inattention channel and decreases it by 42.3
percentage points through the real rigidity channel.

A similar decomposition can be done for inflation, whose variance is 11.5 percent smaller
in the model with K = 2 relative to the model with K — co. Column (2) of Table (9) shows
that decreasing the number of competitors from K — oo to K = 2 decreases the variance of
inflation by 19.5 percentage points through the strategic inattention channel and increases
it by 8 percentage points through the real rigidity channel.
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Table 9: Decomposition: Strategic Inattention vs. Real Rigidities

Percentage change in variance of

output inflation
(1) (2)
Total Change (percent) +43.3 -11.5
Due to Str. Inattention (ppt) +85.6 -19.5
Due to Real Rigidities (ppt) -42.3 +8.0

Notes: the table shows the decomposition of the effects of two opposing forces for the change in volatility
of output (monetary non-neutrality) and inflation in the model with K — oo versus the model with K = 2.
Firms with higher number of competitors acquire more information about aggregate shocks, which decreases
monetary non-neutrality and increases the volatility of inflation (strategic inattention channel). On the other
hand, firms with larger number of competitors have larger degrees of strategic complementarity in pricing,
which increases monetary non-neutrality and decreases volatility of inflation (real rigidity channel). For cal-
ibrated values of the parameters of the model, the strategic inattention channel dominates and monetary
non-neutrality is 43.3% larger in the model with K = 2 than the model with K — oo.

6 Robustness and Alternative Assumptions

6.1 Lower persistence of nominal demand growth

In the calibration section, I argued that many of the parameter values that are calibrated
to the New Zealand data are also consistent with the calibrations of those parameters for
the US. One exception was the persistence of the nominal demand growth. While the value
for this parameter is around 0.7 in New Zealand, its value in the US is around 0.5 to 0.6
(Nakamura and Steinsson, 2010; Midrigan, 2011; Mongey, 2018). To compare the results
for this case, I redo the analysis for monetary non-neutrality for the case when p = 0.5.
Figure (A.la) in Appendix A shows the impulse response functions of inflation and output
to a one percent expansion in the nominal aggregate demand under this assumption for
the benchmark model, the model with 2 competitors in every sector and the monopolistic
competition model. Moreover, Table (A.1a) in Appendix A reports the statistics for the
volatility and persistence of output and inflation in this case.

The main takeaway is that while the amplification factors are slightly smaller than the
case for p = 0.7, the results are fairly robust. For instance, output is 72% percent more
volatile under the duopoly model relative to the model with monopolistic competition,

which is only 5 percentage points smaller than the analogous number with p = 0.7.
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6.2 Alternative discount factor

One of the main mechanisms in attention allocation within the model is the dynamic in-
formation acquisition of firms. Forward-looking firms internalize the continuation value
of learning about different shocks and incorporate those incentives in their information ac-
quisition. An important force here is that these dynamic incentives shift firms” attention to-
wards more persistent processes because shocks to these processes are longer-lived (Afrouzi
and Yang, 2019).

In the model, this mechanism dampens monetary non-neutrality. The reason is that
monetary policy shocks are more persistent — due to the unit root in nominal demand — than
the endogenous mistakes of firms, which are transitory because mistakes cannot persist
forever. Thus, more forward-looking firms allocate more attention to the monetary policy
shocks, which attenuates strategic inattention and reduces monetary non-neutrality.

Since I have calibrated the discount factor to a common value of 0.96%%, which is very
close to 1, the dynamic incentives are very strong. However, information is an intangible
and, potentially, a non-tradable form of capital and the discount factor associated with this
form of capital does not have to comply with the discount factor of households. As an
alternative approach, I calibrate f and w jointly by targeting the same moment in the data
(the persistence of forecast errors as in the benchmark calibration) and redo the results for
monetary non-neutrality. This joint calibration yields a value of 0.6 for  and a value of
0.217 for w. An important observation is that the calibrated value for the cost of inattention,
in this case, is smaller than the value in the benchmark calibration (0.217 versus 0.326) which
means that firms face lower costs in acquiring information in this alternative calibration.

Figure (A.1b) in Appendix A shows the impulse responses of output and inflation to a
one percent expansion in nominal aggregate demand for the benchmark model, the model
with 2 competitors in every sector and the model with monopolistic competition. Moreover,
Table (A.1b) in Appendix A reports the statistics for the volatility and persistence of output
and inflation in this case.

The main takeaway is that even though the cost of attention is smaller in this calibra-
tion relative to the benchmark, monetary non-neutrality is larger. For instance, under this
alternative calibration output volatility is 112% larger in the model with 2 competitors in ev-
ery sector relative to the model with monopolistic competition, an amplification factor that
is 35 percentage points larger than the analogous factor under the benchmark calibration
(77%). The intuition behind this result is that in spite of the lower cost of attention, firms
are myopic in information acquisition: they produce lower capacity than the benchmark
calibration to begin with, and given that capacity, they allocate a higher share of that to
the mistakes of their competitors since they are relatively more ignorant of the continuation
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value of information.

6.3 Heterogeneity within sector market shares

In deriving the approximate problem in Section 4.3, I took a second-order approximation
to the firms’ problem around a symmetric steady state, in which all firms within the same
sector had the same market share. This approximation makes solving the problem feasible
by making problems of all firms within one sector symmetric. However, it ignores potential
heterogeneity in market shares.

In particular, one important question is how does heterogeneity in market shares affect
strategic inattention? For instance, consider a duopoly in which one firm holds almost all
the market share where its rival has almost zero market share. Is it the case that the large
firm ignores the mistakes of the small firm and allocates all of its attention to the aggregates?
The short answer to this question is no. In fact, the opposite is true and the large firm pays
more attention to the mistakes of the small firm, and the small firm pays almost full attention
to the aggregates.

The reasoning behind this argument is that a large firm’s optimal price with CES de-
mand is more sensitive to the prices of its competitors at higher levels of market share,
an evident observation from the expression of strategic complementarity in Equation (15).
Therefore, firms with larger market shares face higher strategic complementarities and are
more affected by the mistakes of smaller firms in their sector.

Furthermore, it is important to recognize the discontinuity that this implies for an oligopoly
with a firm holding almost total market share and a monopoly: in an oligopoly where a sin-
gle firm holds an arbitrarily large portion of the market, the mere existence of small rivals
— who are ready to steal the market share of the larger firm if an opportunity presents it-
self — motivates the larger firm to pay a lot of attention to the beliefs of these rivals. This
is different than the case of a monopoly where the firm does not have to worry about any
off-equilibrium threat of small firms stealing its market share. A monopoly with a con-
stant elasticity of demand always pays one hundred percent of its attention to shocks to its
marginal cost.

While solving the quantitative model without the symmetric market share approxima-
tion is not feasible, we can investigate how the heterogeneity in market shares would matter
by at least deriving the second order approximation in a simple model with heterogeneous
market shares. Appendix H discusses a simple case with CES preferences and shows that,
up to a second-order approximation, the strategic complementarity of any given firm is
their market share in the steady state. Therefore, firms with higher market shares have higher
strategic complementarities, and thus higher incentives to track others’ mistakes rather than
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the aggregate shocks.

Therefore, we expect the symmetric market share approximation to be a conservative
estimate of the effect of oligopolistic competition on monetary non-neutrality. In non-
symmetric cases, larger firms, who contribute more to the output of the economy, will pay
less attention to monetary policy shocks and output is expected to be more volatile.

7 Concluding Remarks

In this paper, I develop a new quantitative model to address the link between oligopolistic
competition and information acquisition. I find that the interaction of these two frictions
creates an endogenous correlation between the accuracy of firms’ beliefs and the number
of their competitors. Oligopolistic firms find it optimal to pay direct attention to the beliefs
of their competitors, an incentive that is stronger when the number of those competitors is
smaller.

Moreover, I show that these endogenous strategic incentives in information acquisition
have significant implications for the propagation of monetary policy shocks to output and
inflation. In tracking their competitors’ beliefs, firms ignore aggregate shocks and as a result
respond to these shocks more slowly and sluggishly. Calibrating the model to firms-level
survey data, I find that these strategic incentives increase monetary non-neutrality by up to
77% and increase the half-life of output to a monetary shock by 30%.

The results of this paper also provide valuable insights for policy. The link between
competition and monetary non-neutrality suggests that the recently documented trends in
competition (De Loecker et al., 2020; Autor et al., 2017) are also changing the landscape of
monetary policy by affecting the propagation of these shocks to real and nominal variables.

Furthermore, the results in this paper have implications for policies that target expecta-
tions. In particular they provide a new perspective on why managing inflation expectations
might be less effective than what a model with monopolistic competition would suggest.
Managers of oligopolistic firms do not directly care about aggregate inflation and are mainly
concerned with how their competitors change their prices in the face of a shock. As a result,
they are more informed about their optimal prices than what their expectations of aggregate
inflation would suggest.

The fact that aggregate inflation is not the primary concern of these firms implies that
unanchored inflation expectations are not necessarily a problem for monetary policy. After
all, the main objective of inflation targeting is to stabilize inflation, and a byproduct of such
policies is that inflation will no longer be a concern for firms. Therefore, the fact that firms

do not have to track it closely when it is low and stable is in itself a success for monetary
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policy. However, this implies that managing expectations of aggregate inflation is neither
an effective tool for controlling inflation nor necessarily a powerful instrument for policies
such as forward guidance. These expectations are relatively unimportant for firms and do
not have much impact on their pricing decisions.

