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1 Introduction

Almost every modern monetary model relates price changes to firms’ expectations about aggregate
inflation.! However, recent literature documents that firms’ inflation expectations are inaccurate and
disconnected from aggregate inflation (Candia, Coibion, and Gorodnichenko, 2021).> Furthermore,
the accuracy of firms’ expectations about aggregate variables correlates with the number of their com-
petitors (Coibion, Gorodnichenko, and Kumar, 2018). These facts are inconsistent with our standard
models and raise two questions: (1) How does competition affect firms’ expectations? (2) What are the
macroeconomic implications of the interaction between competition and expectation formation?

This paper develops a new dynamic general equilibrium model with rational inattention and
oligopolistic competition to study these questions. The interaction of these two model ingredients
generates an endogenous relationship between the number of firms’ competitors and their expectations
about aggregate variables. While both rational inattention and oligopolistic competition are necessary
for this relationship—hereafter, referred to as strategic inattention—neither one is sufficient on its own.
To examine the quantitative fit of the model, I calibrate it to firm-level survey data and find that it matches
the relationship between firms’ beliefs and the number of their competitors as a non-targeted moment.
Finally, I find that strategic inattention has quantitatively significant implications for output and inflation
responses to monetary policy shocks. It amplifies monetary non-neutrality by up to 48% and shifts the
output response disproportionately towards less competitive firms.

The basic model of this paper in Section 2 provides a closed-form characterization of oligopolistic
firms’ optimal beliefs under rational inattention. Rationally inattentive firms make mistakes in perceiving
fundamental shocks. Thus, with a finite number of competitors, the average prices of firms’ competitors
exhibit non-fundamental volatility, which is costly to the firms themselves as well as to their competitors
through strategic complementarities in pricing. Accordingly, when information acquisition is endoge-
nous, oligopolistic firms are strategically inattentive: they have the incentive to pay direct attention to

the mistakes of their competitors, even at the expense of paying less attention to the fundamental shocks.

'With sticky prices, inflation increases with expected future inflation (Woodford, 2003b). In models of information
rigidity, it increases with past expectations of current inflation (Lucas, 1972, Mankiw and Reis, 2002, Reis, 2006).
2See, also, Kumar, Afrouzi, Coibion, and Gorodnichenko (2015).



Thus, the model predicts an endogenous relationship between competition and firms’ beliefs about
aggregate variables: firms with fewer competitors and higher strategic complementarities in pricing are
less informed about aggregate variables and have more uncertain beliefs.

Strategic inattention also implies that less competitive firms’ price changes covary less with their
aggregate inflation expectations than with expectations of their competitors’ price changes. Firms that
compete with only a few others do not optimize their prices relative to an aggregate price index but rather
relative to the prices of their direct competitors, a feature that is reflected in their beliefs under rational
inattention. As firms pay direct attention to the beliefs of their competitors, prices are, on average, closer
to firms’ expectations of their competitors’ prices than to the aggregate price. Accordingly, expectations
about aggregates are no longer the relevant index for firms’ pricing decisions. Instead, a more appropriate
index for aggregate prices is firms’ aggregated expectations of their own competitors’ prices. Importantly,
strategic inattention creates a wedge between the relevant expectations for prices and aggregate inflation
expectations.

Direct motivating evidence from firm-level survey data in Section 3 supports the presence of strategic
inattention among firms. First, to assess whether the conditions required by the basic model hold in the
data, a novel question is included in a survey of New Zealand firms that measures significant strategic
complementarities in pricing. Furthermore, when asked how many direct competitors they face in their
main product market, firms report an average of 8 competitors. Second, as predicted by the model, firms
with fewer competitors are more uncertain about aggregate prices.’ Third, firms are more aware of their
own industry prices than aggregate prices, which is also consistent with the model’s prediction that firms
should pay direct attention to the beliefs of their competitors.

To study the quantitative implications of strategic inattention, Section 4 extends the basic static
model of the paper to a micro-founded dynamic general equilibrium model to explore its macroeconomic
implications. Oligopolistic competition is modeled through households’ preferences over different
varieties, which generates many small oligopolies with heterogeneity in the number of firms operating

within them. Firms are rationally inattentive and acquire information about their competitors’ beliefs

3Coibion, Gorodnichenko, and Kumar (2018) document a similar result for the size of forecast errors. The model in
this paper also delivers a precise prediction in terms of the variance of beliefs which is tested in Section 3.



and fundamental shocks over time. On the methodological front, the model requires solving for the
equilibrium strategy of a dynamic rational inattention game within every oligopoly, which, to the best
of my knowledge, is novel to this paper. I solve these equilibrium strategies by extending recent methods
for solving single-agent dynamic rational inattention models.*

To validate the model, I calibrate it to the firm-level survey data and find that the model matches
firms’ strategic inattention to inflation—i.e., the relationship between firms’ beliefs about aggregate
inflation and the number of their competitors—as non-targeted moments. In the calibrated model, firms
in more competitive oligopolies acquire more information and allocate a larger amount of attention
toward aggregate shocks, consistent with the empirical evidence that more competitive firms are more
informed about aggregates (Coibion, Gorodnichenko, and Kumar, 2018, and the analysis in Section 3).

The remainder of the paper in Section 5 studies the aggregate and reallocative implications of
strategic inattention for the propagation of monetary policy shocks to output and inflation. Since firms
in less competitive oligopolies acquire less information about aggregate shocks, their price responses
to these shocks are smaller and more persistent, both of which amplify monetary non-neutrality. I find
that strategic inattention has quantitatively significant aggregate effects: it increases the volatility of
output due to monetary shocks by up to 48% and increases its half-life by up to 22%. Moreover, it lowers
the volatility of inflation caused by monetary shocks by up to 13% and increases its half-life by up to
9%. The fact that inflation responds more persistently to shocks among firms with fewer competitors
is consistent with evidence documented by Schoenle (2018).

In addition to affecting the response of aggregate prices and output, strategic inattention also dis-
torts the response of relative prices and concentrates output response towards oligopolies with fewer
firms. Since such oligopolies are more strategically inattentive, their prices respond more sluggishly to
expansionary monetary shocks, attracting demand towards more concentrated oligopolies. Thus, more
oligopolistic firms contribute more to the output response of the economy relative to their steady-state
market share. To examine these effects, I define the concentration multiplier of oligopolies with K

competitors as the ratio of the cumulative response of outputs in those oligopolies relative to the aggre-

“In particular, I use the method developed by Afrouzi and Yang (2019) which builds on and generalizes the first-order
condition methods developed in Mackowiak, Matéjka, and Wiederholt (2018).



gate output response. These multipliers are defined such that they are equal to one in a model without
heterogeneity in output response. However, with the heterogeneity caused by strategic inattention, more
concentrated oligopolies drive a higher share of the output response. For instance, the cumulative output
response in duopolies is 17% larger than the average cumulative output response in the model.

The final step in Section 5 is a conceptual decomposition that inspects the mechanisms that are at
work in the quantitative model. It is well-known that real rigidities significantly amplify monetary non-
neutrality (Woodford, 2003a). Since strategic complementarities in the dynamic model are endogenous
to the environment of firms and vary with competition, it may as well be that all the quantitative results
are driven by differences in real rigidities across oligopolies than by strategic inattention. But this is not
the case. In fact, real rigidities work against strategic inattention in the calibrated model because firms
with more competitors have higher strategic complementarities.

Therefore, oligopolistic competition has two opposing effects on monetary non-neutrality. Firms
with fewer competitors pay less attention to monetary shocks due to strategic incentives, which amplifies
monetary non-neutrality (the strategic inattention channel). However, firms with fewer competitors also
have lower strategic complementarities, which attenuates monetary non-neutrality (the real rigidities
mechanism). While both effects are significant, the strategic inattention mechanism dominates and
amplifies monetary non-neutrality in oligopolies with fewer competitors.

To further investigate these mechanisms, I also derive an analytical decomposition in the static model
and show that monetary non-neutrality decreases with the number of competitors as long as demand
elasticities increase with the number of competitors. In a complementary exercise, I also solve the
dynamic model under strategic complementarities that decrease with the number of competitors. In
this model, the strategic inattention channel is mitigated because lower strategic complementarities of
more competitive firms attenuate their incentives to acquire more information but are not enough to
overturn the effect of larger demand elasticities on information acquisition. Accordingly, firms with
more competitors acquire more information in the model as well and strategic inattention continues to

amplify monetary non-neutrality when the number of competitors is smaller.

Related Literature. This paper is motivated by the recent literature that investigates how firms’ expecta-

tions are related to their environment. The most related work in this area is Coibion, Gorodnichenko, and



Kumar (2018) which provides direct evidence for the relationship between firms’ number of competitors
and their expectations. To the best of my knowledge, the model in this paper is the first to provide an
explanation for this relationship and to investigate its implications. Most notably, in the model, inflation
responds more persistently to shocks among firms with fewer competitors. Schoenle (2018) documents
a similar relationship in the U.S. PPI data and provides evidence for this mechanism.

The model proposed in this paper is mainly related to the vast literature on rational inattention (Sims,
1998, 2003) and, especially, its applications to pricing models and business cycles dynamics (most
notably, Mackowiak and Wiederholt, 2009, 2015, Maté&jka, 2015).°> The previous work in this literature
has mainly focused on monopolistic competition models. The main contribution of this paper is to study
the consequences of rational inattention in oligopolistic competition models, which is essential to the
main objective of this study that aims to understand the effects of competition on firms’ expectations,
and, through that, on inflation dynamics and monetary non-neutrality.

The oligopolistic structure of competition studied here is related to the literature that has focused
on its macroeconomic implications (Rotemberg and Saloner, 1986, Rotemberg and Woodford, 1992,
Atkeson and Burstein, 2008). While this paper’s main focus is to understand the interaction of oligopolis-
tic competition with rational inattention, the implications of the model for monetary non-neutrality
complement concurrent work by Mongey (2021) and Wang and Werning (2021), which focus on the
interactions of nominal rigidities with oligopolies. These three models provide a unified view of how
competition affects output and inflation dynamics but under different mechanisms.® In particular, the
mechanism of interest here is strategic inattention, which affects aggregate dynamics through firms’
expectations in a micro-founded model with endogenous information acquisition.

The model’s implications for inflation dynamics and monetary non-neutrality is also of particular

interest given the recent evidence on the rise of concentration (see, for instance, Autor, Dorn, Katz,

3See, also, Pasten and Schoenle (2016), Stevens (2020), Yang (2019) for recent discussions and Mackowiak, Matéjka,
and Wiederholt (2021) for a detailed review of this literature. More broadly, the paper is also related to the literature on
the effects of information rigidities and monetary policy (e.g., Lucas, 1972, Mankiw and Reis, 2002, Woodford, 2003b,
Reis, 2006, Nimark, 2008, Angeletos and La’O, 2009, Angeletos and Lian, 2016, Melosi, 2016, Baley and Blanco, 2019).

6Studying monetary non-neutrality with monopolistic competition under each of these frictions has a long history. For
information friction models, see Lucas (1972), Woodford (2003a). For random price adjustments in New Keynesian models,
see Woodford (2003b)’s review of that literature. For price adjustment under menu costs see, for instance, Caplin and Spulber
(1987), Golosov and Lucas (2007), Nakamura and Steinsson (2010).



Patterson, and Van Reenen, 2020, Covarrubias, Gutiérrez, and Philippon, 2020, Kwon, Ma, and Zimmer-
mann, 2021). My results suggest that these trends are also changing the landscape of monetary policy
by affecting the propagation of these shocks to real and nominal variables.

This paper is also related to the literature on incentives to learn about others’ beliefs in strategic
environments (Hellwig and Veldkamp, 2009, Myatt and Wallace, 2012). I depart from this literature
by focusing on an unrestricted set of available information and examining how the number of players
affects information acquisition incentives in a dynamic general equilibrium model. In that sense, the
paper is also related to Denti (2020), which studies unrestricted information acquisition with a finite set
of actions and states, and Hébert and L.a’O (2021), which studies large static games with more general

information cost functions.

2 Static Model

This section studies the effect of oligopolistic competition on expectations in a static model with analyti-
cal solutions. It shows oligopolistic firms pay attention to their competitors’ beliefs, leading to correlated
non-fundamental mistakes in equilibrium. While the main text focuses on the economics, Appendix C

provides a rigorous treatment with proofs of main propositions presented in Appendix C.9.

2.1. The Environment

There are a large number of sectors in the economy, indexed by j € J, each with K price-setting firms
that compete with one another. Firms’ profits depend on a fundamental shock, ¢~ N (0,1). Given ¢ and

prices, (Pl,m)(l,m)e Jx K> firm j,k experiences quadratic profit losses from charging a price p; ;.

Lii(@,(pin) Gryesxi) = pix—(1—a)q—ag=5 > pi0)°,
where a € [0,1) denotes the degree of wirhin sector strategic complementarity.” In Section 4, I derive
this loss function as a second-order approximation to firms’ profits and relate o to demand parameters.
Firms are rationally inattentive. They acquire information subject to a finite attention capacity and
choose a pricing strategy that maps their information set to a price. To understand firms’ incentives in

information acquisition, I model the information choice set such that firms can directly choose the joint

"Here, g and (p; 1) jes,kex can be interpreted as log deviations from a steady-state symmetric equilibrium.



distribution of their price with ¢ and others’ prices. While this is a well-known feature of single-agent
rational inattention problems, it is not immediately clear how this would work in a game-theoretic
setting. How can a firm directly acquire information about other firms’ beliefs in a simultaneous game?
Appendix C.1 formalizes the answer by constructing a rich set of available signals, denoted by S, as
the vector space generated by the fundamental ¢ and a set of countably infinite independent normal
random variables. As shown formally in the proof of Lemma C.2 in Appendix C.1, any deviation in joint
Gaussian distributions can then be generated by a random variable in this vector space. *

Therefore, a pure strategy for firm 7,k is to choose a set of signals, S; ; €S, and a pricing strategy

that is measurable with respect to the o-algebra generated by its signals, p; . : S; . — R. Given a strategy

profile for others, (S;,, €S)1.m)(;k), firm j,k solves:
2
ming; , csE [minpj,kssj,wRE [ (Pj,k (Sik) —(1=a)g—azg > Pj (Sj,l)> | SM] } (1)
st Z(S; ;a0 (Prm (Sim)) (m)2G.m)) <K

Here Z(.S; 1:q,(P1,m (Si,m) ) 1,m)(5,%)) is Shannon’s mutual information function and measures the amount
of information that firm’s signals contain about ¢ and others’ prices. Moreover, the constraint requires
that a firm cannot acquire more than ~ nats of information.” I start by assuming  is exogenous to study
how firms allocate a fixed x across ¢q and other firms’ prices. I relax this assumption starting in Section 2.4
to also study how oligopoly parameters affect the choice of « itself.

Definition 1. A pure strategy Gaussian equilibrium for this economy is a strategy profile (S;, C
S,pjk:Sjk—R)(jryesxx from which no firm has an incentive to deviate and (q,(p; ) (jr)esxx) has a
multivariate Gaussian distribution.

It can be shown that in all equilibria each firm observes only one signal, collinear with their price.”
Let us denote strategies with this property, where the signal recommends the optimal price generated
by its o-algebra: (S, €S,p;r=S5;), as recommendation strategies. Proposition C.1 in Appendix C.1
shows that all strategies are weakly dominated by feasible recommendation strategies. Thus, we can

focus on recommendation strategies without loss of generality.

8My definition of a rich information set corresponds to the concept of flexible information acquisition in Denti (2018).

Every nat is equal to log, () ~1.443 bits. For details about Shannon’s mutual information function see Appendix B.