Nevertheless, this result does not necessarily rule out policies that target expectations,
but rather provides a new view on how those policies should be framed and which expec-
tations they should target. An important takeaway from this paper is that for such a policy
to be successful, it has to communicate the course of monetary policy to price-setters not
in terms of how it will steer the overall prices but in terms of how it will affect their own
industry prices. In other words, framing policy in terms of the aggregate variables will not
gain as much attention and response from firms as it would if the news about the policy
were to reach firms in terms of how their competitors would be affected. How policy can

achieve these ends remains a question that deserves more investigation.
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A Additional Figures and Tables

Figure A.1: Robustness — Overall Effects of Oligopolistic Competition
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(a) Alternative persistence for the growth of nominal aggregate demand (o = 0.5)
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(b) Alternative discount rate for information (8 = 0.6)

Notes: the figure shows the impulse response functions of output and inflation to a one percent expansionary
shock to the growth of nominal demand in three models with alternative calibration of p = 0.5. The black
lines are impulse responses in the benchmark model where the distribution of the number of competitors in
the model is calibrated to the empirical distribution in the data (Figure 1). The dashed lines show the impulse
responses in the model with monopolistic competition in all sectors. The dash-dotted lines show the impulse

responses in the model where all sectors are composed of duopolies.
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B Proofs for the Static Model

This section formalizes the static game in Section 2. The Appendix is organized as follows. I
start by specifying the Shannon mutual information function in Subsection B.1. Subsection
B.2 defines the concept of richness for a set of available information, and characterizes such a
set. The main idea behind having a rich set of available information is to endow firms with
the freedom of choosing their ideal signals given their capacity. Following this, Subsection
B.3 proves the optimality of linear pricing strategies given Gaussian signals, and Subsection
B.4 proves that when the set of available signals is rich all firms prefer to see a single signal.
Subsection B.5 shows that any equilibrium has an equivalent in terms of the joint distribu-
tion it implies for prices among the strategies in which all firms observe a single signal, and
derives the conditions that such signals should satisfy. Subsection B.6 shows that the equi-
librium is unique given this equivalence relationship. Subsection B.7 derives an intuitive
reinterpretation of a firm’s attention problem that is discussed in Section 2. Subsection B.8
contains the proofs of propositions and corollaries for the static model.

B.1 Shannon’s Mutual Information

In information theory a mutual information function is a function that measures the amount
of information that two random variables reveal about one another. In this paper follow-
ing the rational inattention literature, I use Shannon’s mutual information function for the
attention constraint of the firms, which is defined as the reduction in entropy that the firm
experiences given its signal.*? In case of Gaussian variables, this function takes a simple
Lx XY

Yyx Xy

tween X and Y is given by Z(X;Y) = 3 log,( det(2x)

det(Zle)
is the variance of X conditional on Y. Intuitively, the mutual information is bigger if the Y

and intuitive form. Let (X,Y) ~ N (y, ). Then, the mutual information be-

), where Zxy = Zx — Zx,y2§1ZY,X

reveals more information about X, leading to a smaller det(Zyy). In the other extreme case
where X L Y, then Zyy = Ex and 7 (X;Y) = 0, meaning that if X is independent of Y,
then observing Y does not change the posterior of an agent about X and therefore reveals
no information about X.

A result from information theory that I will use for proving the optimality of single
signals is the data processing inequality. The following lemma proves a weak version of this

inequality for completeness.

#2In his seminal paper Shannon (1948) showed that under certain axioms there is a unique entropy function.

55



Lemma B.1. Let X,Y and Z be three random variables such that X 1 Z|Y.*3 Then Z(X;Y) >
I(X;Z).

Proof. By the chain rule for mutual information** Z(X; (Y,Z)) = Z(X;Y) + Z(X; Z]Y) =

I(X;Z) + Z(X;Y|Z). Notice that since X L Z|Y, then Z(X;Z|Y) = 0. Thus, Z(X;Y) =

I(X;2)+I(X;Y|Z) > Z(X; Z2). O
\_;6—/

B.2 A Rich Set of Available Information

Definition. Let S be a set of Gaussian signals. We say S is rich if for any mean-zero possibly
multivariate Gaussian distribution G, there is a vector of signals in § that are distributed
according to G.

To specify a rich information structure, suppose in addition to ¢ ~ AN(0,1) there are
countably infinite independent Gaussian noises in the economy, meaning that there is a set
B = {q,e1,ez,...} such that Vi € N,e; ~ N(0,1),¢; L gand V{i,j} C N,j # i,e; L ¢;.
Let S be the set of all finite linear combinations of the elements of B with coefficients in
R:S = {aoq + L1 aiey), N € N, (a;)N ; € RNTL, (0(i))N; € N}. We let S denote the set
of all available signals in the economy.

Lemma B.2. S is rich.

Proof. Suppose G is a mean-zero Gaussian distribution. Thus, G = N (0,%), where & €
RN*N is a positive semi-definite matrix for some N € IN. Since X is positive semi-definite,
by Spectral theorem there exists A € RV*N such that £ = A’ x A. Choose any N elements
of BB, and let e be the vector of those elements. Then e ~ N (0, Iy« n) where Iy is the N
dimensional identity matrix. By definition of S, S = A’e € S. Now notice that E[S] = 0,

var(S) = A'var(e)A = X.Hence, S ~ N (0,%) = G. O

Definition. For a vector of non-zero Gaussian signals S~ N (0,%), we say elements of S are
distinct if 2. is invertible. In other words, elements of S are distinct if no two signals in S are
perfectly correlated.

Corollary B.1. Let S be an N-dimensional vector of non-zero distinct signals whose elements are in
S. Let G = N (0, %) be the distribution of S. Then for any N + 1 dimensional Gaussian distribution,
G, one of whose marginals is G, there is at least one signal § in S, such that S = (S,8) ~ G.

43This forms a Markov chain: X — Y — Z.
#For a formal definition of the chain rule see Cover and Thomas (2012).
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Proof. Suppose G = N(0,%), where &£ € RIN*DX(N+1) jg 3 positive semi-definite matrix.

Since G is a marginal of G, without loss of generality, rearrange the vectors and columns of
/

y

y
proof. If not, notice that since ¥ is positive semi-definite, its determinant has to be positive:

det(X) = det(xZ — yy') > 0. Since elements of S are distinct, ¥ is invertible. Also x > 0.
We can write det(X) = det(xX) det(Inxny — x 2 lyy’) > 0, which implies det(Inxn —
x 127 lyy') =1—-x"ly'S7ly > 0 & x > y'=~y, where the equality is given by Sylvester’s

3 such that & = .Ifx =0, thenlet§ = 0 ~ N(0,0) and we are done with the

determinant identity. Now, choose enyy; € B such that eyy; L S. Such an ey exists
because all the elements of S are finite linear combinations of B and therefore are only
correlated with a finite number of its elements, while B has countably many elements.*® Let

x—yrly

d=yz s+ en+1. Notice that § € S as it is a finite linear combination

Onx1
of the elements of B. Notice that cov(3,S) = y and var(3) = x. Hence, (§,5) ~ N(0,%). O

B.3 Optimality of Linear Pricing Strategies

Every firm chooses a vector of signals S;; € S"i*, where n;; € IN is the number of signals
that j, k chooses to observe, and a pricing strategy pjx : Sjx — R that maps their signal to a
price. Thus, the set of firm j, k’s pure strategies is

Aix = {gjrlcix = (Sjx € S"%, pjx : Sjx — R),njx € N}.

The set of pure strategies for the game is A = {g|¢ = (Gjk)ikejxk, Gjk € Ajx Vi, k € ] x K}.
First, I show that in any equilibrium it has to be the case that firms’ play linear pricing

strategies are linear in their signals.

Lemma B.3. Tuke a strategy ¢ = (Six, Pjx)jkejxk € A. Then if ¢ is an equilibrium, then Vj, k €
] XK, pjx= M;/ij,kfor some M € R"*.
Proof. A necessary condition for ¢ to be an equilibrium is if given (S;x)jkejxx under g,
Vi k € ] X K, pjx solves pj(Sjx) = argmin, E[(pjx — (1 —a)q - g ok P (Si0))?1Si k)
Since the objective is convex, the sufficient for minimization is if the first order condition
* ~ ~ * ~ atgtp * _
holds: p].,k(Sj,k) = (1—a)E[q[S;x] + zx]E[p]. (S;)ISjx], where & = Hg < 1, and p; (S;) =
K'Y ek p;.‘/k(S]’.‘,k). Thus, by iteration

M
pi(Sie) = Jim ((1=8) 1 a7 lg) + 1T [pf (5))

#5In fact, there are countably many elements in 3 that are orthogonal to S.
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where ]E](.,(,]c) [q] = E[q|S;x] is firm j, k’s expectation of the fundamental, and Vi > 1,
g = K'Y EESV[)1s ]
lekK

is firm j, k’s m’th order higher order belief of its industry’s average expectation of the funda-
mental. Similarly lE(MH) [p] (S;)] is firm j,k’s M + 1'th order belief of their industry price.
Assuming for now that signals are such that expectations are finite, since # < 1, the later

term in the limit converges to zero and we have:*°

pi(Sis) = (1=8) 1 &"E gl (26)

Now, I just need to show that ]E](';:) [

q] is linear in S; i, for all m. To see this, since all signals
in S are Gaussian and mean zero, Vj, k, let qusj,k = cov(Sjlk,q) = IE[qS;-/k]. Also given j, k,
Vi 7é k, Zsj,lzsj,k = COU(S]'/k, S]'/l) = ]E[Sj,ls},k] and Zsj,k = Z)ll?’(Sjlk) = ]E[Sj,kS;,k]-

The proof for linearity of higher order expectations is by induction: notice that for m = 0,

IE](’(;() [q] = E[q|S;x] = qusj,kzgji S;xwhich implies 0’th order expectations of firms are linear
in their signals Now suppose Vj,l IEQ”) [q] = A;;(m)’S;; for some A;;(m) € R"!. Now,

IE](,mH) [q] = K} )+ ) A 25]1 S,szl) Sj - The fact that I have assumed Xg, i
17k

_A("’H)GJRHJ?"
invertible is without loss of generality, because if ¥ ; is not invertible, since all signals in §;

are non-zero then it must be the case that S;; contains co-linear signals. In that case we can

exclude the redundant signals without changing the posterior of the firm. O

Corollary B.2. If ¢ = (Sjx € S, pix(Six) = M;/ij,k)]-lkeij € A is an equilibrium, then
Wik € Jx K, Mix = (1= )T, 55 +arly D Ts,5, 551

Proof. From the proof of Lemma B.3 that if ¢ is an equilibrium then pricing strategies should
satisfy the following optimality condition:

M;iSix = (1 —a)E[q]Sji] + a

ZIE[ £1Sj11Sk]-
L=

Thus, M = ((1 - &)Zgs, g L taphy YiuZs), 5 TS, L) O

Given the results in this section, I restrict the set of strategies to those with linear pricing

46if expectations are not finite, then a best response in pricing does not exist. However, since we are charac-
terizing a necessary condition in this lemma, I characterize the best pricing responses conditional on existence.
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schemes that sarisfy Corollary B.2: A* = {¢ € A|g satisfies Corollary B.2}.

B.4 The Attention Problem of Firms

Take a strategy ¢ € A* such thatg = (S € S, p;x = M]’-/kS]-/k) jkejxk- For ease of notation

let p(gjx) = M;/kS]-,k, Vj,k € ] x K. Also, let ¢_(j 1) = ¢\gjx Moreover, for any given firm

jok € JxK, letOx(c_x) = (9 (p(¢;1))ik (P(Gmn))m#jnek)’ be the augmented vector

of the fundamental, the prices of other firms in j, k’s industry, and the prices of all other
. ...,0). Also, f

K—1""""K-1 0,0,0,...,0) so, for any
N (J—1)xK times

K—1times
Cik € Aji let S(¢ j,k) denote the signals in S that j, k observes under the strategy ¢ x. Given

firms in the economy. Define w = (1 —«,

this notation observe that firm j, k’s problem, as defined in the text, reduces to

min Lix(&ik 6 (x) = EI(P(&jx) — W0ix(5_(15))?S(Sx)] (27)

CikEAK

s.t. I(S(éj,k);f)j,k(g—(j,k))) <K

where given the joint distribution of (S(¢; ), 0; k(¢ —(jx))), the mutual information is defined
in Section B.1. It is also useful to restate the definition of the equilibrium given this notation:

Definition. An equilibrium is a strategy ¢ € A such that Vj,k € | x K

ik = argming?,keAj,ij,k(Q;’,k/g—(j,k)) st. Z(S(gjx): 0jk(c—(jx))) < . (28)

The solution to this problem, if exists, is not unique. To show this, I define the following
relation on the deviations of j, k, given a strategy ¢ € A*, and show that it is an equivalence.

Definition. For any two distinct elements {g}/k, gjz.,k} C Ajy and given ¢ = (¢, 6 (jx) €
A*, we say g},k ~ikle gjz,,k if Lj,k(Q},k,(J—(j,k)) = L]-,k(g]z,k, ¢—(jk) ), where L;(.,.) is defined as
in Equation (27). Note that Vj,k € ] x Kand Vg € A*, ~; - is an equivalence relation as
reflexivity, symmetry and transitivity are trivially satisfied by properties of equality.

By definition the agent is indifferent between elements of an equivalence class. Now,
given ¢ = (G 6 (j) € A" let [gjilc = {Q;,k € Aj,k|g;',k ~ikle Gjk}- The following lemma
shows there is always a deviation with a single dimensional signal that requires less atten-
tion but yields the same payoff. Therefore, for any strategy of others, optimal signal choice

of a firm is one dimensional.

Lemma B.4. For any j,k € ] xK, V¢ = (Gjr6—(jx) € A" Ijx € [gjilc such that the
agent observes only one signal under & and T(S(&jx); 0ik(c—(jx)) < Z(S(gjx);0ix(6—(jx)))-
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Moreover, §; x does not alter the covariance of firm j, k's price with the fundamental and the prices of
all other firms in the economy under ¢.

Proof. 1 prove this lemma by constructing such an strategy. Given ¢ € A%, let Z,,, =
0ar(S(6jx)), Loy, = c0v(0(¢ (1)), S(gjk)) and Xo,, = var(0; (¢ _(jx)))- Thus,

]

/
Zgj,k 2 kS ik
2.

Gk ZGj,k

(S(6x), 0ix(5—(jx))) ~ N(O, )-

Moreover, since ¢ € A*, then pricing strategies are linear, and by Corollary B.2 p;(¢) =
WE[0 (6 (i) IS(cjx)] = W'Zg,, ¢, 21 S(gjx)- Notice that

ikSik TGk

Lj,k(gj,kzg —(j,k)) = W’vﬂr(f’j,k(g _(j,k))|5 (Gj,k))W = leej,kw - leej,k,g,-,kzgj}(Zéj,k,g],kw-

Now, let §j, = w’ Zej,k,gj,ngj}(S (6jk)- Clearly, §;; € S asitis a finite linear combination of

the elements of S;, and S is rich. Define ¢, = (§]-,k, 1) € Aj k- Notice that

Lix(CikrS—(jje) = W'oar(0;x(6_ (i) 1800w = Lix(Sik S—(jje))-

Thus, ¢jx € [gjklc- Also, observe that 0;x(¢_(jx)) L $jx|S(¢jx). Therefore, by the data
processing inequality in Lemma B.1, Z(8;1;0; (6 (jx))) < Z(S(gjx);0jx(6—(jx)))- Finally,
observe that p;(¢ik 6 —(jx) = Pik(g) = W' ZGj,k,gj,ng_jis(gj,k)' Thus, the covariance of j, k’s
price with all the elements of 8, (¢ _ j,k)) remains unchanged when j, k deviates from ¢; x to

Gik- O

B.5 Equilibrium Signals

Let £ = {¢ € A|g is an equilibrium as stated in Statement (28)} denote the set of equilibria

for the game. The following definition states an equivalence relation among the equilibria.

Definition. Suppose {¢1,¢2} C €. We say g1 ~¢ ¢2 if they imply the same joint distribution
for prices of firms and the fundamental. Formally, ¢1 ~¢ 62 if given that (g, pjx(61))jkejxx ~
G, then (4, pjx(62))jkejxk ~ G as well. This is trivially an equivalence relation as it satisfies
reflexivity, symmetry and transitivity by properties of equality.

Lemma B.5. Let A™* = {¢ € Alg = (sjx € S,1)rejxk}- Suppose ¢ € A'is an equilibrium for
the game. Then, there exists { € A** such that { ~¢ .

Proof. The proof is by construction. Since ¢ is an equilibrium it solves all firms problems.

Start from the first firm in the economy and perform the following loop for all firms: we
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know firm 1,1 has a strategy ¢11 = (s11 € S,1) that is equivalent to 11 given ¢. Create
a new strategy ¢! = (¢11, ¢—(1,1))- We know that ¢l implies the same joint distribution
as ¢ for the prices of all firms in the economy because we have only changed firm 1,1’s
strategy, and by the previous lemma §; 1 does not alter the joint distribution of prices. Now
notice that ¢! is also an equilibrium because (1) firm 1,1 was indifferent between ¢ ; and
¢1,1 and (2) the problem of all other firms has not changed because 1,1’s price is the same
under both strategies. Now, repeat the same thing for firm 1,2 given ¢!! and so on. At any
step given ¢/¥ repeat the process for j,k 41 (or j + 1,1 if k = K) until the last firm in the
economy. At the last step, we have K= (¢ j,k) jkejxk, which is (1) an equilibrium and (2)
implies the same joint distribution among prices and fundamentals as ¢. Moreover, notice
that ¢/ X € A**. O

So far we have shown that any equilibrium has an equivalent in A**, so as long as we
are interested in the joint distribution of prices and the fundamental it suffices to only look
at equilibria in this set. The next lemma shows that given any strategy ¢ € A**, for any
j,k € ] x K, the set of j, k’s deviations is equivalent to choosing a joint distribution between
their price and 6 (¢ _(;x))-

Lemma B.6. Suppose ¢ € A** is an equilibrium. Then, Vj, k € ] x K, any deviation for j, k is
equivalent to a Gaussian joint distribution between their price and 6;x(g_;x)). Moreover, if two
different deviations of j, k imply the same joint distribution for prices and the fundamental, they both
require the same amount of attention and the firm is indifferent between.