10This extends the equivalent result in single-agent rational inattention problems to our game-theoretic setting (See, e.g.,
Steiner, Stewart, and Matéjka, 2017, Mackowiak, Matéjka, and Wiederholt, 2018, Afrouzi and Yang, 2019).
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It then follows that all equilibria are unique in the joint distribution that they imply for firms’ prices
and ¢, which is done in Appendix C.2. The optimality of recommendation strategies combined with
the uniqueness of the equilibrium in the joint distribution of prices and ¢ allows us to directly focus
on how firms’ prices are related to one another. Let p; ;, = S; , be the price that firm j,k charges in the

equilibrium. Proposition C.1 in Appendix C.1 further characterizes these equilibrium prices as:

Pik=AX((1=a)gtagg> P+ 2k Zik L (4:Sm1) mi£Gk) (2)

Elzx]=0, Var(zjx) =A(1-X\)Var((1-a)g+azzg>.050)
Where A =1—¢72" is a change of variables and has the interpretation of firms’ optimal Kalman gains
on their equilibrium signals. Moreover, z; ;, is noise in prices introduced by rational inattention. We
see that a larger capacity, x, increases the covariance of prices with ¢ and decreases the variance of the
rational inattention noise in the signal if the signal was normalized to be of the form “ideal price plus
noise.” However, note that x has a non-monotonic effect on the variance of the rational inattention noise
in the price itself, as seen in the expression for Var(z; ;) above. This is because higher « decreases the
noise variance in the normalized signals but also increases how much weight firms put on these signals

in setting their prices. Thus, the variance of the noise in prices is a U-shaped function of .

2.2. Economics of Attention Allocation

Rationally inattentive firms make mistakes in observing g—captured by z; ;, above—which affects their
prices and the profits of their competitors. This section shows that firms choose to have correlated
mistakes, which creates a wedge between their expectations of industry vs. aggregate prices.

Define a mistake as the part of a firm’s price that is orthogonal to ¢q. Then, any firm’s price can be

decomposed into its projection on ¢ and its mistake:
Pik=0q+vjrvrLq, J€R.

The vector (vj,k) jkesxk contains the mistakes of firms in the equilibrium, whose joint distribution is
determined endogenously. Importantly, these mistakes may not be independent across firms as managers
of competing firms optimally attend to others’ mistakes.

With Gaussian distributions, a firm’s attention to a shock—i.e., the mutual information between its in-



formation set and the shock—increases with the absolute correlation of the firm’s price with that shock.!!
Building on this, Appendix C.3 shows that when others play a strategy in which 153", pji=0q-+v;j 1,

firm 7,k’s problem can be recast into choosing two separate correlations:
v 2 2 — —2
maXPqZU,PvZOpq+1_36_5)pv s.t. pq+py§)\:1_e "

Here o, = \/m is the standard deviation of the average mistakes of j,k’s competitors, 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.

Proposition 1. In equilibrium, (1) Firms pay strictly positive attention to the mistakes of their competitors
(py>0)if a>0and K is finite. (2) Firms do not pay attention to mistakes of those in other industries:
V(5,k),(Im), if j#1, pjr L pim|q. (3) Firms’ knowledge of the fundamental increases in the number

of their competitors and decreases in the degree of strategic complementarity:
3Ps >0, 5205 <0. 3)
Firms pay strictly positive attention to the mistakes of their own competitors because they are affected
by them, but not to the mistakes of firms in other industries. Since mistakes are orthogonal to ¢, fixing
K, any attention to others’ mistakes has to be traded off with attention to the fundamental. With a larger
@, a firm’s profits depend more on competitors’ mistakes and the payoff of attending to these mistakes is

higher. Also, with a larger K, the average mistake of a firm’s competitors is less variable (o, is smaller),

which implies more competitive firms substitute their attention towards the fundamental ¢.'?

2.3. Comovement of Prices and Expectations

Conventional models relate firms’ prices to their expectations of aggregate prices. However, empirical ev-
idence on firms’ expectations shows that there is a disconnect between firms’ prices and their expectations
of aggregate inflation (Coibion, Gorodnichenko, and Kumar, 2018). The model in this section provides

an explanation for this disconnect by showing that, at least with high strategic complementarities, firms’

!'For two normal random variables X and Y with correlation p, Z(X,Y) = —£In(1—p?), which is increasing in p?.
12The proof of the Proposition 1 deals with the subtlety that o, is an equilibrium object and formalizes this argument.



prices are related mainly to their expectations of their competitors’ prices:

p=(1—)E"*[g]+ali*[p; 4]

The key notion here, as formalized in the proposition below, is that rational inattention with oligopolies

predicts a wedge between aggregate prices and firms’ average expectations of the aggregate price.

Proposition 2. 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—E*[pj ]| < [p—E>*[p]]
This result relies on firms’ incentives in paying attention to the mistakes of their competitors. In

equilibrium, the signals that firms observe are more informative of their own sector’s prices:
=4q. covaries with aggregate price

Sik= P +U]J'+€j,k 4)

(.

Vv
covaries with industry prices

where we have decomposed the mistake of firm j,k as v; , = u; +e¢; 5, where u; L pis the common mistake
in sector j and e; j, is the independent part of firm j,k’s mistake. Since Var(u;) # 0 (by Proposition 1),
this signal reveals more information about industry prices. Thus, oligopolistic firms are more informed
about their industry prices than the aggregate price, even without any idiosyncratic shocks.

Moreover, these optimal signals generate correlated posteriors such that firms cannot distinguish
between changes in fundamental ¢ and their competitors’ beliefs. Specifically, realizations of firms’
optimal signals inform them of changes to their desired prices but do not reveal the source of those
changes. Therefore, while an increase in g causes an increase in firms’ prices, the strength of a firm’s
response to such a change depends on how strongly its signal covaries with both ¢ and its competitors’
prices. This is similar to the mechanism discussed in Hellwig and Venkateswaran (2009), where firms
in a setting with exogenous information and a continuum of firms respond quickly to aggregate changes,
even though they are not as well-informed about aggregates. As such, it can be shown that in spite of
lower attention to ¢ when K is smaller, the number of firms does not directly affect the covariance of
aggregate price with the fundamental. Equation (C.6) in Appendix C.2 derives the aggregate price as

p=20gq in the symmetric equilibrium, where

§= A—a (5)



which increases with capacity through A and decreases with « but does not directly depend on K.

The independence of 6 from K is a direct consequence of firms’ correlated posteriors discussed
above. With more competitors, firms pay more attention to the fundamental ¢, but with a fixed &, this
increased attention to ¢ comes at the expense of reduced attention to competitors’ mistakes, which lowers
the covariance of their price with their expectation of their competitors’ prices. This is formalized in
the following proposition, which is proved and discussed in more detail in Appendix C.9.

Proposition 3. Fixing the information capacity «, higher attention to the fundamental ¢ is compensated
by lower attention to competitors’ mistakes, so much so that the covariance of aggregate price with the
fundamental is independent of the number of firms K.

The substitution channel in Proposition 3 is a general force, but the independence of d from the number

of competitors also relies on the fixed capacity assumption and the static environment. We investigate

the role of these assumptions by endogenizing capacity first and postponing dynamics to Section 4.

2.4. Endogenous Choice of Information Processing Capacity

So far, we have studied how oligopolistic firms allocate a fixed amount of capacity, x, as a function of the
oligopoly parameters a and K. In this section, I endogenize x and analyze how the oligopoly structure

affects firms’ optimal capacity, as well as the degree of monetary non-neutrality in the economy.
Optimal Information Capacity. Consider this extension of the firms’ problem in Equation (1):
min,; , >o {minsjykggE [minpj’kzgjykﬁRE [%B (pM(Sj,k) —Dj (Sj7,k)> ’ ‘ Sjyk:| ] —|—wmj7k} (6)
st T(S 130, (Pram (Stm) ) )£ Gi)) S Fjkr P51 (Sj—k) =(1=a) g+ g2, 4pi(S))
where, now, in addition to choosing S ;, firm j,k also chooses the capacity «;; > 0, subject to a cost
wkj k, where w >0 is a new parameter that captures the cost of producing capacity. Moreover, the new
parameter 3 > 0 captures the curvature of the firm’s profit function and is micro-founded in Section 4.

Since we have already solved what the optimal attention strategy of firms is for a given x, we can

plug in this optimal allocation and re-write the problem just in terms of x; x, derived in Appendix C.4:
. 1 o .
Krjilgo{§€ 2 ]’kB‘/},—k—{—w'%j,k} (7)

where V", is the unconditional variance of firm j,£’s ideal price given others’ strategies, p; L (S5 —k)-
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The coefficient e~2%5:* captures the notion that by choosing a higher capacity firms can reduce their
expected losses from mispricing, in proportion to the curvature of their profit function 5. Given the
equilibrium strategy of other firms, which determines V*_,, the optimal capacity x7  is:

k5= 3max{0,In(BV;"_, /w)} ®

2
Here, the max operator captures the possibility of the constraint «; ;, > 0 binding, which happens if the
cost w is too high relative to the expected losses from mispricing. Moreover, holding w fixed, the optimal
capacity 7, is increasing in the curvature of the firm’s profit function B and the volatility of the ideal

price V;'_,, both of which increase the firms’ expected losses from mispricing.

Equilibrium Capacity. To understand how 7, depends on the oligopoly parameters, we need to

—2+" is useful, where \* is

characterize V*_; and 7, jointly. As before, the change of variable \*=1—e¢
the optimal Kalman gain of firms on their equilibrium signals and increases with x*. Then, a symmetric

equilibrium is characterized by the following two equations, as derived in Appendix C.5:

x__ ( 1—a \2 K—1+a)\*
V _(1—0c>\*) K—1+a\* 1£;§* (9)
N =max{0,l - 5%} (10)

where we have dropped indexed j,k and j,—k due to symmetry. Here, the first equation gives the variance
of firms’ ideal prices as a function of their optimal capacities in a symmetric equilibrium. Moreover, the
second equation is a reformulation of Equation (8) in terms of A*, where again the max operator captures
the possibility of the constraint x >0 binding—in which case \* =1—e~2¢" =0,

Importantly, endogenous capacity can lead to a multiplicity of symmetric equilibria with either
A*=0or \* >0, as discussed in Appendix C.6. This is because strategic complementarity in pricing
introduces strategic complementarity in information acquisition, as discussed in Hellwig and Veldkamp
(2009), albeit in a setting with a continuum of agents.'* With high « or w, if a firm’s competitors choose
A* =0, then the value of information could fall enough that the firm itself has no incentive to deviate
from such a strategy. However, if w or « are small enough—precisely, if w < B(1 —«a)*Var(q), with

Var(q) normalized to 1 here—this does not happen and there is a unique equilibrium with A* > 0. In the

3While the setting in Hellwig and Veldkamp (2009) is different enough that making exact comparisons would require a
lengthier discussion, the information acquisition incentives that arise under strategic complementarities are similar. However,
the main focus here is to study how these incentives vary with K and affect the propagation of shocks.
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main text, I focus on this equilibrium because it is the closest to the one studied in the dynamic model.

Proposition 4. When w < B(1—a)*Var(q), there is a unique symmetric equilibrium where \* decreases

with w,a and K and increases with B.

A higher w increases the cost of information, leading to lower capacity £* and \* =1—e~2*". A higher
B increases the value of information due to higher curvature of the profit function, leading to higher \*.
Moreover, holding other parameters fixed, a higher « reduces the direct weight firms put on the funda-
mental and decreases the variance of firms’ ideal prices, lowering A*. Similarly, all else equal, a higher

K decreases the variance of firms’ ideal prices due to the law of large numbers and leads to lower \*.

Attention to the Fundamental. The relationship between A\* and K affects how firms pay attention to
the fundamental ¢q. Holding capacity constant, Proposition 1 shows that firms with more competitors
pay more attention to the fundamental because the law of large numbers reduces the average size of their
competitors’ mistakes, reducing the value of information on the margin. With endogenous capacity,
firms internalize this effect and opt for a smaller capacity, which reduces their total attention to shocks,
including q. However, it can be shown that this secondary effect is small for small values of w/B, and
attention to the fundamental, pjf, remains increasing with A in such as case. A more detailed discussion
of how pfﬁ varies with K can be found in Appendix C.7, and an intuitive representation is provided in

Appendix C.8 using the following approximation of pZQ in the unique equilibrium:

%2/ w at(l—a)(K—-1) w w
(%0, K) =1— =00t e L 0|14 1?) (1)

This expansion approximates pf in the unique symmetric equilibrium around the full-information
benchmark, i.e., w = 0. It is an appropriate approximation because the unique equilibrium requires
£ < (1—a)*Var(q) < Var(¢) = 1. Importantly, it shows that for small w/ B, attention to the fundamental

increases with K as well as B, and decreases with o and w.

Covariance of Prices with the Fundamental. Let us conclude this section by revisiting the covariance
of prices and the fundamental, ¢ in Equation (5), now under endogenous capacity. This equation shows
that, all else equal, the covariance decreases with a both directly and indirectly through \*, and decreases
with K indirectly through A\*. While we can use the predictions of Proposition 4 to perform these

comparative statics, a more intuitive way is to do an approximation of ¢ around the full-information
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benchmark, w =0, similar to the one used for pjf. As derived in Appendix C.8:

0*(4,0,K) = 1= s — 52 (5 )2+ O151P) (12)

This approximation accurately captures the comparative statics discussed, but it is also an appropriate
endpoint for our analysis of the static model. My approach so far has been to separately study the effects
of a, K, and w/ B, which has been helpful in isolating the mechanisms at work. However, this approach
ignores the micro-foundations of B and o. As we will see in the dynamic model, both o and B also
depend on K, creating a cascade of interactions through which J and monetary non-neutrality vary with
K. Armed with the intuition from the static model, I first provide some motivating evidence and then turn
to the dynamic model to study the implications of strategic inattention for the transmission of monetary

policy in a micro-founded setting.

3 Motivating Facts from Survey Data

Using the survey of firms’ expectations from New Zealand conducted by Coibion, Gorodnichenko, and
Kumar (2018), Coibion, Gorodnichenko, Kumar, and Ryngaert (2021), this section provides motivating
evidence for the predictions of the model in the previous section.'* Relative to previously documented
facts, (1) [ implement a new survey question that identifies the degree of strategic complementarity for

firms, and (2) document that firms with more competitors are less uncertain about aggregate inflation.

Number of Competitors and Strategic Complementarity. Two of the key parameters of the model
are the number of a firm’s direct competitors and the degree of strategic complementarity. Two questions
in the survey measure these within a representative sample.

The first question asks firms “How many direct competitors does this firm face in its main product
line?” Columns (2) in Table A.1 in Appendix A presents a breakdown of firms’ answers from the sixth and
eighth waves of the survey based on their industries. The average response in the sample is 8, which is also
fairly uniform across different industries. Moreover, Figure A.1 in Appendix A shows the distribution

of firms’ responses in the sixth wave, with 45% of firms reporting six or fewer direct competitors.

1%This survey was conducted in a random sample of firms with broad sectoral coverage. The data I use here is described
in detail Coibion, Gorodnichenko, and Kumar (2018), Coibion, Gorodnichenko, Kumar, and Ryngaert (2021) and is publicly
available in the published replication packages of those articles.
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As for the degree of strategic complementarity, I rely on the following survey question: '

“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 due to aggregate 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:

Answer to b.
7N\

pik=(1—)E"*[g]+aE " [p; . (13)
Answ‘e,r toc. Ansv;err toa.

The average o implied by the responses of firms to this question is 0.82 and fairly uniform across different
industries, as reported in Column (4) of Table A.1.!” Coibion, Gorodnichenko, Kumar, and Ryngaert
(2021) follow my approach here and estimate similar strategic complementarities. Appendix D also
examines the relationship between firms’ number of competitors and the degree of strategic complemen-
tarity and shows that while varying slightly and non-monotonically with K, the average o within equal

quantiles and deciles of K remains, on average, in the interval [0.8,0.9].