Proof. Given ¢, let Yo, be such that (¢ _(x)) ~ N(0, ;). Notice that Yo, has to be in-
vertible: if not, then there must a firm whose signal is either co-linear with the fundamental
or the signal of another firm, meaning that their signal is perfectly correlated with one of
those. But that violates the capacity constraint of that firm as they are processing infinite
capacity, which is a contradiction with the assumption that ¢ is an equilibrium.*

Now, from Lemma B.4 we know that it suffices to look at deviations of the form (s]-,k €

S, 1). First, observe that any deviation of the firm j, k creates a Gaussian joint distribution
/

y
y 2o,
distribution. Since X, is invertible, Corollary B.1 implies that there is a signal s € S, such
that (S]',k, 9]-,k(g,(]-/k))) ~ G.
For the last part of the lemma, suppose for two different signals s},k and s]% ,inS, (s},k, 0ik(c—(ix))

for (sjx, 0;x(¢—(jx))) as sjx € S. Moreover, suppose G = N (0,

] ) is a Gaussian

#7Recall, for any two one dimensional Normal random variables X and Y, I(X,Y) = —Jlog,(1 — p%ly),
where py y is the correlation of X and Y. Notice that lim,_; I(X,Y) — +oo.
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2

and (s ko 0;k(6—_(jx))) have the same joint distribution. Then,

var((?]-,k (g_(]',k) ) |S]1',k) = var(()]-/k (Q—(]',k) ) |S]2',k)

which implies that L; ( (s},k, 1),6-(jx) = Ljx( (sz,k' 1),6_(jk))- Moreover, given that the con-

ditional variances under both signals are the same we have

I(S},k; 0ik(6—(jx)) = I(S]Z,k; 0ik(6—(jk))-
Therefore, the firm is indifferent between s}’k and s]2- . o

This last lemma ensures us that instead of considering all the possible deviations in S,
we can look among all the possible joint distributions. If there is a joint distribution that
solves a firm’s problem, then the lemma implies that there is a signal in the set of available
signals that creates that joint distribution.

Lemma B.7. Suppose ¢ = (s, € S,1) € A™" is an equilibrium, then Vj,k € | X K,

stk = AW0k(6 (k) + 2k Zjx L 0jx(6_(jn)), var(zjx) = M1 — A)oar(W'0; (¢ _jx)))-

Proof. For firm j,k € ] x K, let Xy, denote the covariance matrix of (¢ _(jx)). From

Lemma B.4 it is sufficient to look at deviations of the form (s]-,k € S,1). For a given Sik € S,
X2y
(Sj,kl 9],k(g7(],k))) ~ N(OI Zsj,klej,k)’ Where Zsj,krej,k - [ y Zek
1
(sjx € S,1) to be optimal, it has to be the case that p;x = W'E[6;x(c_(jx))|5jx] = x>w'ys;x.

Thus,

] > 0. First, recall that for

= wly.

Now, givens; € S, the firm’s loss in profits is var(W'0; k(¢ _(jx)) sjx) = W/ZlekW —x72(w'y)?
and the capacity constraint is 1 log, (|I — x_zilg_];yyﬂ) > —Kk & x‘zy’Ze_jiy <A=1-27%,

2 /
X
Moreover, from the previous lemma we know that for any (x,y) such that Zy =0,
Yy Zo0
then there is a signal in S that creates this joint distribution. Therefore, we let the agent

choose (x,y) freely to solve min, ) w'Eq, W — x2(w'y)?s.t. x‘zy’Z;jiy < A. The solution

can be derived by taking first order conditions, but there is simpler a way. Notice that by
1 _1 _

Cauchy-Schwarz inequality x—2(w'y)? = x‘Z(Zgj’kw)'(Zgj;y) < x73(w'Ze, W) (ylzf),;Y)'

Therefore,

W W — 2 (w'y)? > (W'Zq,, w)(1— xfzy’Zgj/ky) > (1-A)w'Eg, W,
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where, the last line is from the capacity constraint. This defines a global lower-bound for
the objective of the firm that holds for any choice of (x,y). However, this global mini-
mum is attained if both the Cauchy-Schwarz inequality and the capacity constraint bind.

From the properties of the Cauchy-Schwarz inequality, we know it binds if and only if
_1 1

x~ 1y 2y = coXj w for some constant cy. Therefore, there is a unique vector x’ly that
Ok 0k

attains the global minimum of the agent’s problem given their constraint:x 'y = CoXg, W
Now, the capacity constraint binds if ¢y = /#@jkw. Together with x> = w'y, this gives
us the unique (x,y):y = ALg, W, x =, JAW'Zq, w. Finally, to find a signal that creates this
joint distribution, choose s;‘ i € S such that

S;ik = /\Wlej,k(gf(j,k)) + Zikr Zjk 1 9]'/k(g7(]~,k)), Z)ai’(Z]',k) = )L(l — )‘>W/29j,kw'

notice that cov(s;"k, 9j,k(€_(j,k))) = )\Zgj/kw, and var(s}*’k) = AW’ZQ],,I(W. Notice that this im-

plies the equilibrium set of signals are

1
S;ik = )L(l — [X)q —+ )\Oém l;(s;il + Zj,k/ Zj,t 1 (q’ Sm,n)(m,n);é(j,k)

where var(zj;) = A(1 — A)var((1 —a)q + My Yok 57,1)' O

B.6 Uniqueness of Equilibrium in Joint Distribution of Prices

Having specified the equilibrium signals, I now show that all equilibria imply the same joint
distribution of prices.

Lemma B.8. Suppose « € [0,1). Then, £/ ~¢ is non-empty and a singleton.

Proof. 1 show this by directly characterizing the equilibrium. From previous section we
know that any equilibrium is equivalent to one in strategies of A**. Suppose that (S;‘,k, D)ikejxk €
A** is an equilibrium, and notice that in this equilibrium every firm simply sets their price
equal to their signal, p;x = s}k,k. Also, Lemma 8 showed that this equilibrium signals should
satisfy the following

1
Pj,k = )\(1 — Oé)q + /\IXT Z P]',l + Z]',k; Zj,k L (q/ pm,n)(m,n);é(j,k)
K—-1 I7k

where var(zj;) = A(1 — A)var((1 —a)g + Ny Y14k Pj1)- Now, we want to find all the joint
distributions for (g, pjx)jxejxk that satisfy this rule. Since all signals are Gaussian, the joint

distributions will also be Gaussian.
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I start by characterizing the covariance of any firm’s price with the fundamental. For any

industry j, let p; = (pjx)kex and zj = (zjx)kex L q. Moreover, for ease of notation in this

section let 7 = 7. Now, the equilibrium condition implies p; = A(1 — a)1g + Aay(11' —

I) p; + zj where 1 is the unit vector in RX, and Iis identity matrix in RK*K (therefore 11’ — I is

a matrix with zeros on diagonal and 1’s elsewhere). With some algebra it is straight forward

to show that cov(pj,q) = 4=421 Thus, in any equilibrium, the covariance of any firm’s price

. — A=A
with the fundamental g has be to equal to 6 = =47

Next, I show that for any two firms in two different industries, their prices are orthogonal
conditional on the fundamental. Let p; be the vector of prices in industry j as defined above.
Pick any firm from any other industry [,m € ] x K,I # j. Notice that by the equilibrium
conditions z; L p;,,. Now, notice that

cov(pj, prm) = A(1 — a)1cov(q, prm) + Aay(11 = T)cov(pj, prm) + cov(zj, prm) -
—5 =0

With some algebra, we get cov(pj, pim) = 61 = cov(pj, pimlq) = 0. Therefore, in any
equilibrium prices of any two firms in two different industries are only correlated through
the fundamental. This implies that firms do not pay attention to mistakes of firms in other
industries. Now we only need to specify the joint distribution of prices within industries.
We have p; = B(A(1 —a)1q + z;) where B = 1+34A71 + (1+a)\‘i‘y)5r(yl—a/\)11/' This gives p; =
01q + Bz, where Bz; | g. This corresponds to the decomposition of the prices of firms

to parts that are correlated with the fundamental and their mistakes. The vector Bz; is the
vector of firms” mistakes in industry j, and is the same as the vector v; in the text. Let X, ; =
cov(zj,zj) and X, ; = cov(pj, pj). We have X, ; = 6211’ + BX jB’. Also, since zj; L pj 4,
we have D; = cov(pj, zj) = BZ,; where D; is a diagonal matrix whose k’th element on the

diagonal is var(z;x). From the equilibrium conditions we have

var(zjp) = A1 —Aoar((1—a)g+ay ) pj))
I#k

= A1 =21 —a)®+ A1 = A)a®>P*wiE, iwg +2A(1 = A)a(1 — )s

where wy is a vector such that wi p; = Y. p; ;- This gives K linearly independent equations
and K unknowns in terms of the diagonal of D;. Guess that the unique solution to this is
symmetric. After some tedious algebra, we get that the implied distribution for prices is
such that

1—adr A

—152 v/ 1. o) — M VI
ATV, k; cov(p],k, p],l) n —a;\/\5 Vi k1 #k,

1—aA
1—al

var(pjx) =
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5 — AdayA
where A = Trn O

B.7 Reinterpretation of a Firm’s Attention Problem.

Take any firm j,k € | x K, and suppose all other firms in the economy are playing the
equilibrium strategy. Moreover, here I take it as given that the firm does not pay atten-
tion to mistakes of firms in other industries:cov(pj, pim|q)1+j = 0. Now, take strategy
Gj—k for other firms and decompose the average price of others such that p; i(g; «) =
ﬁzl#k pii(j1) = 09 +vj_k, where ¢ and the joint var(v; _x) is implied by ¢; . Let

02 = var(v;,_x) be the variance of the average mistake of other firms in j, k’s industry when

they play the strategy. Fors;; € S, and define p;(s;x) = cor(sjx, 9), Po(sjx) = cor(s;x, vj —x)-
Notice that firm j, k’s loss in profit given that they observe s; ; is

o

2
var((1 —a)g + “Pj,—k\sj,k) = (1—a+wad) var(qg+ mvj,—k|sj,k)'

With some algebra, it is straight forward to show that

X0y

%)Zﬂg — (oq(sjx) + mpv(sﬁk))z'

var(q + T2

14
b si) = 1
1—a(l —5)0]’_k|sj’k) *

Now, to derive the information constraint in terms of the two correlations:Z(s; ; (4, pi- 1) <

r(sil(a.p; i)

. va
ar(s;) ) < x. Notice that e (5]
]

— . N2
Wq/ﬁ_k)) =1- (pq(S])z +Pv(5]) ) Thus, the

information constraint becomespé(sj) + p%(sj) <A =1-27%%S0j,k’s problem reduces to

K & 5 logy(

X0y

. V)2 32 )2 <
12"11?)2(((),7(5]&) + T al—20) (1= 5)Pv(5],k)) s.t. Pq(sj,k) + Pv(sj,k) < A

The problem reduces to choosing correlations as the information set is rich: for any pair of
(pq,po) € [—1,1]?, there is a signal in S that generates that pair.

B.8 Proofs of Propositions for the Static Model

Here I include the proofs of Propositions 1 to 3. The proofs and derivations for Section 4 are
included in Appendix F.

Proof of Proposition 1.

1. Given the result in Lemma B.8, notice that since attention is strictly increasing in the

cov(pixd)?  K—1+ad

f e k2
squared correlation: Py = var(p) . K—1+ah

A. However, notice that § = 11:0(”;@ <A
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aslongas A > 0and a > 0. This implies directly that pg;z < A. Thus, p}?2 = A — ,0*2 >0,
meaning that firms pay attention to the mistakes of their competitors.

P*z 1 a(A—0)
K 7 = TR K—Tra) -~ V- Also
W21 (K=1)(6—A)+ (K—1+ar)ad

w2 (K—1ra)(K—1tan)

The inequality comes from 6 — A < 0 and 3‘5 =9 ﬁ < 0.

3. Shown in the proof of Lemma B.8.

Proof of Proposition 2.

First of all notice that the aggregate price is given byp = J 'K~ 'Y kejwk pjx = 09 +
]iK Y.jke]xK Vjk- Since ] is large and v;;’s are independent across industries, the average

converges to zero by the law of large numbers as | — oo. Therefore, p = 64. More-
; cov(sjx,pi—k) P ; cov(sjk,p) i
over, B/ [p; ] = e Sik = Apik and E/X[p] = vl Pik = 1=4aApjk where

A= (If%m > A is defined as in the proof of Lemma B.8. So, Ei*[p; ] = Ap, Ei*[p] =
% ﬁ p. Finally,

1—al
1—aA

coo(EHp; 4, p) = Aoar(p) > - —2Avar(p) = coo(EIF[p], p).

Also, if K — co then A — A and cov(IE/*[p], p) — cov(Ei*[p; ], p).

Proof of Corollary 1.

Conditional on realization of the aggregate price |p — EiX[p]| = (1 —

=aMlpl > (1
Mlpl = [p —EX]pj,]l.

C Available Information in the Dynamic Model

The set of available signals in the dynamic model is an extension of the one defined in
Appendix B.2. The main difference is the notion of time and the fact that at every period
nature draws new shocks and the set of the available information in the economy expands.
To capture this evolution, I define a signal structure as a sequence of sets (S')5°_ where
St—5 < S8t Vs > 0. Here, St denotes the set of available signals at time t, and it contains all
the previous sets of signals that were available in previous periods.
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To construct the signal structure, suppose that at every period, in addition to the shock
to the nominal demand, the nature draws countably infinite uncorrelated standard normal
noises. Similar to Appendix B.2, let S; be the set of all finite linear combinations of these
uncorrelated noises. Now, define S' = {Y"2° jace;—|VT > 0,a; € R, et € S—+},Vt. First
of all, notice that for all ¢, g; € S, as it is a linear combination of all u;_'s and u;_; €
St—7, VT > 0. This implies that perfect information is available about the fundamentals of

the economy.

D Derivations

Solution to Household’s Problem (7).

Let B'p1; and B'py; be the Lagrange multipliers on household’s budget and aggregation
constraints, respectively.

For ease of notation let C;; = ( Cittree-s C]-,K,t) be the vector of household’s consumption
from firms in industry j € J, so that C;; = ®(C;;) where ®(.) is an aggregator function that
is homogenous of degree one and at least thrice differentiable in its arguments — note that
this embeds the CES aggregator as well as the Kimball aggregator discussed in Appendix
E. Moreover, for less crowded notation, I refer to Kj as K whenever the industry index is
redundant. First, I derive the demand of the household for different goods. Vj,k € ] x K
the first order condition with respect to C; s ; is

Lgase D (Cjr)
J 1.t CI>(C]-,t)

(29)

0P (C; . . . . .-
where @ (C; ;) = aéj’ ]Z:) - Notice that given these optimality conditions }_; xyejxx PjkCikt =

D, (C
%%Ct Yiej k;( %ﬁ))cf'k't = ZZ—iin, where the equality under curly bracket is from Euler
—1,Yje]
theorem for homogeneous functions as ®(.) is CRS. Therefore, Py = % is the price of

the aggregate consumption basket C;. Now, from Equation (29), Pj; = (Pj14,---, Pikt) =

Vlog(P( ],ﬁ;’; Ct))' I need to show that this function is invertible to prove that a demand

function exists. For ease of notation, define function f : RX — RK such that f(x) =

Vlog(®(x)). Notice that f(.) is homogeneous of degree —1, and the m, n’th element of its

— ifbm(x) — Dy n(X) _ Dy (x) P (x)
= 0n ok o) k) B

Let 1 be the unit vector in RX. Since ®(.) is symmetric along its arguments, for any k €
(1,...,K), ®1(1) = P¢(1), P11(1) = P(1) < 0. Since ®(.) is homogeneous of degree

Jacobian, denoted by matrix J/(x), is given by jrj;,n (x)
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1, by Euler’s theorem we have ®(1) = Y ;g Px(1) = KP1(1). Also, since P (.) is homo-
geneous of degree zero.*® Similarly we have 0 = 0 X ®(1) = Y;cx P(1). So, for any
I # k, ®y(1) = —xP11(1) > 0. This last equation implies that J/(1) is an invertible
matrix.*’ Therefore, by inverse function theorem f(.) is invertible in an open neighbor-
hood around 1, and therefore any symmetric point x = x.1 such that x > 1. We can
wrlte](f—PC = f~1(Pjs). It is straight forward to show that f ! (.) is homogeneous of degree
-1 because f(x) is homogeneous of degree -1: for any x € RX, f~!(ax) = f‘l(af(f_l(x)) =
FUfaf(x)) = a tf(x). Now, Cjxy = J 'PiCef, ' (Pjs), where f!(x) is the k'th
element of the vector f~!(P;,). Finally, since f(.) is symmetric across its arguments, so is
f~Y(Pj;), meaning that f,” ( +) = fi '(0k1(Pjs)), where 0i 1 (P;;) is a permutation that
changes the places of the first and k’th element of the vector P; ;. Now, to get the notation in
the text let (Pixy, Pj—x¢) = 0x,1(Pj) and D(x) = ]_lffl(x), which gives us the notation in
the text:C;x; = PiCyD(P; x4, P; ), where D(.,.) is homogeneous of degree -1. Finally, the
optimality conditions of the household’s problem with respect to B;, C; and L; are straight
forward and are given by P;:C; = (1 + it)]E{[PtHCtH] and P;C; = W,

Loss Function of the Firms.