Uncertainty about Inflation versus Number of Competitors. We can also directly test the prediction
of the model that firms with more competitors should pay more attention to the aggregates. In the sixth
wave of the survey in 2016, firms were asked to report the distribution of their beliefs for aggregate
inflation: “Please assign probabilities (from 0-100) to the following ranges of overall price changes

in the economy over the next 12 months for New Zealand.” Firms were then asked to assign probabilities

5The challenge for estimating this parameter using price data is that it is hard to find exogenous variations in the prices
of a firm’s competitors that are not correlated with aggregates or the firm’s own costs. There has been some recent progress in
this area: Amiti, Itskhoki, and Konings (2019) use international shocks as instruments for shocks that only move competitors’
prices and provide estimates of strategic complementarities for Belgian manufacturing firms. More recently, Burya and
Mishra (2022) use the ACNeilsen Barcode Scanner data to estimate this object for the retail sector in the U.S.

161 am grateful to anonymous referees for pointing out the following caveats with the framing of this question. First,
the question takes it for granted that firms partially associate a change in the general level of prices with a change in their
nominal costs. This is a model consistent assumption but might not hold in reality. A more accurate framing would be to
propose a hypothetical scenario for an increase in nominal costs directly. Second, similar to the question about the number
of competitors, a more precise framing of this question should refer to firms’ direct competitors.

For reference, the usual calibration for the strategic complementarity in the U.S. in monopolistic competition models
is around 0.9 (see, e.g., Mankiw and Reis, 2002, Woodford, 2003b) which is slightly larger than what I estimate here.
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to a set of equally sized bins.'® To test the model’s prediction, I run the following regression:
log(a]) = Bo+ Pilog(K;) +€i, (14)

where o] is firm ¢’s subjective uncertainty about the aggregate inflation—i.e., the standard deviation

of their reported distribution for inflation—and K is the firm’s reported number of competitors.

Table 1: Subjective Uncertainty of Firms and the Number of Competitors.

(1) (2)
log(0™) log(o™)
log(K) 0116 -0.115

(0.012) (0.013)
Observations 1661 1661

Notes: Column (1) of 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. Column (2) reports the same coefficient
while controlling for firm age, firm size measured by employment in the main product line, and fixed effects for construction,
manufacturing, professional and financial services, and trade industries. Robust standard errors are reported in parentheses.

The model’s prediction translates to the null hypothesis that 3; < 0.'° Table 1 reports the result of
this regression and finds 3; <0 and significant. This result is robust to including firm controls such as
firms’ age and size (measured by employment in main product line) as well as industry fixed effects.

This relationship is not reconcilable with full information rational expectation models or, to the best
of my knowledge, other macroeconomic models of information rigidity prior to this paper, and indicates

the importance of strategic incentives in how much firms pay attention to aggregate variables.

Knowledge about Industry versus Aggregate Inflation. The model also predicts that firms are more
aware of their competitors’ prices than the aggregate price. In the fourth wave of the survey conducted in
2014, firms were asked to provide their nowcasts of industry and aggregate yearly inflation. Consistent
with this prediction, Table 2 shows that the average absolute nowcast error for industry inflation (1.16 per-
centage points) is lower than the average absolute nowcast error for aggregate inflation (3.50 percentage
points). Additionally, in Figure A.2 in Appendix A, we see that these distributions are oppositely skewed:

for nearly two-thirds of firms, their nowcast error for aggregate inflation is larger than the average error,

'8Firms were asked to assign probabilities to bins ranging from -25 percent to 25 percent with 5 percent increments. The
wide range is to avoid priming concerns, especially that firms assign positive probabilities to high inflation rates.

"In the model 072 = Var(q|S; ) = (1—p}?)Var(q), which is strictly increasing in firms attention to the fundamental,
measured by pZZ. Thus, the predictions of the static model for how pflz should vary with K translate to predictions about o7 .
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while the reverse is true for industry inflation.

Table 2: Size of Firms’ Nowcast Errors

Observations Industry inflation Aggregate inflation
mean std mean std

Industry (1) 2) 3) 4) (5)

Construction 57 0.62 0.51 4.55 2.75
Manufacturing 415 1.46 1.92 2.73 2.29
Financial Services 477 1.33 1.45 4.73 2.31
Trade 307 0.59 0.91 2.44 2.13
Total 1256 1.16 1.54 3.50 2.51

Notes: The table reports summary statistics for the size of firms’ nowcast errors in perceiving aggregate inflation versus indus-
try inflation for the 12 months ending in December 2014 (from wave 4 of the survey). Industry (aggregate) inflation nowcast er-
rors are defined as the absolute difference between firms’ nowcasts and the actual industry (aggregate) inflation rate in that year.

4 A Micro-founded Dynamic Model

This section micro-founds and extends the static model of Section 2 to a dynamic general equilibrium
model to quantitatively analyze the effects of strategic inattention for the propagation of monetary policy

shocks. Derivations, and proofs of propositions in this section, are included in Appendices F and H.

4.1. Environment

Households. The economy consists of a large number of sectors, j € J={1,...,J }. Each sector j consists
of K; > 2 firms that produce weakly substitutable goods, where K is drawn from a distribution K. The
representative household takes the prices of these goods as given and decides how much to demand from

each firm’s product. The aggregate time ¢ consumption of the household is

n

. =1y ot
C=Te Ol Ciu= (K e, Ok )" (15)
where C}, is the composite demand of the household for sector j, determined by a CES aggregator

with the elasticity of substitution 7 > 1.2 Moreover, the aggregate consumption, C;, is a Cobb-Douglas

aggregation of the composite goods across sectors. Therefore, the representative household’s problem is

maX((C]’,k,t)(j,k)eJxchthBt)?io Eg)cz;i[)ﬁt [1Og(0t) - Lt] (16)

s.t. Zj,kpj,k,toj,k,t‘f‘Bt <WiLi+(14i;-1)Bi1 +Zj,knj,k,t —T;

20 A more general aggregator can be considered here (e.g. Rotemberg and Woodford, 1992). I derive the implied demand
under a generic aggregator in Appendix F. Another specific case is the Kimball aggregator, which I discuss in Appendix G.

17



where ]E{ [.] is the full information rational expectations operator at time ¢,2! C} is the aggregate consump-
tion, L, is the labor supply of the household, B; is their demand for nominal bonds, WW; is the nominal
wage, i, is the net nominal interest rate, 11, ;, , denotes the profit of firm j,% at time ¢, and 7 is a lump
sum transfer that is used to eliminate long-run inefficiencies of imperfect competition.
The within-sector CES aggregator leads to the following demand function for firm j,k:
pn

(17)

Cikt=QiD(Pjri;Pj—ki), D(PjrsPj—ri)= J_Z—

lEK 7,0t
where (); = P, is the nominal aggregate demand, with P, denoting the price of the bundle C';. Moreover,
P; i+ 1s firm j,k’s price at ¢, and P; _;, ; is the vector of other firms’ prices in sector j. Furthermore, the

household’s intertemporal Euler and labor supply equations are given by:

Wi=Q:, 1=B(1+i,)Ef[5]
Firms. Firms are rationally inattentive. At each period ¢, given their information set from the previous
period, they choose which signals to observe from a rich set of available signals, S', subject to an
information processing constraint.”> At each ¢, firm j,k can choose its information processing with
a cost that is denominated in labor, where the real cost of producing every unit of capacity is wrs;
units of labor. Thus, if L’ 1 denotes the amount of labor that the firm 7,k uses for producing capacity,
then r; ., = (wrs;) 'L, . Here, w > 0 is the parameter that governs the cost of information, and
rs; = (JK;) " is the revenue share (or relative size) of the firm in the full-information symmetric equi-
librium. This implies that the nominal cost of producing capacity «;x is W, L! ,, , = Wiwrs;r; 1., where
W, is the nominal wage. Moreover, the assumption that the labor cost of information is proportional
to the firms’ relative size in the full-information benchmark (rs;) hinges on three reasons. First, it makes
the analysis consistent with the empirical evidence, since all the regressions presented in this paper about
strategic inattention and the references to the literature control for firms’ relative size. Second, from a
theoretical perspective, it makes firms’ rational inattention problems size-independent so that as we take
the monopolistic competition limit, information acquisition does not become infinitely costly for firms

(I will revisit this in more detail later when I derive a second-order approximation to the firms’ problem).

2ITo study the effects of rational inattention under imperfect competition among firms, I assume households are fully
informed about prices and wages, which is a common assumption in the literature (see, e.g., Melosi, 2016).
22See Appendix E for the formal specification of S*.
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Finally, in the absence of this assumption, information would be relatively more costly for smaller
firms to acquire, which is inconsistent with the evidence on how firm size correlates with attention—if
anything, larger firms are more inattentive to aggregate variables (Coibion, Gorodnichenko, and Kumar,
2018, Candia, Coibion, and Gorodnichenko, 2021).%3

After firms make their information choices, all new shocks and signals are drawn, and each firm
observes the realization of its signals. Firms then choose their prices conditional on their information
sets,”* after which demand for each variety is realized. Firms then hire enough labor to produce with
a production function that has decreasing returns in labor; Y; . , = (L%, ;) 7 and meet their demand.

Formally, a strategy for firm j,k at ¢ is to choose an information processing capacity conditional
on their initial information set, 1 ¢ : Sﬁl — Ry, aset of signals to observe, S;;,; CS', and a pricing
strategy that maps its information set to their optimal actions, Pj ;: 5’;7 . — R, where Sjt., e =1{Sjkr i
is the firm’s information set at time ¢. Given a strategy for all the other firms in the economy, firm 5,k

maximizes the net present value of their profits given their information set from the previous period:

maX{Sj,k,tCSt,Pj,k,t(S;k)vlij,k,t(sﬁcl)}tzo (18)

B2, B'Q7" (P, Yl ,—(1—8) Wy (Y4 )T —(1—8,)W, xwrs; X #£1.4)] S}

t=0 t gkt gkt JIVVINL 5kt AAR’ J Gkt )15k

H,—/ [\ — - ~~
discount factor revenue production cost cost of attention

st Y4 =QiD(Pjys;Pj—ks) (demand)
Z(S) k3 Qr, Prm,+(ST,) Q’S";#(J k) |S;7€1) <Kjkt (information processing constraint)
S}‘f, = Sﬁl US|kt Sj_k1 given. (evolution of the information set)

where Z(.;.) is Shannon’s mutual information function as before and the information processing con-
straint bounds the amount of information that the firm can acquire at time ¢ by its chosen capacity £ j ;.
Moreover, s; is a constant hiring subsidy to firms in sector j that eliminates the steady-state inefficiencies

from imperfect competition (see Gali, 2015, p. 73).%

23Similar assumptions are common in menu cost models. See, e.g., Gertler and Leahy (2008) where menu costs are
assumed to be proportional to firms’ relative size so that pricing decisions are size-invariant.

24Since my main objective is to examine the real effects of monetary policy through endogenous information acquisition,
I abstract away from other sources of monetary non-neutrality, and in particular, assume that prices are perfectly flexible.

*>Here, the presence of §; makes solving the model convenient by ensuring that all relative prices are the same in the
full-information economy but is not necessary, nor does it alter the economic forces at work.
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Monetary Policy and General Equilibrium. Following the literature, I assume monetary policy controls

the growth of nominal aggregate demand and model it as an AR(1) process with persistence p:*°

Alog(Q;) = pAlog(Qy—1)+u. (19)

Equilibrium. A general equilibrium is an allocation for the household, 2 ={(C; 1) jeskek, - L, Bi 20

a strategy profile for firms given an initial set of signals

F__ t p d 0o —1
Q" ={(Sj ke CS" Py ktsbjmts L] o 1Y) o iesker; U{S] k Yiesker;,

and a set of prices {i;,P;,W; }2, such that (a) given prices and QF', Q¥ solves the household’s problem in
Equation (16); (b) given prices and 2%, no firm has an incentive to deviate from Q'; (¢) {Q, = P,C;}32,

satisfies the monetary policy rule in Equation (19); (d) labor and goods markets clear.

4.2. Sources of Strategic Complementarity

Strategic complementarities are key for understanding how firms allocate their attention. Therefore, it
is useful to briefly discuss the sources of strategic complementarities in the model.

The first source of strategic complementarity is the sensitivity of optimal markups to prices in
oligopolies. It is well-known that CES demand with monopolistic competition implies constant demand
elasticities and markups. With oligopolies, however, the granularity of firms implies that any change in a
single firm’s price alters the distribution of demand across its competitors and affects demand elasticities.

The best response of a firm shows this relationship:

* € (1:”< wP',—’,) — 1 *
Pj,k,t: ED](DP]fiylz:Pj,ikj)t_l X (1_Sj>(1+7)Qt+VD( j,k,t?ljj,fk,t)v (20)

[\ J/
-~

marginal cost

optima??narkup
where P, , is the implied optimal price given ), and P; _ ;, and the optimal markup has the familiar

oo . Yt P :
expression in terms of the elasticity of a firm’s demand, € p (P 1, ), —k,) = — 55~ 72+ Asin Atkeson
VL) MELD)

and Burstein (2008), it is informative to write these elasticities in terms of firms’ market shares:

_ PV
ep(PjktsPj—kt) =n—n—=1)mjpe, Mjpe= —Zle;( P jf;]dl - (21)
g " sty

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

e It 1Y )

P P
w( Bkt 5kt = e (Pr Py k) =1 =1 =1 1—my iy

28ee, e. g., Mankiw and Reis (2002), Woodford (2003a), Golosov and Lucas (2007), Nakamura and Steinsson (2010).
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Moreover, one can derive the degree of strategic complementarity for a given set of prices by differen-

tiating the firm’s best response. To build intuition, let us start with the case of v =0:

dP* S wmi +dPs g ¢ ) P;
Jokit _ dQt 1—nm. 1M1t e e dQs 2
Pj*,lc,t "Y:O Q1 + ( 'l )mj’k’t ( Zl;«ékmi,l,t Qt ( 3)
— _ ~—

straiegic complementarity o oc price-change of others ~ change in wage

An important observation is that strategic complementarity 04]7;2 = (1—n"")m, x increases with the
firm’s own market share. But why should a firm’s price be more sensitive to competitors’ prices when
those competitors hold lower market share? This becomes more puzzling in an extreme case when a
single firm holds almost all the market with its market share approaching 1. Shouldn’t a firm that holds
almost all of the market simply disregard its competitors and act as a monopoly?

The answer relies on the structure of demand implied by CES preferences, where consumers reduce
a higher share of their demand with respect to a one percent change in the prices of a firm’s competitors
when that firm holds a higher market share. Thus, while a 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. Therefore, 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 —7~1.

In the other extreme, strategic complementarity disappears as m , : — 0. 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. This suggests
that the sensitivity of markups is not the sole determinant of complementarities across firms, and other
forces might be at work. I capture this in the model by introducing decreasing returns to scale in labor
(7> 0) as a second source of strategic complementarity.