Let TT(P; ¢, Pi—g e, Wi) = (Pjgr — (1 — 8)Wi)D(P; x4, Pj i) denote the profit function of the
firm following the text. Notice that this function is homogeneous of degree 1 as D(.,.) is
homogeneous of degree -1. Now for any given set of signals over time that firm j, k could

choose to see, its profit maximization problem is

max E[Y" B'QoII(Pi s, P ., We)|S; L]
(Pis:S) k= R)E 1;) ! ! "

Define the loss function of firm from mispricing at a certain time as

L(Pixt, Pjkts We) = TH(P Py ity We) — T1(Pikt, Py it We),

where P, , = argmax I1(x, P; _t, W;). Note that
min_ E[} B'QoL(Pikt Py k.t We)[S ]

(Pj,k,t:S]t'/kHIR)too:O =0

#Follows from homogeneity of ®(x). Notice that ®(ax) = a®(x). Differentiate with respect to k'th argu-
ment to get Oy (ax) = Dy (x).
-1
4'With some algebra, we can show that 7/ (1) = <1>I}1_(}) I- q)ll]((&)fllg
matrix whose diagonal elements are strictly different than its off-diagonal elements. Hence, it is invertible.

11/, meaning that 7/ (1) is a symmetric
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has the same solution as profit maximization problem of the firm because L(.) is also homo-
geneous of degree 1 and ) ;~, ,Bt% maxy I1(x, P; _y , W;) is independent of (P; )~ Now,
I take a second order approximation to

LI(Pikts B —rtr Qts Wi )] 2,3 QoL(Pikts Py ke Wi)

around a symmetric point where Vt, Pjx; = Pii¢lvizk = P,W: = Q such that P =
argmax, II(x, P,). For any of variables above let its corresponding small letter denote per-

centage deviation of that variable from this symmetric point (§; = QtQ and so on). Observe
that up to second order terms
5D x d _
L(Pjjt, Pj—kts We) = L(P,P,Q) + (Pjs — Pjjt)P mH(PI P,Q)
ik,
« Pz 92 _
+ (pj,kf p]kt)zapz (P/P/Q)
02 _
+ (p]kt Pjkt Z;CP]HP WH(P ,P,Q)
9 _
+ (Pt = Pigt)wr QP—]ktaWtH(P, P, Q).

*

o ps, —D
But notice that L(P,P,Q) = 0, and ijt = ]’k’lg is such that Hl(P oo Pkt Q1) =0,

meaning that

_0’TI(P, P, Q) _9%T1(P, P, Q) _9’I1(P,P,Q)
f P = P— + wQ—=—"=4 =0.
Pikt P2, l;{p 9P P = 9P; ) oW,

Plug this into the above approximation to get L(P; ks, Pj —xt, W) = — %ZHH (Pt — p;-‘ ‘ t)z.
Therefore, the approximation gives

. 1
LI(Pigt, Pt Qe We)i2o] ~ ——HnQPZZﬁ (Pikt = Pixe)
%,_/f
>0

which implies that up to this second order approximation the profit maximization of the

firm is equivalenttomin(pk SLoR)E E[Y2, B ( ]kt—P],kt) |S]k]
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General Form of «.

To derive the expression for p]’."k’t, recall that Pjﬁ:k,t is such that I'ly (P*k o Pi ks W;) = 0. Con-

P
sidering the specific form of the profit function this gives P] Kt = ol 15] k’ < o k) 7(1—58)Q;

7, kt)
aD(P

kP, k) Pt

* . = — j’ 4 1 -
where ¢ D(Pj,k,t' P ki) = OPr  D(PyiP; 1r) Define the super-elasticity of demand
P;
1 € . . = kot d 1 1 —
for a firm as e, (Pjxt, Pj—xt) = PP i) BPktsD(P]kt’ P; ). Since D(.,.) is homoge

neous of degree -1, then ep(.,.) and €},(.,.) are both homogeneous of degree zero. For
ease of notation let ep = ep(1,1) and €}, = €},(1,1). Now, recall from the previous sec-

tion that p;-‘ i is a derived by a first order log-linearization of this equation, which implies
Pike = (1= a)qe + agly Yisg pj,e Where

)
) 30
“ ¢y +ep—1 (30)

Notice that « € [0,1) as long as €, > 0 which happens if and only if a firm’s elasticity of

demand is increase in their own-price.

E Strategic Complementarity under Kimball Demand

In the main text of the paper, I consider a generalization of the elasticities under CES aggre-
gator and derive the strategic complementarities under this generalization. An alternative
approach in the literature is using Kimball aggregator, which is also a generalization of the
CES aggregator. In this section, I derive the demand functions of firms given this aggrega-
tor and show that the strategic complementarity implied by these demand functions cannot
satisfy all of the following properties simultaneously: (1) there is weak strategic comple-
mentarity in pricing (0 < a < 1), (2) there is substantial strategic complementarity in the
data (« = 0.8) and (3) strategic complementarity is decreasing with the number of firms
within industries (5% < 0).

The Kimball aggregator assumes that the function ®(C;4,...,Cj,) is implicitly de-

tined by
KC;
1=K L : (31)
kg(f(q)(cj,l,t/ ey Cj,K,t) )

where f(.) is at least thrice differentiable, and f(1) = 1 (so that CI>(1 ,1) = K). Ob-
serve that this coincides with the CES aggregator when f(x) = x 7. To derive the de-

mand functions recall that the first order conditions of the household’s problem are P; ; =

J71Q:

ac]kt Cit

,Vj, kwhere C;y = ®(Cj4,...,Cjk,). Implicit differentiation of Equation (31)
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gives
1 ¢ KCipi
Py =] e Wi,k 32
],k,t - ] Qi’ ] ch“ 7 ]/ . ( )
Liex Cjef'(¢57)

To invert these functions and get the demand for every firm in terms of their competi-
Yiek Cipef'( ngit ) B

J 10
F(Pjt, ..., Pk ). I verify this guess by plugging in this guess to Equation (32), which im-
plies the function F(.) is implicitly defined by 1 = K1 ¥ cx f(f'~! (PipeF(Pig -0 Pixt)))-

Note that this is consistent with the guess and F(.) only depends on the vector of these

tors” prices, guess that there exists a function F : RX — R such that

prices. It is straight forward to show that F(.) is symmetric across its arguments and homo-
geneous of degree -1.°° Now, given these derivations, we can derive the demand function
of firm j, k as a function of the aggregate demand, its own price and the prices of its com-

petitors. Similar to the main text we can write this as

NPt F (P - - - Piky))
Yiek Pipef (P F(Pivt -, Pixit))

Cikr =] 'QiD(Pijer, Pi—it) D(Pijr, Pj—xr)

_ S
(1)
f'(x) at x = 1, and assume > 1. It is straight forward to show that 7 is the elasticity

In the spirit of the CES aggregator I define 1 = as the inverse of the elasticity of
of substitution between industry goods around a symmetric point. Moreover, the elasticity

of demand for every firms around a symmetric point is 7 — (7 — 1)K~! similar to the case
/
alog(—alog(f (x)))

of a CES aggregator. Also, define {(x) = 810;(1;%‘(") as the elasticity of the elasticity
of f/(x):¢(x) = ];,/,/,/((;C))x - {[/,/((f))x + 1. For notational ease let { = (1) and assume { > 0

(¢ = 0 corresponds to the case of CES aggregator). These assumptions (7 > 1and { > 0
are sufficient for weak strategic complementarity, « € [0,1)). While the usual approach
in the literature is to assume K — oo and look at super elasticities in this limit, a part of
my main results revolve around the finiteness of the number of competitors and the fact
that the degree of strategic complementarity is decreasing in K. Therefore, I derive the
degree of strategic complementarity for any finite K. With some intense algebra we get
n = g(K_2)+(1_,771)12< € [0,1). This imbeds the CES aggregator when { = 0, in which case

{(K=2)+(1-n"1)
o= (1—-n"HK L

S0Symmetry is obvious to show. To see homogeneity, differentiate the implicit function that defines F(.)
with respect to each of its arguments and sum up those equations to get that for any X = (x1,...,xx) € RX,

—F(X) = Yrek xka‘%kl-"(X). Now, notice that for any 2 € R, X € RX, aag(gx) = 0. Thus, for any X € RX,
aF(aX) is independent of a4, and in particular aF(aX) = F(X) = F(aX) = a 'F(X).

71



F Proofs of Propositions for the Dynamic Model

Proof of Proposition 3.

The optimality of one signal at any given time follows directly from Lemma 1 in Afrouzi
and Yang (2019). Here, I include an adaptation of that proof for the special case of f = 0 that
builds on the result in Lemma (B.7) for the dynamic case. Many arguments in the proof are
similar and are omitted to avoid repetition. At a given time ¢, let (S]t;l) (jk)ejxk denote the
signals that all firms have received until time ¢ — 1, and are born with at time ¢. In particular,
for any j, k, S]t.’;l = (-, Sjkt-3,Sjkt—2,Sjki—1),where VT > 1,5, + C ST, This implies
that (1) S; ;. only contains information that were available at time ¢ — 7, and therefore are
available at time t, and (2) S; s ;- is available for all other firms in the economy in case they
tind it desirable to learn about it.

Given this initial signal structure, pick a strategy profile for all firms at time t:g; =
(Sjke © S'pjkt + Sixs = R)(jpeyxk, where iy = (Si;},Sjk). First, similar to the
static case, we can show that in any equilibrium strategy pj,k,t(S]t.,k) is linear in the vec-
tor S]t.,k. This result follows with an argument similar to Lemma (B.3). Given this, let
pj,k,t(S;/k) = Y2209[kSjkt—7 denote the pricing strategy for any (j,k) € J x K. This is
without loss of generality because the equilibrium has to be among such strategies. No-
tice that due to linearity and definition of S, pj,k,t(S]t’k) e S, V(j,k) € ] x K. Now,
pick a particular firm j, k and let ¢_(; 1, denote the signals and pricing strategies that ¢;
implies for all other firms in the economy except for j, k. Similar to Subsection B.4 let
Okt (65—t = (4, <pj,l,t(51t',z>)l7ékr (Pt (Shn) Jmjmek)' be the augmented vector of the
fundamental, the prices of other firms in j, k’s industry, and the prices of all other firms in
TR 0,0,0,...,0 ). For the remainder

~ ” (J-1)xK times

the economy. Now, define w = (1 — «,

K—1times
of the proof fix the capacity of the firm at x > 0. I will show that the result holds for any

such x and hence is true also under the optimal k. Since B = 0, fixing the capacity at some
x > 0, firm j, k’s signal choice problem is

. , t
min var(w'0;..(c_: 1 .)|St
SikiCS! ( jk,t (Q (],k),t) | ],k)

S.t. I(S]',k,t, 9j,k,t(§—(j,k),t)|s;,;1) < K.

To show that a single signal solves this problem, suppose not, so that S;x; contains more
than one signal. Then, we know that p]',k,t(S]t.’k) = wE [Qj,k,t(g—(j,k),t)|5]t-,k]- Notice that I am
assuming signals are such that these expectations exist. If not, then the problem of the firm
is not well-defined as the objective does not have a finite value. To get around this issue, for
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now assume that the initial signal structure of the game is such that expectations and vari-
ances are finite. Since both 6;:(¢_(;x) ) and St ik are Gaussian, p;(S ] L) =xé ikt Sikt—t
by Kalman filtering. Here for any S ¢ that is not a singleton, let (5;’ rr be a vector of
the appropriate size that is implied by Kalman filtering. Therefore, by definition of S,
Pik, t(S; ) € S', meaning that there is a signal in S’ that directly tells firm j, k what their
price would be under St and ¢ _ (] Kt Let St k= = (S ;;1, p]-,k(S]t.’k)) and observe that by defini-
tion of pj 4 ( ]k) var(w 9],;( t(g_ )]S] ) = var(W'o, (6 r) |§]tk) Therefore, we have
found a single signal that 1mp11es the same loss for firm j, k under S]t. - Now, we just need
to show that it is feasible, which is straight forward from data processing inequality: since

pj,k,t(S]t./k) is a function S]t-,k, we have

Z(pijr(Six)s 01t (6— (10,0555 ) < T(Sjpots Bkt (6 —(ia) IS]51) < &

which concludes the proof for sufficiency of one signal. Now, given S' ik Tand 6, (6 —(jjo),t)
let i pi—1 = 0ar(0jx:(6—(jjo) e )|S§,k1). Without loss of generality assume % ;1 is in-
vertible. If not, then there are elements in 9j,k,t(€—(j,k),t) that are colinear conditional on
S]t’kl, in which case knowing about one completely reveal the other; this means we can re-
duce 0;x,+(6_(jx),) to its orthogonal elements without limiting the signal choice of the agent.

Now, for any non-zero singleton S;; ; € S, it is straight forward to show that

1
Z(Sikn a6 ISi) = 5 log(1 — 2% L, 20),

COU(Sj,k,tzgj,k,t(g—(j,k),t) S]t‘,;l)
\/var(Sj/k/t|S]t.,;1)
A =1 — 272 Moreover, notice that the loss of the firm becomes

. The capacity constraint of the agent becomes z,. !

where z; = ik tlt—17Z

var (W0, (6 (00,0175 Sike) = WEjkgr 1w — (W'ze)%

This means that the agent can directly choose z; as long as there is a signal in S’ that in-
duces that covariance. I first characterize the z; that solves this problem and then show that
such a signal exists. Notice that minimizing the loss is equivalent to maximizing (w’z;)2.

The firm’s problem is maxg, (w’ zt) s.t. th z; < A. By Cauchy-Schwarz inequality we

k-1

know (w'z;)? < (w/ Ziktt—1W) (2} ! zt) < AW'E y1i—1W, where the second inequal-

k-1

ity follows from the capacity constraint. Observe that z; = m;/k’t‘t,lw achieves
\ Wi
this upper-bar. The properties of the Cauchy-Schwarz inequality imply that this is the only

vector that achieves this upper-bar. Hence, z; is the unique solution to the firm’s prob-
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lem.”! Now, I just need to show that a signal exists in S* that implies this z}. To see this, let
S;’ik,t = (1—a)q +ag Yk p,',z,t(Sj-,l) + €j k- It is straight forward to show that this these
signals imply z;.

Proof of Proposition 4.

Independence of «; from j follows from the symmetry in the number of competitors across
industries. Moreover, in the stationary equilibrium, all variances are constant over time.
Since the choice of capacity depends on the underlying parameters and these variances,
then the capacity is also time-invariant. Symmetric equilibrium also implies that optimal
capacities are also symmetric across all firms so ;. = x > 0. To see that x > 0, suppose
that in the equilibrium ¥ = 0. Then firms are not acquiring any information about the
prices of their competitors and the monetary policy shocks. But monetary policy shocks
have a unit root which means that if firms are not learning about them, the uncertainty of
tirms is growing linearly over time and gets arbitrarily large. This implies that the benefit of
learning monetary policy shocks is growing linearly with time which contradicts the choice
of x = 0. Thus, in the stationary equilibrium x > 0 so that the conditional variance of the
ideal price is stationary.

Now, from the proof of Proposition 3 recall that in the equilibrium, for all (j, k) € J x
K, pikt(Siy) = WEBjki(6(jn),e)|Si,] where St = (ST1,Sjxs) and Sjpr = (1 — a)qe +
O — Yok Pj,l,t(S;/l) + ¢; 1+~ From Kalman filtering

WE[B k(¢ (1) S]t-,k] = E[W0 (5 (i)l S]t',;l]
w’cov(Sj,k,t, 0kt (g —(j,k),t))
var(S; | S]t-,;l)

(Sjkt = E[SjkelSiy -

wWcov(Siki0iki(S_(irs))
ikt Yk S —(j k)t ) A / .
= w2 w =
W”(Sj,k,t\sjt-;l) WEj W ik, t|t—1

Notice from the proof of Proposition 3 that

A. Thus, using p; . + as shorthand for p]',k’t(S;/k), pike = (1— )\)IE[Sjlk,t|S]t.,;1] + AS; - Finally,
notice that pj ;1 = E[Sji 1 |S]t;1] Subtract this from both sides of the above equation to
get ikt = Pjkt — Piki-1= (1— A)]E[Asj,k,t\sﬁl] +A(Sjkt— Pjki—1), where AS;y; = Sy —
Sikt—1- Subtract A7; , from both sides and divide by (1 — A) to get 7jx = E[AS; 4| S;’;l] +
ﬁ(sjlki — Pjkt)- Averaging this equation over all firms gives us the Phillips curve. To

derive it, I take the average of every term separately and then sum them up.

',k— . .,k '/k
B [AS ] = Y EASlSh) = (1 - 0B [Ag] + Bl [ i),

1
JK (jk)e]xK

®1This solution can also be obtained by applying the Kuhn-Tucker conditions.
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where 71, = ﬁ Zl#k(Pj,l,t — Pj,l,t—l) is the average price change of all others in industry
j except k. Moreover,

1 1
K > (Sikt—pikt) = (1—“)‘7t+ﬂ< )3 —Zpﬂt K

(jk)eJxK )e]xK l;ék

Z p]kt

(jk)eJxK

-~

:% Z(j,k)e]xl( Pjkt

The last term is approximately zero because ] islargeand e L pj1+, Vi # j, meaning that
errors are orthogonal across industries regardless of coordination within them. Now, define
pt = ]LK Y.(jk)eJxK Pjkt and recall that q; = p; + y. Therefore, ]LK Yk erxk Skt = Pikt) =
(1— (x)yt Finally, define aggregate inflation as the average price change in the economy,
T = ]K Y_(jk)e]xK Tkt Plugging these into the expression above we get

X ik
= (1= &) BZ [Agi] + By 7] + (1= @) T wr

Finally, notice that 12; = 1;3;? =22 1,

G Symmetric Stationary Equilibrium and Solution Method.

To characterize the equilibrium, I will use decomposition of firms’ prices to their correlated
parts with the fundamental shocks and mistakes as defined in the main text. I start with
the fundamental g; itself. Notice that since g; has a unit root and is Gaussian, it can be
decomposed to its random walk components:q; = Y ;- wgﬁt n,whereily_, =Y 20 gut_n_x,
and (7);2 is a summable sequence as Aq; is stationary and Aq: = Y37 ¢y us—y. In the case
of B = 0, following Proposition 3 we know that given an initial signal structure for the game
(S].jkl)(]-,k)e jxk, the equilibrium signals and pricing strategies are

Sikt = (1—06)L7t+04K ZP}kt ]k)+€]ktl

Pise(Sh) = El(—a)g+agrs % Pine(Si)IS]A]

Z kts]kt T/ / )E]XK,tthO.
However, these signals take a slightly different form when > 0. Firms still receive one
signal every period but they put different weights on the shocks. In particular, they realize

that shocks to q are more persistent and taking the continuation value of knowing these
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shocks into account focus more of their attention on the aggregate shocks. To solve for the
optimal form of the signal, we follow the solution method outlined in Afrouzi and Yang
(2019) for deriving the optimal weights on each of these shocks.