Decreasing returns to scale (v > 0) creates complementarities because relative prices affect a firm’s

production through demand in the equilibrium and higher production leads to higher marginal costs

when v > 0.>” Repeating differentiation of best response but now with y >0, we obtain:

az‘;g:(1—7771)mj7k7t+(1—(1_7771)7"13'»"3»75) <1_ L (1—( = 2) )

1—n=Y)my k.t)

"This is a common approach in monetary models to generate strategic complementarities (see, e.g., Woodford, 2003b).
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Equation (24) shows that at high levels of market share, the strategic complementarity is mainly

driven by the sensitivity of the markup as in the case of v = 0. However, now when m; ;. , is small,

y(n—=1)

strategic complementarity remains positive and converges to -5 g

when m; ., — 0.
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,
which is a usual approach to remedy the curse of dimensionality in rational inattention models.?® I derive
this second-order approximation around the symmetric full-information equilibrium. Due to symmetry,
all firms within a given sector j have the same market share under full-information and charge the same

markup /1; over their marginal cost, (1—§;)@), given by Equation (22):
P =n(1-8;)Q:=QuVj € k€ K;t >0 (25)

where the second equality follows from §;=1— uj’l to eliminate steady-state distortions from market

power. Appendix F.2 derives a firm’s approximate problem under a general demand structure as:

{85,1,655,k,8-25,,¢ (S5 1) Fe>0 7 Z “ t( ) ]’k’t)J \-\]/-j | Ik
loss from mispricing cost of capacity
st pire=1—a)@+a;pj—ri(Sj—ks) (27)

(St -2 (ST PO S0 ) Sy St =Si USs 3 given,

where p; .+ = log(Pjx) and p; ¢ = ﬁzl#klog(Pjyl,t). Moreover, B; is the curvature of firms’
profit function in sector j around their optimal price. For a general demand structure, it has the form
J
Bj= %, which in the case of the demand function assumed here is given by
J

_ & n+y(n—(n—1)K; *)?
Bj = 1?3]_ - 1+'y z (28)

Note that firms’ losses from mispricing are proportional to their relative size, captured by rs;. Thus,
by assuming that the cost of capacity is also proportional to these revenue shares, the attention problem
becomes homogeneous in firms’ steady-state relative size, rs;. This allows the model to consistently
relate to the empirical evidence on strategic inattention, which controls for firm size.

Moreover, Equation (28) shows that the attention problem of firms depends on the oligopoly param-

BSee, e. g., Mackowiak, Matéjka, and Wiederholt (2018) or Afrouzi and Yang (2019) for a discussion.

22



eters only through the demand elasticity and strategic complementarity. This is similar to Wang and
Werning (2021), who find that these objects are sufficient statistics for how oligopolistic prices respond
to shocks under nominal rigidities.?” My results show that, up to a second-order approximation, these

objects are also sufficient statistics for the optimal information structure of oligopolistic firms.

Information Acquisition Incentives. This approximate problem captures the trade-offs that a firm
faces in information acquisition. The quadratic term models the benefits of information acquisition:
More information allows firms to charge prices that are closer on average to their full-information best
responses. This benefit is traded off with the cost of information processing capacity, the second term.

This cost-benefit analysis depends on the number of firms in an oligopoly through two channels.
First, the extent of losses from mispricing depends on the curvature of firms’ profit functions, B;. A
larger B; amplifies losses from mispricing and increases the benefits of information acquisition.*” As
Bj itself depends partly on K, the extent of losses from mispricing also changes with the number of
firms. Second, fixing 5}, a larger «; amplifies firms’ incentives to attend to their competitors’ mistakes
as discussed in the static model. Since o also varies with K, the number of firms also varies the strength
of strategic incentives through this channel. Therefore, how strategic inattention varies with /{; depends
on the relative importance of these two channels, which I will discuss further in Section 5.

Finally, the persistence of ¢; over time introduces a dynamic force as firms rely on their past signals to
infer the current value of ¢;. In the oligopoly, this leads to endogenously persistent mistakes, as firms’ past
mistakes feed into their current prices and motivate their competitors to pay attention to the time series
of their mistakes. Thus, dynamic incentives have two potential effects on information acquisition. First,
they affect the level of capacity production as firms internalize the continuation value of information.
Second, they affect how firms allocate their capacity between the fundamental and others’ mistakes. If
mistakes are endogenously less persistent than fundamental ¢;, then more patient firms will allocate a

higher portion of their attention to ¢;, since the continuation value of doing so would be larger.!

2Wang and Werning (2021)’s sufficient statistics are in terms of elasticities and super-elasticities of demand. I have
derived my approximation in terms of demand elasticity and strategic complementarity, which can be written as a function
of the other two. See the section on “General form of o in Appendix F for a derivation.

0There is evidence that supports this level effect. Coibion, Gorodnichenko, and Kumar (2018) document that firms with
a higher slope in their profit function around their optimal price have more accurate expectations about inflation.

3lSee, e. g., Steiner, Stewart, and Matéjka (2017), Mackowiak, Matéjka, and Wiederholt (2018), Miao, Wu, and Young
(2020), Afrouzi and Yang (2019) for an extensive discussion of dynamic incentives of a rationally inattentive agent.
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Solving for a Symmetric Stationary Equilibrium. Here, I briefly discuss the outline of the algorithm for
solving the model. A detailed explanation is included in Appendix J, which contains the following four
subsections. Appendix J.1 extends the notion of a pure strategy Gaussian equilibrium in Definition 1 to
the dynamic model. It also outlines the conditions that should hold in a symmetric stationary equilibrium,
where we require pricing strategies of firms to be stationary over time and symmetric within sectors with
the same number of competitors. Appendix J.2 then shows that characterizing such an equilibrium is
equivalent to finding a fixed point for the coefficients of lag polynomials that map monetary and mistake
shocks to firms’ equilibrium prices. Appendix J.3 then outlines the main algorithm that I use to solve
for this fixed point based on integrated moving average approximations of equilibrium prices. Finally,
Appendix J.4 outlines an alternative algorithm that uses an ARMA approximation as in Mackowiak,
Matéjka, and Wiederholt (2018) and shows that the two algorithms yield numerically identical solutions.

To briefly outline the solution method, the model’s solution is a joint Gaussian stochastic process
for all firms’ prices and the nominal demand that satisfies the equilibrium conditions. Given a guess for
the joint process of prices and nominal demand, I derive the implied strategy for a firm’s competitors
in a symmetric stationary equilibrium,*> which then implies a stochastic process for the “ideal prices”
of firms in Equation (27), whose processes are inputs to firms’ rational inattention problems.

I then approximate the processes for these ideal prices with an integrated moving average projection
on monetary shocks (where the integrated part is included to account for the unit root in nominal demand)
to derive a Markov state space representation. Moreover, strategic inattention implies that the process for
a firm’s ideal price depends also on the non-fundamental shocks (mistakes) to their competitors’ prices.
With dynamics, these mistakes are persistent, and their auto-covariance structure is endogenous to the
equilibrium. Incorporating these requires extending the conventional solution methods for monopolistic

competition rational inattention models to allow firms to pay attention to endogenous non-fundamental

32 Here symmetry requires that all firms in sectors with /' competitors have the same strategies for information acquisition
and pricing decisions. Moreover, a stationary strategy is one where a firm’s beliefs and prices depend on time only through
that the history of its signals. A stationary equilibrium is then a pair of initial information sets under which all firms’ best
responses are stationary strategies. Similar to Mackowiak and Wiederholt (2009), one could interpret such information sets
as ones where, after solving their inattention problem under the equilibrium strategy of others, all firms receive an infinitely
long sequence of signals such that their own best responses are to use stationary strategies. Focusing on stationary equilibria
allows us to avoid dealing with time-varying impulse response functions or transition dynamics of second-order moments
of beliefs. See Appendix J.1 for a precise definition and discussion of a symmetric stationary equilibrium.
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shocks. To do this, I augment the state space of a firm’s ideal price with the moving average (MA)
representation of the firm’s competitors’ mistakes and solve for the endogenous distribution of these
mistakes over time as part of the fixed point problem described above.

With this approximated Markov state space representation of ideal prices at hand, I then use the
method in Afrouzi and Yang (2019) to solve the firms’ rational inattention problems, which is fast enough
to make the solution of the model with K € Supp(K) (a total of 43 values) and several iterations of w
for calibration feasible. Given this solution, I then solve for the stochastic processes of the firms’ beliefs
and prices. Doing this for all K in the support of K, I then derive the new guess for the joint stochastic

process of firms’ prices and iterate until convergence to the fixed point.**

A Special Case with a Closed-Form Phillips Curve. In general, the equilibrium signal structure of
firms does not admit a closed-form representation. However, we can characterize optimal signals in
closed-form when firms are myopic in information acquisition (8 =0) which is useful for intuition.

Proposition 5. 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 5 =0, the optimal signal of firm j,k at time ¢ is
Sjet=(1=0;)@+0pj -1t (S] i) +ejn

This expression for optimal signals illustrates the main departure of this paper from models that
assume a measure of firms. Since firms are granular in an oligopoly, mistakes propagate through the
inclusion of p; ;¢ in firm j,k’s signal and result in the excess correlation of prices beyond what is
implied by shocks to ¢, as discussed in the static model. We can also derive a closed-form expression
for the Phillips curve when there is no heterogeneity in the number of competitors across sectors (these
assumptions are made for illustrative purposes and I revert to the general case in the calibrated model).

Proposition 6. Suppose 3 =0 and K; = K,Vj € J for some K € N. Then, o;; = ,Vj € J and in the

33In contrast to the static model, which had multiple equilibria with both zero and positive capacity, the dynamic model
cannot have any equilibria with zero capacity. This is because the process for ¢; has a unit root, meaning that given a
strategy with zero capacity, the variance of any given firm’s ideal price grows unboundedly as long as « < 1 (see the proof of
Proposition 6 for a more formal argument in that case). This implies that at some point, this variance would be large enough
for the firm to deviate from this strategy, regardless of what its competitors do. As a result, firms must choose a positive
capacity in the stationary equilibrium of the game, which is similar to the unique equilibrium in the static model when w/B
is small relative to the unconditional variance of ¢ (normalized to 1).
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stationary equilibrium ;5 ; =~ > 0,Vj € J,k € K. Moreover, the Phillips curve of this economy is

= (1= )E [Agi] +aB]Y )] +(1—a) (e = 1)y,
where /" [Aq,] is the average expected growth of nominal demand at t — 1, E*, [x; _1.,] is the average

expectation across firms of their competitors’ price changes, and y; is the output gap.

This Phillips curve indicates that in economies with large strategic complementarities, the main
driver of inflation is firms’ expectations of their competitors’ prices. As Proposition 5 shows, a larger
« means firms learn more about their competitors’ prices relative to aggregate demand. Therefore, when
a is large, not only are firms’ expectations of their competitors’ prices the main driver of inflation but
these expectations are also formed under information sets that are more informative of those prices.

Additionally, the slope of the Phillips curve shows how these strategic complementarities and the
capacity for processing information interact in affecting monetary non-neutrality in this economy. The
higher capacity of processing information makes the Phillips curve steeper, such that in the limit when
r — 0o (which arises endogenously when w — 0), the 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 decisions (Woodford, 2003a). Thus, to understand how the number of
competitors, K, affects the slope of the Phillips curve, we need to investigate how « and « jointly change

with K, which I will come back to in detail in Section 5.3.

4.4. Calibration

The model is calibrated to the firm-level survey data from New Zealand at a quarterly frequency, with
a discount factor 5 = 0.96/4. A calibration to US data might be desirable, but a main objective of
quantifying the model is to examine if it fits the relationship between competition and firms’ expectations
about aggregate inflation, the evidence for which comes from the New Zealand survey data.** The key
and new parameters are the distribution of competitors, /C, and the cost of attention w. Other parameters
are externally calibrated, as presented in Table 3 and discussed in more detail in Appendix [.1. In

particular, based on Equation (24), I choose ~y to match the degree of strategic complementarity measured

341n addition, to calibrate the model to the US data, 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 the best of my knowledge
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from the survey data in Table A.1. Moreover, for the distribution of K;, denoted by K, I choose it to

match the empirical distribution of the number of competitors in the survey data (Figure A.1).%

Table 3: Calibration Summary

Parameter Description Value Moment Matched

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

w Cost of attention 0.037  Weight on prior in inflation forecasts
n Elasticity of substitution 12 Elasticity of markups to 1/(1— K- h
1/(147)  Curvature of production  0.514  Average strategic complementarity

) Persistence of Ag 0.707 Persistence of NGDP growth in NZ
Oy Std. Dev. of shockto Ag  0.011  Std. Dev. of NGDP growth in NZ

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

To calibrate w, I target the weight that firms put on their priors in their inflation forecasts, as in
Wiederholt (2015). This approach identifies w because, with larger w, firms’ signals in the model are less
accurate, leading firms to rely more on their priors in their forecasts. The fourth wave of the New Zealand
survey asks firms about their yearly inflation forecasts and their inflation nowcasts for the previous year
in waves one and four. These waves were conducted 12 months apart (2013:Q4 to 2014:Q4), allowing
for the comparison of ex-ante and ex-post beliefs for the subset of firms present in both waves. Using

this data, I run the following regression for this calibration:
E; +[m:] = constant+0E; ;_4[m;] +error (29)

where 9 is the coefficient of interest.

Column (1) of Table A.2 in Appendix A reports the baseline estimates for this specification, while
Column (2) controls for firms’ different beliefs about long-run inflation rates (Patton and Timmermann,
2010).%¢ I calibrate by targeting the coefficient in Column (2) using the same regression on simulated
data, resulting in w = 0.037. Figure A.3 in Appendix A shows that w is identified as the regression

coefficient d increases with w within the model.

35 As far as I know, there is no data available on how many competitors firms directly face in their market for the US. It
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.

3The exact question about long-run inflation is “What annual percentage rate of change in overall prices do you think
the Reserve Bank of New Zealand is trying to achieve?” Matching the coefficient that controls for this response is the
model consistent approach because in the model all firms have the same long-run inflation forecast. Also, this is the more
conservative calibration of w as matching the coefficient in Column (1) would imply a larger value for the cost of attention.

27



To see how this value compares to the estimates of information rigidity in the literature, we can
compare the implied Kalman gain of firms in the model with the documented values in the literature
for professional forecasters. The average firm in this model has a Kalman gain of 0.49 as seen in
Figure A.4, higher than the estimated value of 0.45 for Professional Forecasters in the US (Coibion and
Gorodnichenko, 2015). This suggests that firms in the model are more informed about their optimal
prices than professional forecasters are about aggregate inflation, but they exhibit large degrees of
information rigidity in inflation forecasts because their optimal signals are less informative of inflation

than it is of their optimal prices.

4.5. Examining Non-Targeted Moments: Subjective Uncertainty in the Model

Can the calibrated model replicate the strategic inattention of firms observed in the data? Table 1 shows
that firms’ uncertainty about aggregate inflation decreases with the number of their competitors. This
relationship is not consistent with benchmark models without rational inattention and oligopolistic

competition but emerges endogenously in this model with strategic inattention incentives.
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Figure 1: 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 aggregate
inflation and the number of their competitors. The dots show the binned scatter plot of log-standard deviation of firms subjective
beliefs of the 12-month ahead forecast of aggregate inflation against the number of competitors in data (Table 1). The black line
depicts this relationship in the calibrated model. Subjective uncertainty in the model is calculated as the standard deviation of
firms’ beliefs about the full information rational expectations 12-month ahead forecast of inflation. The average subjective un-
certainty is normalized to one in both the data and the model. This relationship was not targeted in the calibration of the model.

Figure 1 shows this relationship both in the model (the solid line) and the data (binned scatter plot).*’

The model accurately reproduces the decrease in subjective uncertainty with the number of competitors.

37T have normalized average uncertainty both in the data and in the model to 1.
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Both the heterogeneity in the number of competitors and endogenous information acquisition are key for
this relationship: the former creates the differential incentives for information acquisition, and the latter
is essential for the endogenous variation in information acquisition. Figure A.4 in Appendix A shows
the equilibrium level of firms’ information acquisition and their implied 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 capacity towards aggregate shocks. As a result, more competitive

firms have more accurate posteriors about aggregate variables.

S Macroeconomic Implications

In this section, I investigate the aggregate and reallocative implications of strategic inattention for
propagation of monetary shocks to inflation and output. To do so, I consider three measures. To measure
monetary non-neutrality, following Nakamura and Steinsson (2010), I use the variance of output (nor-
malized by its natural level).*® To measure the persistent effects of monetary shocks, I use the cumulative
half-life of output and inflation responses (time until the area under the impulse response reaches half
of its full cumulative response). Finally, to compare reallocative effects of policy across sectors, I use
the cumulative response of output (see, e.g., Alvarez, Le Bihan, and Lippi, 2016) defined as the area

under the output IRF of sectors with different numbers of competitors.

5.1. Aggregate Effects: Monopolistic vs. Oligopolistic Competition

I start by comparing the calibrated model to a monopolistic competition model, nested when K; — oo.

To define the proper monopolistic competition benchmark, it is important to ensure it has the same
level of strategic complementarity as the calibrated model, so that the only difference between the two
models is firms’ strategic inattention; i.e., the only difference in impulse responses comes from the
different signals firms choose in the two models.* This is because we know from previous research

that higher strategic complementarities amplify monetary non-neutrality (see, e.g., Ball and Romer,

38Up to a second-order approximation to the household’s utility, the variance of output normalized by its natural level
is proportional to her welfare loss in consumption equivalent units (Lucas, 2003): E [1og(Yt / }7)] ~— %var (%) .

3 Firms in the oligopolistic model pay direct attention to the mistakes of their competitors, but firms in the monopolistic
competition model, similar to Woodford (2003a), only pay attention to the fundamental shocks. There is, however, a
difference between the shape of signals in the monopolistic competition here with those in Woodford (2003a), which assumes
S;.k,+ =q:+noise. Here, signals under monopolistic competition are linear functions of innovations to g: (plus noise), but

the exact linear combination is an endogenous object that is solved for as a fixed-point.
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1990)—Section 5.3 discusses this in more detail. To generate the same strategic complementarity in the
monopolistic competition model, I replace the within-sector CES aggregator of the oligopolistic model
with a Kimball aggregator, which introduces a new parameter that allows me to calibrate the two models
to the same strategic complementarity while keeping other parameters the same (see Appendix 1.2).
The first two rows in Columns (1) and (2) of Table 4 report the absolute and relative variance of
output across the two models, respectively.*’ Output is 28% more volatile in the benchmark model,
indicating that firms in the monopolistic competition model are more informed about aggregates due
to the lack of strategic inattention motives. Column (4) shows output response is also 9% more persistent
in the benchmark model: as reported in Column (3), it takes 3.72 quarters for output to reach its half-life

in the benchmark model as opposed to 3.40 quarters in the monopolistic competition model.

Table 4: Output and Monetary Non-Neutrality Across Models

Variance Persistence
Model var(Y) *10" amp. factor half-life 1S amp. factor
(1) (2) (3) (4)
Monopolistic Competition 3.17 1.00 3.40 1.00
Benchmark K~K 4.07 1.28 3.72 1.09
2-Competitors K =2 4.69 1.48 4.14 1.22
4-Competitors K =4 4.14 1.30 3.78 1.11
8-Competitors K =38 3.99 1.26 3.65 1.07
16-Competitors K =16 3.94 1.24 3.60 1.06
32-Competitors K =32 391 1.23 3.57 1.05
oo-Competitors K — 00 3.89 1.23 3.55 1.04

Notes: The table presents statistics for monetary non-neutrality across models with different numbers of competitors at
the micro-level. var(Y’) denotes the variance of output conditional on monetary shocks multiplied by 10%. Half-life denotes
the length of the time that it takes for output to live half of its cumulative response in quarters. Amp. factor denotes the
factor by which the relevant statistic is larger in the corresponding model relative to the model with monopolistic competition.

The first two rows of Table 5 compare the behavior of inflation across these models. Inflation is
smaller and more persistent in the model with strategic inattention. Columns (1) and (2) show that
inflation is 6% less volatile compared to the model with monopolistic competition. Column (3) shows
that it takes inflation 4.42 quarters to reach its cumulative half-life in the monopolistic competition
model, compared to 4.66 quarters in the benchmark model, a 5% increase as reported in Column (4).

Figure A.5 in Appendix A also presents the impulse response functions of output and inflation in

40Magnitudes in Column (1) 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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Table 5: Inflation Across Models

Variance Persistence
Model var(r) x10? damp. factor half-life 9 amp. factor
(1) (2) (3) (4)
Monopolistic Competition 1.47 1.00 4.42 1.00
Benchmark K~K 1.37 0.94 4.66 1.05
2-Competitors K =2 1.28 0.87 4.83 1.09
4-Competitors K =4 1.36 0.93 4.68 1.06
8-Competitors K =8 1.39 0.95 4.64 1.05
16-Competitors K =16 1.40 0.95 4.62 1.05
32-Competitors K =32 1.41 0.96 4.62 1.05
oo-Competitors K — 00 1.41 0.96 4.61 1.04

Notes: The table presents statistics for inflation response across models with different number of competitors at the micro-level.
var(r) denotes the variance of inflation conditional on monetary shocks 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 factor by
which the relevant statistic is smaller (larger) in the corresponding model relative to the model with monopolistic competition.

the two models along with those of a duopoly model, showing how monetary non-neutrality is amplified

and inflation response is dampened with strategic inattention.

5.2. Reallocative Effects and Concentration Multipliers

I continue my analysis by investigating the differences in inflation and output responses across sectors
with different numbers of competitors. To do so, I conduct two analyses. First, I compare the output
volatility of sectors with different numbers of competitors to the same monopolistic competition model
as before. Second, I compare the output response of different sectors to the response of aggregate output

in the same model, focusing on the relative differences within the same economy.

Output Volatility Conditional on Number of Competitors. How do output and inflation responses
differ across sectors for different values of K ? Table 4 reports output volatility and amplification factors
relative to the model with monopolistic competition. Monetary non-neutrality is larger, and output
response is more persistent in sectors with fewer competitors. For instance, in the duopoly model, output
volatility is 48% larger and the cumulative half-life of output is 22% longer. Table 5 reports the equivalent
results for inflation. Inflation response is more muted and its half-life is longer in sectors with fewer
competitors. In the duopoly case, for instance, the variance of inflation is 13% smaller than the model

with monopolistic competition, and its cumulative half-life is 9% longer.
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Concentration Multipliers. As prices are less responsive to aggregate shocks in sectors with fewer
competitors, monetary shocks have also reallocative effects across sectors. A natural exercise to measure
the magnitude of these distortions is to calculate what share of the total output response is driven by
the firms with fewer competitors. Formally, let ), denote the average cumulative impulse response of
log-output to a one standard deviation monetary policy shock in sectors with & competitors, and let )

denote the cumulative impulse response of aggregate output:

V=B [Z2577 log(Vio) | K =k], V=523 log(Vy) (30)
It is then straightforward to derive the relationship between these aggregate and sectoral responses
as )y = ZZ’ZQ sV, wWhere s; is the steady-state market share of sectors with £ competitors. We can
now define the concentration multiplier of sectors with k competitors as the ratio M, = 57~ These
concentration multipliers capture reallocative effects because they would be equal to one for all £ if
there was no heterogeneity in output response. However, with heterogeneity, it measures the share of the

cumulative response of output in sectors with k£ competitors relative to the aggregate output response.

Concentration Multiplier
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Figure 2: Concentration Multipliers

Notes: The figure shows the concentration multiplier as a function of the number of competitors. Concentration multiplier of
k is defined as the cumulative response of output coming from sectors with k& competitors relative to the aggregate cumulative
response of output. Less competitive sectors are responsible for a higher share of output response relative to their steady-state
market share.

Figure 2 plots these multipliers for different numbers of competitors and shows that less competitive
sectors respond more strongly to monetary shocks in their output. For instance, duopolies have a 17%

larger output response to monetary policy shocks relative to the aggregate output response.
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Thus, expansionary monetary policy concentrates production among less competitive firms, in-
creasing the impact of such firms on the economy.*! It is important to note that more competitive firms
contribute less to output response despite having higher strategic complementarities. Conventional
models with exogenous information rigidity, such as Woodford (2003b), show that higher strategic
complementarities lead to higher monetary non-neutrality. The results here show that endogenous
information acquisition reverses this result in a calibrated model through strategic inattention. The

following section explains and decomposes the roles of each of these forces in the model.

5.3. Inspecting the Mechanism: Strategic Inattention vs. Strategic Complementarities

The number of competitors affects both the degree of strategic complementarity and the amount of
capacity produced by firms. Thus, the degree of monetary non-neutrality across sectors with different
K is the sum of two separate forces: (1) The well-known real rigidity channel that alters monetary
non-neutrality through the degree of strategic complementarity, and (2) The new strategic inattention
channel that alters monetary non-neutrality through information acquisition and utilization.

In the calibrated model, these two forces work in opposite directions. As discussed in Section 4.5,
firms with more competitors allocate a higher amount of attention to aggregates and their prices move
more swiftly in response to monetary shocks, which dampens their output response as a result. Hence,
monetary non-neutrality decreases with competition through the strategic inattention channel.

On the other hand, the degree of strategic complementarity in Equation (24) increases with the num-
ber of competitors in the calibrated model, which is depicted in Figure A.6 in Appendix A. Therefore,
by fixing the capacity of processing information, a larger number of competitors increases monetary
non-neutrality through higher strategic complementarities. Specifically, higher strategic complementar-
ity amplifies non-neutrality by putting a larger weight on firms’ higher-order beliefs, whose responses to

shocks are more rigid (See, e.g. Woodford, 2003a, Nimark, 2008, Mackowiak, Matéjka, and Wiederholt,

“IMore competitive firms have more flexible prices so in response to expansionary (contractionary) monetary shocks they
adjust their prices faster and their output falls (increases) relative to less competitive firms. Thus, in response to contractionary
shocks prices (markups) of more competitive firms fall relative to those of less competitive firms, which, in relative terms,
reallocates labor towards more competitive firms (who are the firms with lower steady-state markups in the model). This is
consistent with the evidence presented in Baqaee, Farhi, and Sangani (2022). Using Compustat data, they find that “a contrac-
tionary shock leads high-markup firms to increase their markups relative to low-markup firms; the result ... is a reallocation
of resources away from high-markup firms and toward low-markup firms,” (Baqaee, Farhi, and Sangani, 2022, p. 40).
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2018). To verify this mechanism within the model, Figure A.7 in Appendix A shows the IRFs of firms’
higher-order beliefs to a 1% increase in nominal demand for three different values of /. With larger
K, the responses of higher-order beliefs are smaller and more persistent, indicating that monetary
non-neutrality increases with the number of competitors through the real rigidity channel.

To better understand the separate roles of these two channels, below I present three complementary
analyses. First, [ decompose the effects of these channels on the variance of output and inflation and show
that, while both channels are significant, the strategic inattention channel dominates. Second, given the
micro-foundations of this section, I revisit the static model where I can derive analytical expressions for
these channels, which provide further insight into their relative importance. Third, I redo the quantitative
analysis of the model under an alternative specification where strategic complementarities decrease with
K and find that while the strategic inattention channel is mitigated in this case, it continues to amplify

monetary non-neutrality with lower K.

Quantitative Decomposition in the Calibrated Model. To decompose the effects of these two opposing
forces in the calibrated model, let us define a( K') to be the degree 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 o, (o( K ), /) denote the output variance in the model where every sector has &’ competitors.
The first argument 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 inattention channel). Then, we can decom-

pose the difference in monetary non-neutrality of the two extreme models (/' =2 versus K — 00) as

2 2 2
. o (a(2),2) \ _ 1. o, (a(2),2) . oy (a(2),K)
th_molOg(oZ(a(K),K) limg oo log @)K +limg_,log 3 @)K 3D
A g N o A >y
Vv Ve vV
total percentage change due to percentage change due to
percentage change strategic inattention real rigidities

Column (1) of Table 6 shows the results of this decomposition. Output variance is 18.6% larger with
K =2relative to K — oo (percentage difference here is calculated as the log-difference from Table 4).
Once decomposed to its two contributing factors, decreasing the number of competitors from K — oo
to K =2 increases monetary non-neutrality by 78.5 percentage points due to the strategic inattention

channel and decreases it by 60.0 percentage points through the real rigidity channel. As for inflation,
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Table 6: Decomposition: Strategic Inattention vs. Real Rigidities

Percentage change
in variance of

output inflation
(1) (2)
Total Change (percent) 18.6 -9.7
Due to Str. Inattention (ppt)  78.5 -19.8
Due to Real Rigidities (ppt)  -60.0 10.1

Notes: The table shows the decomposition of the effects of the strategic inattention and real rigidity channels for the change
in volatility of output (monetary non-neutrality) and inflation conditional on monetary shocks, as derived in Equation (31).

Column (2) of Table 6 shows that decreasing the number of competitors from K — oo to K =2 decreases
the variance of inflation by 19.8 percentage points through the strategic inattention channel and increases

it by 10.1 percentage points through the real rigidity channel.

Analytical Decomposition in the Static Model. To further examine the relative importance of these
two channels, here, I revisit monetary non-neutrality in the static model of Section 2.4 using the
micro-foundations derived in this section. The detailed derivations can be found in Appendix K.

To begin, let us denote the average price of oligopolies with K competitors as pg, and their average
output as the difference between nominal demand and their average price, yx = q¢ — px. Then, it
follows from Equation (5) that the response of output to a monetary shock is given by 0y /0qg=1— .
Moreover, the variance of output is also related to this object as Var(y) = (1 — dx)?Var(q). Thus,
differentiating this response with respect to /', we can formalize the role of these two channels on how

monetary non-neutrality changes with the number of competitors:
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Channel A: Real Rigidity Channel B: Strategic Inattention

OK(ayK/aq)zﬁK(l—éK): aKOéK— 8}{)\]{ (32)

Where we have indexed o i, A with K to note that both of these objects vary with K. The first term in the
expression above captures the real rigidity channel: holding information processing capacity fixed, higher
strategic complementarity increases monetary non-neutrality. The second term captures the strategic
inattention channel: holding strategic complementarity fixed, higher information processing capacity
decreases monetary non-neutrality. Since A is itself an endogenous object, the question of how the two

channels interact condenses to how A varies with /. To answer this question, recall from Equation (10)
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that in an equilibrium with positive capacity, \x =1— where V¢ 1s the variance of firms’ desired

BrVy v*
prices and B is the curvature of a firm’s profit function in an oligopoly with K" competitors, respectively.

Moreover, as shown in Equation (28) and derived for a generally specified profit function, the curvature

K
By isitself a function of firms’ demand elasticities €5 and strategic complementarity ax: Bx = 152}( .

Thus, the second term in Equation (32) can be further decomposed as:

— K 1
8}()\[{—(1—)\[()( GKln(aD) —+ 1_aK8KaK + 8K1H(Vi§) ) (33)
——
change in B through elasticity change in By through o change in variance

Taken together, Equations (32) and (33) show that changes in ax have two effects in monetary non-
neutrality. First, directly, it increases monetary non-neutrality through the real rigidity channel. Second,
indirectly, it decreases monetary non-neutrality by increasing the curvature of firms’ profit functions,
which in turn increases the information processing capacity of firms.

To further simplify the expressions above, let us consider the first-order Taylor expansion of the
equilibrium of the static model in Section 2.4 around the full-information benchmark (w=0), as derived

in Appendix C.8. Re-writing Equation (32) with this approximation, we obtain:

pass-through on B elasticity on Bx
——
2
8K(8yK/8q): WE)KQK —WaKOZK aKln(gp) +O(H H ) (34)
N K
Channel A (first-order effects of w) Channel B (ﬁrst-order effects of w)

A key observation is that up to this first-order approximation, the direct and indirect effects of how
strategic complementarity changes with K (Ox ax) fully offset each other. In other words, while a higher
a i increases monetary non-neutrality through the real rigidity channel, this effect is offset up to the
first order of w through the higher information acquisition of firms as a/x increases the curvature of their
profit functions. Thus, the only relevant first-order factor is how % changes with K:

>0
—_——N—

Orc (D /04) = — % Oxchn(= ) +O (| 2211 (35)

Since more competitive firms have higher demand elasticities and lower markups, as shown in Equa-
tion (22), the total first-order effect is negative and monetary non-neutrality decreases with K .*?
Finally, it is useful to note that while the sign and magnitude of O« do not matter for how K affects

monetary non-neutrality up to first-order, they do matter for the contribution of the strategic inattention

“2For recent empirical evidence on how demand elasticities decrease with market share (1/K in the model), see, e.g.,
Burstein, Carvalho, and Grassi (2020), Burya and Mishra (2022).
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channel. In particular, a negative O v decreases the contribution of the strategic inattention channel
to the decline of monetary non-neutrality with & by reducing the curvature of firms’ profit functions to
K and dampening the sensitivity of firms’ information acquisition to /. My next exercise is to illustrate

this by solving the dynamic model when o x decreases with /.