To characterize the equilibrium, given the form for the optimal signal, I do a similar de-
composition analogous to the one in the static model. Given the pricing strategies of firms at
time t, decompose their price to its correlated parts with the fundamental and parts that are
orthogonal to it over time: p]-,k/t(S]t.’k) = Z?:O(a?,k,tﬁt—” + bzk,tvjlk,t_n).Here, Yoo bj’fk/tv]-/k/t_n
is the part of j, k’s price at time t that is orthogonal to all these random walk components
(mistake of firm j, k at time f). Moreover, v;; , is the innovation to j, k’s price at time ¢ that
was drawn at time ¢ — n. In other words, I have also decomposed the mistake of the firm
over time. This decomposition is necessary because other firms follow all these mistakes,
but they can only do so after it was drawn at a certain point in time, in the sense that no firm
can pay attention to future mistakes of their competitors as they have not been made yet.
Before proceeding with characterization, I define the stationary symmetric equilibrium.

Definition 5. Given an initial information structure (S;kl)(]-/k)e Jx K, Suppose a strategy pro-
file (Sj,k,t c S, Pikt S]t.,k — R)ex >0 is an equilibrium for the game. We call this a
symmetric steady state equilibrium if the pricing strategies of firms is independent of time,
t > 0, and identity, k € K. Formally, 3{(a")%>,, (b")5_}, such that Vi > 0,V(j, k) € ] x K,

n=0’
Pikt = Lneo(@" Tt +b"0j 1)

To characterize the equilibrium, notice that we not only need to find the sequences
(a",b")%>_,, but also the joint distribution of jkt—n'S across the industries. To see this, take
firm j, k and suppose all other firms are setting their prices according to p; s+ = Y570 (a" #t—n +
b"v;ki—n). Then, firm j, k’s optimal signals are given by the solution method outlined n
Afrouzi and Yang (2019). In the special case of B = 0 this form is given by

= _ 1
Sikt = 3 [(M—a)y) +aa")ds—p + ocb”—K — Y Vittent el
n—=0 1£k
where by properties of the equilibrium e; ; ; is the rational inattention error and is orthogonal
to #l;—y and vj,;_,, Vn > 0,VI # k. Using the joint distributions of errors (v;y;—,)kek, by
Kalman filtering, the firm would choose to set their price according to
(ee]

o0 oo ~ 1 .
Pikt = Y, 0"Siki—n =Y @ntlt—n+bp—o—"Y Uikt + Enliptn)
n=0 n=0 K—-1 I#k

for some sequences (&, by, ¢,). But in the equilibrium, Pikt = Lneo(@"t—n + 0"0j ks —n)-
This implies, a = ﬁn, bn'U]'/k/t,n = bnﬁ Zl;ﬁk U]'/l,t,n + 5n€j/k1t,n, where ej,k,t,n 1 vj,l,i’ntVI 7é
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k. Using the second equation we can characterize the joint distribution of (Uj’k,t_n)ke K, Vn >
0. This joint distribution is itself a fixed point and should be consistent with the Kalman
filtering behavior of the firm that gave us (d,, b, Cn)o_o in the first place. Finally, notice that
underneath all these expressions we assume that these processes are stationary meaning
that the tails of all these sequences should go to zero. Otherwise, the problems of the firms
are not well-defined and do not converge. I verify this computationally, by truncating all
these sequences such that Vin > T € IN,a" = b" = 0 where T is large, solving the problem
computationally, and checking whether the sequences go to zero up to a computational tol-
erance before reaching T. In my code I set T = 100. The economic interpretation for this
truncation is that all real effects of monetary policy should disappear within 100 quarters.
Such truncations are the standard approach in the literature for solving dynamic imperfect
information models.
The following algorithm illustrates my method for solving the problem.
Algorithm 1. Characterizing a symmetric stationary equilibrium:
T-1

n=0"

timal signal using the method in Afrouzi and Yang (2019) (for the the case of B = 0 set
Sikt =Yp_ [((1 — @)+ aa") il + &b g Yy sk Vg + e',k,t} ).

1. Start with an initial guess for (a", b") and solve for a representative firm j, k’s op-

2. Using Kalman filtering, given the set of signals implied by previous step, form the best
pricing response of a firm and truncate it. Formally, find coefficients (d,, b, CNH)Z;S
such that pj ¢ ~ Y0 0 (@ntl—n + bng Tizk 0jt—n + Cnehot—n)-

3. Vn € {0,..., T — 1}, update a" = ", and b" such that b,vy;_, = Enﬁ Y4k Oji—n t
Cnekt—n, using ex; L v_y;, and the symmetry of the distribution of (v; ;)rek-

4. Tterate until convergence of the sequence (a" b”)z

H A Static Model with Heterogeneous Market Shares

Consider the household’s demand with CES aggregator from Equation 7 with the following

modification:

-1\ 11

Cr = H Z m]UkC],Zt (33)

je] keK;

where now 77 captures the taste of the consumer for the product of firm k in industry

j- Moreover, Vj we normalize }  771;x = 1 so that that these tastes are relative. It is straight
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forward to show that 17, shows up as a demand shifter in firm j, k" demand

= —17
Mk
1—

Cikt = PC oL
1551t

(34)
Y 1M,
On the firm, side this implies that the elasticity of demand for firm j, k at time ¢ is given

by

1=1
]rkP],k t

> mj P

gt =1n—(n—-1) (35)

On the firm side, assume constant returns to scale in production (y = 0) and that there
is a subsidy for every firm such that it sets their steady state price equal to the aggregate
marginal cost given their optimal markup (so that there is no price dispersion in the steady
state). Then the approximate problem of the firm, as in Equation 18, is given by

2 -1
max  —E Z B ikt (Sie) = Piae) + wrigr 1S, (36)
{5kt Sik Pyt (Sji) Y=o ~——
loss from mispricing cost of capacity
st Piee = (1= aip)qe — ajpj—ki(Sj—kt) (37)

Im ik
I(Sjktz (G, Prm,( f,m))égf);(] )> < Kjjot

S]t- = St 1y Sikts S;kl given.

where we have already imposed that in the case of v = 0 the curvature of the profit
function is uniquely determined by the elasticity of substitution (B; = 7). The only major
difference to this problem is that now, with heterogeneity in market shares, there is also
heterogeneity in the degree of strategic complementarity within industries. In fact, in this
case, the degree of strategic complementarity for every firm is proportional to their steady
state market share:

ajp = (1—n ")y (38)

Note that in this case 77; is simply the market share of firm k in industry j in the steady
state, and we can study the impact of heterogeneity in market shares on the attention allo-
cation of firms. Finally, to make this case even simpler, assume that 7 — 00.>> Then, taking

2In this hypothetical example, having 7 — oo means that firms’ profit functions are infinitely concave and
that the benefit of information is arbitrarily large given a fixed w. Therefore, for a fixed w firms will acquire
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a second-order approximation around this steady state, it follows from Equation 15 that the
ideal price of firm j, k is given by

Y14k T 1Pj 1t

: (39)
Y4k )

Pike = (L= 1)) qe + 1
This representation also shows that higher market share leads to higher strategic com-
plementarity and hence magnifies the degree of strategic inattention for firms with larger

market share.

almost perfect information. To resolve this, we assume that w is also proportional to # so that the ratio stays
constant as 17 — oo.

79



	Abstract
	Afrouzi_strategic inattention.pdf
	Introduction
	A Static Model
	The Environment
	Firms' Problem
	Attention Allocation
	Equilibrium Prices and Expectations

	Model Predictions and the Survey Data
	Number of Competitors and Strategic Complementarity
	Knowledge about Industry versus Aggregate Inflation
	Uncertainty about Inflation versus Number of Competitors

	A Micro-founded Dynamic Model
	Environment
	Households
	Firms
	Monetary Policy and General Equilibrium

	Sources of Strategic Complementarity
	Solution Method and Incentives in Information Acquisition
	A Special Case with a Closed-Form Phillips Curve
	Calibration

	Results
	Non-Targeted Moments: Subjective Uncertainty in the Model
	Implications for Monetary Non-Neutrality
	Comparison with the Monopolistic Competition Model
	Counterfactual Distributions for Number of Competitors

	Decomposition: Strategic Inattention vs. Real Rigidities

	Robustness and Alternative Assumptions
	Lower persistence of nominal demand growth
	Alternative discount factor
	Heterogeneity within sector market shares

	Concluding Remarks
	Additional Figures and Tables
	Proofs for the Static Model
	Shannon's Mutual Information
	A Rich Set of Available Information
	Optimality of Linear Pricing Strategies
	The Attention Problem of Firms
	Equilibrium Signals
	Uniqueness of Equilibrium in Joint Distribution of Prices
	Reinterpretation of a Firm's Attention Problem.
	Proofs of Propositions for the Static Model 

	Available Information in the Dynamic Model
	Derivations
	Strategic Complementarity under Kimball Demand
	Proofs of Propositions for the Dynamic Model
	Symmetric Stationary Equilibrium and Solution Method.
	A Static Model with Heterogeneous Market Shares