Alternative Specification of Strategic Complementarities. While the analytical results from the static
model give us insight into how the real rigidity and strategic inattention channels interact and change
with the sign of Ok ak, they do not provide a quantitative assessment of the relative importance of these
channels when strategic complementarities decrease with K; especially since we only considered the
first-order effects of w/B. It is possible that the interactions may be more complex in the dynamic
model or that higher order effects of w/By may be important. To address this concern, I solve the
dynamic model when o decreases with K with Atkeson and Burstein (2008) preferences.

This exercise is described in detail in Appendix L. In summary, its results confirm the intuition
developed from the analytical decomposition of the two channels in the static model. First, Table L..3
shows that despite the negative sign of O avx, monetary non-neutrality still decreases with K, consistent
with Equation (34) and the increasing demand elasticities with K in this model. Second, as expected
from Equation (33), a negative O a i reduces the curvature of firms’ profit functions as K increases,
dampening the strength of the strategic inattention channel. However, this effect is not strong enough
to fully counteract the effect of changes in demand elasticity on firms’ capacity production. As shown
in Figure L.1, capacity still increases with /&, albeit with a small slope. Finally, Table L.3 presents the
decomposition of Equation (31) in this case and shows that both channels work in the same direction

to decrease the degree of monetary non-neutrality with a negative Ox ok .

5.4. Additional Robustness Exercises

Before concluding, I briefly mention four additional robustness exercises that are explored in more
detail in the appendices. I solved the model by approximating firms’ problems in Equation (26) around
a symmetric equilibrium and my solution method relies on the symmetries implied by this approach.
Appendix M.1 discusses and speculates on the role of asymmetric market shares. In Appendix M.2, I

examine whether the persistence of the growth rate of nominal demand affects the results by resolving
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the model for p=0.23 and find similar results to the benchmark calibration. Appendix M.3 investigates
the interaction of dynamic and strategic incentives in information acquisition by calibrating the model to
a lower discount factor and finding that strategic motives become stronger when firms are more myopic.
Finally, Appendix M.4 discusses how sector or firm-level idiosyncratic shocks may impact the results

of the model, and solves a numerical example with sector-level shocks.

6 Concluding Remarks

This paper develops a new model to study how imperfect competition affects firms’ information acquisi-
tion and expectations. 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 acquire more information and pay direct attention to the beliefs of their competitors, an incentive that
is stronger when they have fewer competitors or higher strategic complementarities in pricing.

The model’s implications for monetary non-neutrality and inflation dynamics speak to recently
documented trends in rising concentration and market power. These results suggest that with more
concentration, monetary policy is more potent and its real effects are stronger. Furthermore, the
reallocative effects of strategic inattention imply that this change in potency is not uniform across all firms.
These heterogeneous effects introduce new distortions to relative prices that might lead to new sources
of misallocation and, more broadly, to efficiency loss, which should be of interest for future research.

Moreover, in tracking their competitors’ beliefs, firms ignore aggregate shocks, and, as a result,
their beliefs about aggregate variables are more inaccurate and noisy than the beliefs that feed into their
prices. Thus, firms’ expectations about aggregate variables are no longer the appropriate measures for
their decisions with oligopolies. These results are informative for surveys that aim to connect firms’
expectations to their decisions: under oligopolistic competition, there’s a wedge between firms’ relevant
expectations for their prices and their aggregate inflation expectations. These expectations are relatively
unimportant for firms and do not have much impact on their pricing decisions.

Furthermore, the results in this paper have implications for policies that target expectations. 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. Oligopolistic firms do not directly
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care about aggregate inflation and are mainly concerned with how their competitors’ prices respond to
shocks. Thus, any communication about aggregate variables will be discounted accordingly.
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 expectations 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

Table A.1: Number of Competitors and Degree of Strategic Complementarity

Observations Number of Competitors Strategic Complementarity
Mean Std. Dev. Mean Std. Dev.

Industry (1) (2) (3) (4) (5)
Accommodation and Food Services 153 10.634 7.428 0.833 0.390
Agriculture, Forestry, and Fishing 1 32.000 . 1.000 .
Basic Chemical and Chemical Product Manufacturing 46 6.304 5.193 0.831 0.405
Beverage and Tobacco Product Manufacturing 32 9.844 6.624 0.755 0.537
Construction 206 7.083 5.415 0.858 0.383
Fabricated Metal Product Manufacturing 109 8.459 5.933 0.731 0.561
Financial and Insurance Services 413 9.075 6.672 0.809 0.440
Food Product Manufacturing 135 9.689 7.546 0.769 0.467
Furniture and Other Manufacturing 90 8.889 5.954 0.721 0.531
Information Media and Telecommunications 54 6.093 5.235 0.824 0.353
Machinery and Equipment Manufacturing 214 7.794 5.804 0.816 0.491
Non-Metallic Mineral Product Manufacturing 25 9.880 5.215 0.833 0.395
Petroleum and Coal Product Manufacturing 8 7.000 5.757 0.821 0.374
Polymer Product and Rubber Product Manufacturing 56 6.732 5.011 0.836 0.397
Primary Metal and Metal Product Manufacturing 18 6.278 5.839 0.781 0.413
Printing 58 8.621 7.684 0.824 0.421
Professional, Scientific, and Technical Services 407 7.990 6.064 0.839 0.424
Pulp, Paper and Converted Paper Product Manufacturing 16 4.875 3.739 0.873 0.359
Rental, Hiring, and Real Estate Services 121 9.702 6.196 0.837 0.485
Retail Trade 316 9.285 6.044 0.798 0.449
Textile, Leather, Clothing and Footwear Manufacturing 97 9.144 6.801 0.746 0.517
Transport Equipment Manufacturing 46 8.130 6.962 0.923 0.221
Transport, Postal, and Warehousing 197 7.746 5.458 0.860 0.482
Wholesale Trade 175 7.223 5.596 0.817 0.427
Wood Product Manufacturing 79 8.544 5.991 0.854 0.372
Total 3072 8.449 6.273 0.817 0.445

Notes: The table presents the raw (unweighted) summary statistics for the number of competitors and the degree of strategic complementarity in the survey data
from New Zealand for different industries using firms’ responses in the sixth and eighth waves of the survey (Coibion, Gorodnichenko, and Kumar, 2018, Coibion,
Gorodnichenko, Kumar, and Ryngaert, 2021). Column (1) shows the number of observations within each industry. Columns (2) and (3) report the mean and the
standard deviation of the number of competitors that firms report they face in their main product market. Columns (4) and (5) show the mean and the standard deviation
for the degree of strategic complementarity from Equation (13).
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Figure A.1: Distribution of the Number of Competitors

Notes: The figure presents the raw (unweighted) distribution of the number of competitors that firms report they face in their
direct product market in the sixth wave of the survey from New Zealand. The numbers over bars denote the percentage of
firms within the corresponding bin. Firms with more than 30 competitors are omitted in this Figure but not in the calibration
(less than 1 percent of firms report they have more than 30 competitors; the maximum number of competitors reported is 42).
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Figure A.2: Distributions of the Size of Firms’ Nowcast Errors

Notes: The figure presents the raw (unweighted) distribution of the size of firms’ errors in perceiving the aggregate and
their industry inflation in the fourth wave of the survey (Coibion, Gorodnichenko, and Kumar, 2018). The dashed vertical

lines denote the means of these distributions.
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Table A.2: Calibration of Cost of Attention (w)
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Figure A.3: Sensitivity of 6 to Cost of Attention (w) Nores: The table reports the result of regressing firms’
nowcasts of yearly inflation on their forecasts of yearly

Notes: The black line shows the predicted value of § from jfation for the same horizon reported a year before. The
the regression specified in Equation (29) in model generated ¢oefficient on the lagged forecast captures the weight that
data as a function of w. The blue dot shows the equivalent ;g put on their priors and increases with the degree of
estimate in the New Zealand data from Table A.2. information rigidity. Column (1) reports the result with no
controls. Column (2) controls for the firm’s expectation of

long-run inflation. Robust standard errors are in parentheses.
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Figure A.4: 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 in the calibrated model. The right panel shows the model implied 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.
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Figure A.5: 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 benchmark model where the
distribution of the number of competitors in the model is calibrated to the empirical distribution in the data (Figure A.1).
The dashed lines show the impulse responses in the model with monopolistic competition. The dash-dotted lines show the
impulse responses in duopolies. Plotted impulse responses are interpolated over a finer time grid for better visual depiction.
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Figure A.6: Strategic complementarity as a function of .
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 a higher degree of strategic complementarity.

The dash-dotted line shows the average degree of strategic complementarity weighted by the calibrated distribution of the
number of competitors to the survey data as described in Table 3.
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Figure A.7: 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 de-
mand across three different models. For any given order (n), firms’ n order beliefs in economies with a larger number of com-
petitors are more responsive to the shock. This is driven by the fact that firms in more competitive economies acquire more infor-
mation about the aggregate shock. Plotted impulse responses are interpolated over a finer time grid for better visual depiction.

47



B Mutual Information and Data Processing Inequality

In this paper, following the rational inattention literature, I use Shannon’s mutual information function
for measuring firms’ attention. In the case of Gaussian variables, this function takes a simple form: if

X and Y are two Gaussian random variables, then the mutual information between them is given by

Z(X;Y) = 3In( d‘iffg’l‘g) ), where ¥ x|y is the variance of X conditional on Y. Intuitively, the mutual
information is bigger if the Y reveals more information about X, captured by a smaller det(X x|y ). In
the other extreme, where X and Y are independent variables, > x|y =X x and the mutual information
between them is zero, Z(X;Y") =0. In other words, when 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 use in this Appendix is the data processing inequality. The

following Lemma proves a weak version of this inequality for completeness.

Lemma B.1.Let X —Y — Z be a Markov chain. Then Z(X;Y) >Z(X;Z).

Proof. The inequality follows immediately from the chain rule of mutual information:*
I(X;(V,2)=Z(X;Y)+Z(X;Z|Y)=Z(X;2)+Z(X:;Y |Z)
Since X 1 Z|Y, we have Z(X;Z|Y) =0. Thus, Z(X;Y) =Z(X;Z) + T(X:;Y|Z) > T(X;Z). n
—_———

>0

C Formalizing the Static Model

This section formalizes the static game in Section 2. The Appendix is organized as follows. Appendix C.1
briefly discusses how the problem of oligopolistic firms relates to the problems studied in the previous
literature and concludes by proving the feasibility and optimality of recommendation strategies for the
static game with exogenous capacity. Appendix C.2 shows that for a given exogenous information pro-
cessing capacity the equilibrium is unique in terms of the joint distribution of prices and the fundamental
(¢). Appendix C.3 derives an intuitive reinterpretation of a firm’s attention problem that is discussed
in Section 2. Appendix C.4 derives firms’ best responses for the optimal capacity in the model with
endogenous information processing capacity. Appendix C.5 derives the equilibrium values of optimal
capacity in the endogenous capacity model. Appendix C.6 discusses the conditions underlying multiple
equilibria with endogenous capacity and provides intuition for why multiple equilibria arise in this setting.
Appendix C.7 discusses how firms’ attention to the fundamental varies with the number of competitors
in the model with endogenous capacity. Appendix C.8 derives first and second-order approximations
to equilibrium objects in the endogenous capacity model. Finally, Appendix C.9 contains the proofs

of propositions and corollaries for the static model.

4For a formal definition of the chain rule see Cover and Thomas (2012).
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C.1. Optimal Signals in Gaussian Settings: From Single-Agent Problems to Games

This section formalizes the static game with exogenous capacity, as introduced in Section 2, and
briefly discusses how well-known results for static single-agent rational inattention problems in Linear-
Quadratic-Gaussian settings can be extended to this game. We start by defining the set of available signals,
S, and the set of strategies of firms in the static game, .A. The section concludes with a proposition that
proves the feasibility and optimality of recommendation strategies in this game and shows that the optimal
signals in the game take the well-known form of “ideal price plus noise,” as in single-agent problems.
To set the stage for the analysis of the static game, consider a firm j,k’s problem in Equation (1) for

a given strategy of its competitors, ¢ = (Sjm € S,pim 1 Stm — R) (1,m)2(,k):
2
ming, , csE minpj,k:Sjykﬁ\RE[(pj,k(sj,k)_p;k(g)> ‘Sj,k:H (C.1)

st Z(S5ki0 (Pram(Stm) ) wm) 2 G.0) < K
where p},.(¢) = (1 —a)g+ad ;. pji(S;i(s)) is the ideal price of firm (j,k) given . Note that with
the distribution of p; , (¢) given under g, the problem above is identical to a single-agent static rational
inattention problem that have been extensively studied in the literature (see, Mackowiak, Matéjka, and
Wiederholt, 2023, for a review). It is known that, in such problems, optimal prices are sufficient statistics
for optimal signals, and if pj () ~N(0,0%), these optimal signals are proportional to the form “ideal
price plus noise:”
p;k( ;k) = S;,k = )‘p;’,k (<) +Z;,kv Z;‘k,k J—p;,k (s), Var(z;,k) =A(1- )‘)02’ A=1—e

(For such a single-agent problem see, e.g., Mackowiak, Matéjka, and Wiederholt, 2023, Section 2.3.2).

However, extending this result to a game-theoretic setting requires an assessment of the assumptions
under which it is derived: In particular, while the distribution of pj , () is exogenous to the problem of
the agent, it is endogenous to the game and our assumptions above on its distribution need to be derived
as results in this setting. To do so, I first formally define the set S and the set of strategies for the game,

and then state the equivalent of the result above for the game in Proposition C.1.

Definition (Rich Set of Signals). Let B = {q,e;,€s,... }, where ¢ is the fundamental and e;’s are i.i.d.
standard normals that are orthogonal to each other and ¢. Define the set S as the vector space of generated

by B over the field of real numbers, i.e.,
N
S={aog+_aieq(),N €N, (a;)y CRY (o(i)), CN}. (C.2)
i=1
Definition (Strategy Sets). A strategy for firm 7,k is to choose a finite vector of signals .S ;, € S"*, where

n; . € N is the number of signals that the firm chooses to observe, and a pricing strategy p; ;. :.S;r — R
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that maps the firm’s signal vector to a price.** Thus, the set of firm j,k’s pure strategies is
A e ={<klsin=(Sjr €S"* p,x:Sjr—R)n; €N}
Moreover, the set of pure strategies for the game is A={<|c= () jresx i ,Sjk € Ajr,Vjk € J X K}.
With the definition of S and strategies in .4 at hand, we can prove the following Proposition.
Proposition C.1. Suppose ¢ = (S} 1,0 x(Sjk)) (j.k)esx k € Ais an equilibrium. Then,
1. Feasibility of Recommendation Strategies: The strategy <(<) = (p;x(Sjx),1)(jx)esx k—Where 1
denote the identity map—is also in \A.
2. Optimality of Recommendation Strategies: Given g, each firm j,k is indifferent between ¢; 5 (¢) =
(pji(Sjk),1) and g, = (S} k.p; .k (Sjk)). Moreover, optimal signals under <; (<) are proportional
to the form “ideal price plus noise:”

Pik(Sie) = A} (S)+ 25k €k L (@D (Stm)) m)ik): Var(z;r) = A(A—1)Var(p)

Proof of Part 1: Feasibility of Recommendation Strategies. The following lemma formalizes Part

1, establishing the feasibility of recommendation strategies.
Lemma C.1.If ¢ = (S; 1, € S™* p; 1 : Sj ik = R)(j ryesxx € Ais an equilibrium, then V(j,k), p; x(Sj k)

isitself a signal in S.
Proof. A necessary condition for < to be an equilibrium is that V( J.k)€e (J X L)

Ik
which leads to the following first order condition: p5 , (S ) = (1—a)E[q|S; | +aE[p;(S;)|S; ], where
a= Tj: K > < L and p}(S;) = K'Y kP51 (S5 1) Tterating this forward, we arrive at
M
* . ~ ~m m ~ M 1 *
Py (S = lim ((1-)) a"EJ[ql+a" B p;(S)))
m=0

where ]Eﬁolz lq|=E[g|S; ] is firm j,k’s expectation of the fundamental ¢, and Vim > 1,

B )= SRR

leK

is firm j,k’s m™ order higher order belief of its industry’s average expectation of the fundamental.
Similarly E(MH) [p3(S;)] is firm j,k’s M +1" order belief of their industry price. Since & < 1, the later
term in the limit converges to zero (as long as firms’ expectations of their own industry prices are not

explosive under the strategy ¢ which is formally ruled out by Footnote 44) and we have:

Pl(Sin) =(1— aZ&mE]k . (C.3)

4 As a technical assumption, we further assume that pricing strategies are L?-integrable with respect to the measure
generated by the corresponding signals—i.e., [|p; x(2)]*G(dz) < co where G is the Gaussian distribution generated by
S,k €S. This guarantees that both unconditional and conditional expectations of firms of their competitors’ prices under
a given strategy is well-defined and finite.
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Now, it only remains to show that ]EYZ) [¢] is linear in S}, for all m, which can be shown by
induction. Notationwise let Vj, k, let ¥, 5., = Cov(S;x,q) = E[gS],]. Also given j, k, VI # k,
Y508, = Cov(Sjk, Sji) = E[S;,57,] and Xg,, = Var(S;x) = E[S;57,]. Now, for m = 0,
Egolz lq] = Elq|S;x] = Eq,sj,ngJ}k S; k» which implies that 0™ order expectations of firms are linear

in their signals. Now suppose V.l Egnf) lq]=A;,(m)'S;, for some A, ;(m)eR". Thus,

!/

m+1 — —
E§ ¢ >[q] =K1 (Aju(m) +zl¢kAj ()55, 55, ) S
m 1) — — i 1
which shows that the (m+ 1)‘h order expectation is linear in Sj,k.“ Since this holds for all m, it follows

that p; (S} x) is a linear function of S; ;.. Since S is closed under linear combinations, this implies that

p;r(S;k)isin S, where

Pik(Six) =E[(1—a)q+ oz 2005 (S50)]S4] (C.4)
Furthermore, letting pj ;. () = (1 —a)q+ gty >-,,.051(S51), we can see that p (<) is also a linear

combination of signals in S, and thus pj , (<) €S has a Gaussian distribution. [

Proof of Part 2: Optimality of Recommendation Strategies. In order to confirm that recommendation
strategies are optimal, we need to consider firms’ deviations from an equilibrium strategy to other feasible
strategies in their strategy sets. To do so, we first introduce the notation that formalizes such deviations
inA,.

Suppose ¢ € A is an equilibrium. Let p(g; ;) denote the optimal price of firm j,k under the given
strategy (which is in S by Part 1). Also, let ¢_; ») = <\, denote the vector of the strategies for the
competitors of firms j,k. Finally, let 6, . (s_ ¢ x)) = (¢,(0(Sj1) )ik (P(Smin) Jmjne k) denote the vector
of prices other than j,k augmented with the fundamental ¢, and define:

=(l-o, 7525 00,0 )

K 17" K—1° sUgeeey .
——

K—1times (J—1)xK times

Given this notation, firm j,k’s problem is to consider deviations from ¢ in A, ;, to solve

min L (Sas—(.0)) S E[(0(S6) = W05k (—(5.1))) 1S (0] (C.5)

$i k€A K
st Z(S(Gk)ibn(o—ip)) <
where S(S; ) denotes the signals in S that j, k observes under the strategy <;;, and given the joint
distribution of (S($jx),0x(s—(jk))), the mutual information is defined in Section B. Notice that since
w'0; 1 (S—(jk)) is a linear combination of prices of other firms and the fundamental—all of which are in
S by Part 1 of the proof—it has a Gaussian distribution that firm j,k takes as given. Thus, the problem
above is identical to a single-agent rational inattention problem as in the previous literature cited at the

beginning of this section, with one difference: In single agent problems, the objective is minimized over

“Here, I have assumed & S is invertible, which is without loss of generality: if 3; 1, is not invertible, since all signals
in S ;, 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.
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the set of joint distributions, whereas here, we are considering deviations in the strategy space of firm j,k.
However, since we have defined this strategy space to be rich enough, the following lemma proves that
these deviations are equivalent to choosing a joint distribution as in single agent problems by showing
that the equilibrium strategies are weakly dominated by recomendation strategies.

Lemma C.2. For any j.k € J x K, Vs = (¢ 1,5~ (jr)) € A that is an equilibrium, firm j,k is indifferent
between g, and S, = (p; x(<),1) € A, ;. Moreover, optimal prices are proportional to the form “ideal
price plus noise:”

pix(s) =A((1— Oéq+a—ngz N+2iks 2k L (@D1m(S)) (tm) k)
1£k

1
Var(zj,,g):A(1—A)Var<(1—a)q+aﬁzpj,,(g)), A=1—¢ 2"
Tk
Proof. Given ¢ € A, let ¥, = Var(S(gx)), Xo, 0 = Cov(0r(s—_(jx)), S(sjx)) and Xy, =
Var(0;x(s—(jx))). Moreover, since < is an equilibrium, then by Part 1, pricing strategies are linear

and are given by:
Pis($) = WE[Bj k(s (1) |S (i) = W0, ;B S (k)

Now, define $; ;, = (p;x(s),1) which is a strategy in A, ;, by Part 1 (as p; ;(s) € S because it is a finite
linear combination of the elements of .S; 5, and S is rich). We have

Lk (Sess— (i) =W'Var(0; . (s— 0[S (Gj6) ) W=w'3g, ; Ww—wW'Sg . S5 w.

Sk 051,55,k
so that j,k’s losses under both strategies are equal:
L (SerS— iy ) = W'V ar(0 (< () )|87.)W = L p (S5~ (1.0))-
Moreover, since p; (<) is a linear function of S i, 6;x(s—(jk)) L Pj(<)|S(sjk). Therefore, by the
data processing inequality in Lemma B.1, Z(p; 1 (<):0;1(s—jk))) SZ(S(Sjk)5056(S— (k) < K. S0 g
implies the same losses as ¢; . for firm j,k and consumes weakly less capacity. So it weakly dominates
G;% for firm j,k. On the other hand, (g x,5—(j %)) is an equilibrium, which means that ¢; ;, should weakly
dominate all other strategies in 4, ;, including <; ;. So the firm must be indifferent between the two.
Also, note that the joint distribution of prices and the fundamental ¢ is the same under both strategies.
Now, to characterize the shape of optimal signals, consider a strategy (s, € S,1) € A;, and let
1‘2 y/

Yy Yo,
case that p; , =W'E[0; 1 (s k)| Sj6] =2 *W'ys; ;. Thus,

=Var((s;4,0;k(s—(jx))))- First, recall that for (s; €S,1) to be optimal, it has to be the

=w'y.
Now, given s; ; € S, the firm’s loss in profits is Var(w'6; ;(<_(jx))|5;x) = W' g, , W — 2~ *(W'y)? and
the capacity constraint is $In(|T— x*QZe_j’lkyy’D > —Kk& x*2y’29_j’1ky <A =1-e"?F. Moreover, by
2 /

richness of S, we know that for any (z,y) such that [ vy

>0, there is a signal in S that creates
y 2o,

52



this joint distribution.*® Therefore, we let the agent choose (x,y) freely to solve

fnir)l W'Yy w—z }(wy)® st x’Qy’Ee_jlkyg)\, ?=w'y.
x7y ’

The solution can be derived by taking first-order conditions, but a more direct approach is to use

Cauchy-Schwarz inequality 2 —2(w'y)? =2%( gjykw)’(Z;jiy) <z (W'Y, W) (y’Z;j’lky). Thus,
WSy, w—a(W'y)? > (W', W) (1—2%y'Sy, ,y) > (1-N) WSy, W,

We now show that our proposed signals in Part 2 of the proposition attain this global minimum. From the

1
properties of the Cauchy-Schwarz inequality, we know it holds with equality if and only if :z:_lEG]?ky =

Co2 (i_’k w for some constant cy. Therefore, there is a unique vector z 'y that attains the global minimum of
the agent’s problem given their constraint:z 'y = ¢ Y, , W. Now, noting that the the capacity constraint
should bind at the optimum (otherwise we can decrease the losses further by making signals more precise),
observe that cp=, / ﬁ Together with 22 = w'y, this gives us the unique (z,y):y = A, W, o=
\/m . Finally, notice that the set p; 1. (<) (ks x i as defined in Part 2 of Proposition C.1, gen-
erates these distributions—as Cov(p;x(<),0;.1 (- (j,x))) = AXo, , W, and Var(p; (<)) = Aw'Y,y,  w—and

all of its elements are in S because it is closed under finite linear operations. [ |

C.2. Uniqueness of Equilibria in the Joint Distribution of Prices and the Fundamental

In Proposition C.1, we demonstrate that if a strategy is an equilibrium, then every firm is indifferent
between ¢ and a recommendation strategy that directly proposes the implied price under ¢ to the firm.
However, this does not guarantee the existence or uniqueness of equilibria. In this section, we address the
existence and uniqueness of equilibria through the following steps. First, we show that any equilibrium
¢ € A is equivalent to an equilibrium among recommendation strategies in a sence that we precisely
define below. Next, we characterize a unique equilibrium among recommendation strategies to prove
uniqueness up to this equivalence relation.
Definition 2. Let £ = {¢ € A|¢ is an equilibrium} denote the set of equilibria for the game. We say
{1,652} C € are equivalent and write ¢; ~¢ ¢, if they imply the same joint distribution for prices of firms
and the fundamental. Formally, ¢; ~¢ 62 if (¢,0;.1(S1)) jkesx i ~ G if and only if (q,p; x(S2))jkesxx ~G.
Note that this is clearly an equivalence relation as it satisfies reflexivity, symmetry and transitivity
by properties of equality.
Lemma C.3. Suppose ¢ = (5}, € R™* p; .- S; r = R) € A is an equilibrium. Then, the recommendation
strategy (<) = (p;x(s),1) as defined in Proposition C.1 is equivalent to ¢: $(5) ~¢ 5.

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 iteration process for all firms: from previous

To see why, pick e € B such that e L 6} ;(s; _1). Such e exists because there are countably many infinite elements
in B but 0; 1 (s_(; x)) load only on finitely many of them. Then, let s = y’Egji 0;k(S—(jk)) +ey/22—y' Yy, y. Note
that the term inside the square root is positive by positive semi-definiteness of (z y’;y Xy, , ). Itis easy to verify that
(8,05, (S—(j,k))) is distributed according to this matrix.
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section, we know firm 1,1 has a strategy ¢; ; = (51,1 €S,1) that is equivalent to ; ; given ¢. Create a new
strategy "' = (¢1,1,5-(1,1)). We know that ¢! 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 as discussed in the proof
of Lemma C.2, ¢; ; does not alter the joint distribution of prices and g. Now notice that ¢blis also an
equilibrium because (1) firm 1,1 was indifferent between ¢; ; and ¢; ; and (2) the problem of all other
firms has not changed because 1,1’s price has the same joint distribution with their signals under both
strategies. Now, repeat the same process for firm 1,2 given ¢! and so on. At any step given ¢/* repeat
the process for j,k+1 (or j+1,1 if k= K) until the last firm in the economy. At the last step, we have

JK

¢ = (Sjk)jkesx i €A, whichis (1) an equilibrium and (2) implies the same joint distribution among

prices and fundamentals as . u

Having shown that any equilibrium is equivalent to one among recommendation strategies, we now

show that the later is unique.

Lemma C.4. Suppose the degree of strategic complementarity is strcitly less than 1, € [0,1). Then,
the quotient set £ / ~¢ is non-empty and a singleton, i.e., all equilibria of the game are equivalent under

the relationship in Definition 2.

Proof. We show this by directly characterizing the equilibrium. From the previous lemma, we know
that any equilibrium is equivalent to a recommendation strategy. Suppose that (s;‘ o 1)jkesxx € Als an
equilibrium among such strategies, and notice that in this equilibrium, every firm sets their price equal to
their signal, p; x = s7 ;.. Also, Proposition C.1 showed that in this equilibrium, signals are of the following

form:
1

ij,l + 25,62k L (@:Pmn) (mon) (k)
1k
where Var(z; ;) =A(1—\)Var((1—a)q+ O‘ﬁZl;ﬁkpj,l) . Now, we want to find all the joint distributions
for (q,p; k) kesxk that satisfy this rule. Since all signals are Gaussian, the joint distributions will also be
Gaussian.

To derive this distribution, we start by characterizing the covariance of any firm’s price with the fun-
damental. For any industry 7, let p; = (p; r)ker and z; = (2; 1) kex L g. Moreover, for ease of notation, in
this section, let 7 = 7. Now, the equilibrium condition implies p; = A(1—a)1g+ Aoy (11 —=I)p;+ z;

where 1 is the unit vector in R¥, and I is identity matrix in R *¥ (therefore 11’ —1I is a matrix with zeros

on diagonal and 1’s elsewhere). With some algebra it is straightforward to show that Cov(p;,q) = ’1\:;\3 1.
Thus, in any equilibrium, the covariance of any firm’s price with the fundamental ¢ has be to equal to
A=A\
0= C.6
11—l (€.6)

Next, we show that the prices of any two firms in separate industries are orthogonal conditional on the fun-

damental. Let p; be the vector of prices in industry j as defined above. Pick any firm from any other indus-
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try {,m € J x K,l # j. Notice that by the equilibrium conditions z; is orthogonal to p; ,,,. Now, notice that

Cov(pjpim) =A(1—a)1Cov(q,prm) +Aay (11 =T)Cov(p;,prm) +Cov(zj,prm)-
75 _" 0

With some algebra, we get Cov(p;,pim) = 621 = Cov(p;,pi.m|q) = 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 derive the joint distribution of prices within industries. We have p; =B (A(1—
a)lg+ z;) where B = 1+(11MI + (1+a)\o'éy))\(71—o¢)\) 11'. This gives p; = d1qg+ Bz;, where Bz; L ¢. 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 3, ; = Cov(z;,2;) and £, ; = Cov(p;,p;). We have &, ; = 6?11+ BX, ;B'.
Also, since 2 i, L pj 2k, we have D;=Cov(p,,2;) = BX. ; where D; is a diagonal matrix whose k’th
element on the diagonal is Var(z; ;). From the equilibrium conditions we have
Var(zjx) = M1=M\Var((1-a)g+a7) pj)
1k
= M1-N)(1-a)* + 1=\ a*y* W, 2, jwi+2X (1= a(1—a)d
where wy, is a vector such that wip, =5, 41Pjp- This gives K linearly independent equations and /&
unknowns in terms of the diagonal of D ;. Guess that the unique solution to this is symmetric. After

some algebra, we get that the implied distribution for prices is such that

1—a 1—a) A
Var(pj,k): a~)‘71627vj7k;(COV(pj,kvpj,l): a~ —(52,Vj,k,l7é]€, (C7)
1—al l—aX A
where A= iig;’i

Thus, any equilibrium should have the same distribution of prices and fundamentals derived in this

proof, which concludes our proof of existence and uniqueness. [ |

C.3. Reinterpretation of a Firm’s Attention Problem

This section presents an alternative formulation of the firms’ attention problem, where they maximize
their payoffs by choosing the correlation of their prices with the fundamental and the mistakes of their
competitors. This alternative formulation is mathematically equivalent to the equilibrium characterized
in the previous section, but provides additional economic insights about firms’ incentives.

Take any firm j,k € J 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 attention to mistakes of firms in
other industries (Cov(p; x,P1.m|¢)1£; = 0). Now, take a strategy g; _, for other firms and decompose
the average price of others under this strategy to its projection on ¢ and the part that is orthogonal to
@ Dj—1(Sj—k) = g 212kPi(S50) = 0q+; . Furthermore, let o) = Var(v; 1) be the variance of the
average mistake of other firms in j,k’s industry when they play ¢; . For any s; , € S define p, (s, ) =
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cor(S;k,q), pv(s;k) =cor(s;jr,vj k). Notice that firm j,k’s loss in profit, given that it observes s; y, is
a
Var((1—a)q+ap; i|sjr) = (I—a+ad)*Var(qg+-———=v; 1|5jx)-
1—a(l-0)
With some algebra, it is straightforward to show that the variance in the second part of the above equation

is given by
o 2 2 . ooy Y
(1_5)) U'U (pq(s%k)—i_1_a(1_5)pv(83,k)) .

Var(g+ 14(

. 53]
1—a(1—g) Bkl%uk 1-a

Now, to derive the information constraint in terms of the two correlation terms, we have
Var(s;)
Var(s; (.0} 1))

. 1
I(s5ki(a:05 1)) < #5455 In )<k

2

Notice that w
Var(s;)
pa(s;) <A=1—e?". So, j,k’s problem reduces to

ao

fp%%(ﬂq(sj,k) + mpv(sg’,kw st pa(85k)°+pu(sik)® <A

=1—(pqg(55)*+pu(s;)?). Thus, the information constraint becomespy (s;) +

C.4. Derivations for Optimal Information Processing Capacity

In this section, we establish conditions for the optimal choice of an endogenous «, as formalized and
discussed in Section 2.4. The section concludes by deriving the best response function of firms for their
optimal capacities.

Consider a strategy for firm j,k’s competitors where p; _ = 0q+v; _j,v; _ NN(O,J%),UJ»’_;C Lag.
Then, given any &, and letting \; , =1—e~ %, we know from Equation (2) that the optimal strategy
of the firm is such that

Pik=9Sk= )\j,kp;]g + 25k
=\ p(l—a+ad)g+al; v; _r+2;k
where, p}, = (1—a+ad)q+av,_y is firm j,k’s ideal price under its competitors’ strategy. We also
know form Equation (2) that if
Vi =Var(p) ) =(1—a+ad)*+a’o;
is the unconditional variance of p7 ,, then z; ; ~ N'(0,A; 1 (1 —=A;x)V;"_;.). Thus, calculating the firm’s

expected losses from mis-pricing under r; ;, we have
1 * 1 *
§BE[(pj,k — k) 1Sik] = 5 BA=Xn) Vi
1 —2K; *
=5¢ BV
Now, replacing this into the objective of the firm we arrive at the following problem:

1
: —2I$'k *
min {—e “** BV  4wkK;}
"ij,kzo{Q j—k 75 }

Now, when the constraint does not bind, the first-order condition of this problem gives us the optimal
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KjJ as:
—672Hj’kB‘/;*_k+W:O
1

=SKjp= §ln(Tj_k)

which is strictly positive in accordance with the constraint when BV"_; >w. Thus,

In(Za=t) BV >w

1
Kjk= EmaX{O,ln(BVj’j_k/w)} =
BVj_p<w

C.5. Derivation of V" , in a Symmetric Equilibrium

In this section, we use the best responses of firms for endogenous capacity from above to derive the value
of this endogenous capacity in a symmetric equilibrium as function of the underlying parameters of the
model.

In the previous section, we saw that the firms’ best responses for their optimal information capacities
depend on the variance of their ideal prices, V", which in turn depends on the strategies of their
competitors. Here, we first characterize the value of V;*_; in a symmetric equilibrium, which then allows
us to derive the optimal information processing capacity of firms in a symmetric equilibrium.

Consider a symmetric equilibrium where a firm j,k’s competitors’ strategy is such that p; _, =dq+
Vj—kVj,—k ~N(0,0%) ,Uj 1 L g, for some 4 and o,,. Thus, dropping the j,—k index from Vi k. we have

V*=Var((1—a)q+ap; )
=Var((1-a+ad)qg+av; )
=(l1—a+ad)*+a’c? (C.8)
Now, we need to calculate o2, the variance of the average mistakes of a firm’s competitors in the symmet-
ric equilibrium. For that, we need to derive the relationship between firms’ mistakes in the equilibrium.

Given firm j,k’s optimal attention strategy and given the optimal * = 7, that we solved above, we

know from Equation (2) that:
pj,]f:)\((1—CY‘|‘O(5)C]“‘UJ‘77]¢)—|—Zj7]€7 Zj7kJ_(q,Uj7,k), Zjk NN(O,/\(l—)\)V*) (C9)

where A =1—e~2%". A similar decomposition of firm j,k’s price in the symmetric equilibrium to its

projection on ¢ and a mistake v; ;, gives

pj,k:3q+v‘j7k:A(1_5+a5)q+)\OéUj’_k+Zj’k (C.10)
By symmetry, 6 = 6 and we have 0 = (t—gl’\ as before. Also, recalling the parameter v = ﬁ, we can
write:
Vj k= QAU+ Zj ks (C.11)
Vj—k :’szj,l (C.12)
Ik

Thus, to calculate ag, the variance of v; _j, we need to know the covariance matrix of the vector of
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mistakes, (v;;)c(x]. However, note that due to symmetry, this covariance matrix is summarized by two
parameters: the variance of each of v, ;’s and the covariance of any two mistakes v; and v; ;. To

calculate these two objects, first we take the variance of the two sides in Equation (C.11):
Var(vz) =a* 202+ A(1-\)V* (C.13)
Second, we take the covariance of both sides of Equation (C.11) with v; _:
Cov(v; 1,v) k) =)o (C.14)
which is implied by z; 5, L v; 1. Now, the final step is to see that
Cov (v, k,vj,—k) = ’yZCOV(vM,UjJ) =Cov(v)k,Vj12k), VI # k= Cov(vjx,vj12x) =adas  (C.15)

I#k
Taking the variance of both sides of Equation (C.12) with v; ;+, and using Equations (C.13) and (C.15)

we get:
oo =Var(v;x)+(1—7)Cov(v),vj12k)
=70 N0, A1 =NV +(1=7)ao;
fy>\(1 — )\)V*

= C.16
(T—aN)(1+7aN) (.16)
Combining this equation with Equation (C.8) and using 6 = %, we get:
l—« YA(1=X)
V* _ QV 2 *
(1—a>\) ar(g) +a 1—ya?X2—(1—=7)aA
l—a 1+~va
=( ? —Var(q)
L=aA™ 147al=50
1—a)?(K—1+a
_ o) (K-1tad) g, (C.17)

(1—aX2(K—1)+a(l—a)(I—al)A
where we have normalized Var(q) =1.

C.6. Discussion of Multiple Symmetric Equilibria with Endogenous Capacity

In this section, I discuss the possibility of multiple symmetric equilibria in the model with endogenous
capacity. The section concludes by discussing when multiple equilibria might arise under certain values
of parameters and establishes conditions on the parameter space for uniqueness.

Since we have shown in Appendix C.2 that for any fixed x, the model has a unique symmetric
equilibrium, we can conclude that the model has multiple symmetric equilibria if and only if there
are multiple values of x* (or \* = 1 — e~2%") that satisfy the equilibrium conditions. As derived in
Appendices C.4 and C.5 and shown in Equations (9) and (10), in any symmetric equilibrium, \* is a

solution to the following two equations:

w
N= 0,1— C.18
max{0, BV*} (C.18)
11—« K—1+a)*
V*= 2 \Y C.19
(1—04)\*) K—14+a)\-1=2 ar(q) ( )

1—a\*

58



To see whether multiple \*’s satisfy these equations, it is useful to consider both of these equations in the
(V*,\*) plane and investigate their intersections. It is straightforward to see that both equations define
A* as a weakly increasing function of V*. Normalizing Var(q) =1 as in the main text, the first equation
takes values of V* € [0,1] and maps it to a range of \* € [0,1 — %] while the second equation takes values

of \* €[0,1] and maps it to arange of V* € [(1—«)?,1].

*

5 (1—a)? Var(q) =1

wlE

Figure C.1: Symmetric Equilibria with Endogenous Information Processing Capacity

Notes: The figure shows how the equilibrium A* is determined by the intersection of the two curves defined by Equations (9)
and (10). In the left panel, the blue curve depicts Equation (10) with w/B =0.15, and the red curve depicts Equation (9) with
a=0.5. In the right panel, the blue curve is is kept the same, but we have added two additional curves that depict Equation (9)
for two additional values of « =0.8 (dark green) and «=0.7 (magenta). When (1— a)2 > w/ B, there is a unique equilibrium
with A* >0 (red curve), but when (1 —«)? <w/B, there is always an equilibrium with \* =0 (both dark green and magenta
curves) and possibly other equilibria with A* > 0 (magenta curve).

As proved formally in Proposition 4, it follows that if (1—«)? >w/ B, these two curves only intersect
once, guaranteeing the uniqueness of a symmetric equilibrium in which \* > 0.*7 An example of this
case is depicted in the left panel of Figure C.1. On the other hand, if (1 —)? <w/B, the two curves
intersect at least once at \* =0 (the dark green curve in the right panel of Figure C.1), and possibly at
one or two other points with A* > (. The magenta curve in the right panel Figure C.1 shows an example

where there are three equilibria, one with \* =0, and two with A* > 0.

Intuition for Multiple Equilibria. To see why multiple equilibria arise in terms of information pro-
cessing capacity, it is useful to revisit the economic incentives of firms in information acquisition.
The key force here is that strategic complementarities in pricing induce strategic complementarities in

information acquisition.

47See Proposition 4 and its proof for a precise argument. A brief version of this argument in this setting is as follows:
the second equation defines an increasing curve that connects (V*,\*) = ((1—«)?2,0) and (V*,A\*) = (1,1). Moreover, if
(1—a)?>w/ B then first equation is strictly increasing and concave in the domain V* € [(1—a)?,1]. Thus, there can only
be at most one crossing between the two curves. Moreover, since the first equation ranges from A* =0to A* =1—w/ B there
should at least be one crossing between the two curves. Hence, with (1 —a)? >w/ B there is a unique equilibrium with \* > 0.
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For example, consider a situation where all of a firm j, k’s competitors choose a zero capacity,
i _x=0. In this case, their prices will not respond to any fundamental shocks and will be fixed at their
prior expected value of ¢, which has been normalized to 0. In this situation, firm 7,k has no incentive
to learn about its competitors’ prices because they will not respond to any shocks. The only incentive
for firm 7,k to acquire information is to learn about ¢, which only affects their ideal price with a weight
of 1 —a. Thus, the larger « is, the less valuable information about g becomes. If a or w are large enough
such that the benefit of acquiring information about ¢ is not greater than the cost, then firm j,k will also
choose a zero capacity, resulting in a symmetric equilibrium with \* =0.

However, if firm j,k’s competitors follow a strategy with a positive \*, then even with all other
parameters fixed, firm j,k will have a higher incentive to acquire information. This is because, in addition
to the incentive to learn about g, the firm also values information about its competitors’ prices, which
now partially respond to shocks and may be subject to mistakes. This is depicted by the magenta curve
in the right panel of Figure 1, where o and w are in a range where both types of equilibria can coexist.

Finally, if w or «v are large enough, no firm will ever choose a positive capacity independent of what
its competitors do, resulting in A* = 0 as the only possible equilibrium (dark green curve in the right
panel of Figure C.1). On the other hand, if w or o are small enough, the value of information, even when
competitors choose a zero capacity, is high enough relative to its cost that any firm will always choose
a positive capacity regardless of what its competitors do (red curve in the right panel of Figure C.1). See

Proposition 4 and its proof for a formal statement of the latter case.

C.7. Attention to Fundamental with Endogenous Capacity

This section extends the predictions of Proposition 1 to the case with endogenous capacity. Specifically,
we examine how firms’ attention to fundamental shocks depends on the parameters of the model when
firms choose their information capacities as in Section 2.4. As we have already shown that the symmetric
equilibrium is unique for a given s in Appendix C.2, our focus is on studying how the correlation between
the fundamental and firms’ signals varies with model parameters under different values of « that can
arise in a symmetric equilibrium with endogenous capacities.

Using Equations (C.6) and (C.7) in Appendix C.2, for a given \* in a symmetric equilibrium, the
correlation between a firm’s price and the fundamental is given by
o K1hale |

e e vyt (€20

Thus, we can see that p}f depends on K and « both directly—i.e., holding \* fixed as discussed in

Proposition 1—and indirectly through A\*. In general, either one of these forces can dominate the other
but for small enough values of w the predictions of Proposition 1 persist. In the remainder of this section,
I provide some intuition and two examples in each of which a different force dominates. In the next
section, I do a Taylor expansion of p22 around a small w and show that the predictions of Proposition 1

are indeed valid for small w.
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*2 *2

A A

1 1

Figure C.2: Firms’ Attention to the Fundamental ¢

Notes: The figure shows two different parameterizations of Equation (C.20) (the red curve with K =2 and the green curve
with K — oc0) and Equation (C.24) (the blue curve). The figure on the left-hand side shows the joint determination of p22
when w is small (I have set w/B = .12 and o = 0.5). In this case, the intersection for both K =2 and K = oo are on the
decreasing side of the blue curve and thus as K increases pzz increases (i.e., the force discussed in Proposition 1 persists)
even though \* decreases (per Proposition 4). The figure on the right-hand side shows the joint determination of pjf when
w is large (I have setw/B =.25 and . =0.48). In this case, the intersection for K — oo is on the increasing side of the blue
curve and thus as K increases pjf decreases (i.e., the force discussed in Proposition 1 is reversed by the decline in A*).

Perhaps the best way to see how these two effects interact is to consider the equation above in

conjunction with the equations that implicitly characterize A*. In particular, recall that \* is given by
w

= 1— C.21
max{0, BV*} (C.21)
11—« K—-14+a)\*
V= 2 C.22
(1—a>\*) K—1+a\ =5 €22

Now consider an equilibrium with A* > 0 (otherwise p;, =0 and does not vary with neither o nor K).

Replacing V* in the first equation with the second equation and using the expression for p;‘Q from above,

we obtain
Molo o (lmaX (C.23)
T BV: By 1-a ' '
Re-writing this equation such that p’f is on the left-hand side, we have
BX*(1-X\*), 1—

w 1—a)*

Therefore, the pair (\*, pjf) in the unique equilibrium are characterized by the intersection of two
curves defined by Equations (C.20) and (C.24). Figure C.2 depicts two different parameterizations of
these equations, where on the left-hand side panel, where w/ B is small, an increase in K increases pzz
(firms’ attention to fundamental increases with K') while the on the right-hand side, where w/ B is large,

an increase in K decreases pjf (firms’ attention to fundamental decreases with ).
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C.8. First- and Second-Order Effects of Rational Inattention with Endogenous Capacity

Although our characterizations of the equilibrium capacities, x, attention to the fundamental, p,, and
covariance of prices with the funddamentla, 9, in the model with endogenous choice of x are analytical,
they are only implicit. As a result, it is not possible to solve for x or p, as explicit functions of the
parameters. In this section, I provide a second-order approximation of the equilibrium «, p, and J in
the model with endogenous choice of . These approximations are arbitrarily accurate when the cost
of capacity approaches zero (i.e. w/B =0). By using these approximations, we can write x and p, as
explicit functions of model parameters up to the first or second order, which provides further intuition
for the comparative statics of the model.

Consider the unique equilibrium that arises in the model with endogenous capacity when w <
B(1—«)?. Focusing on this equilibrium, we observe that it only arises when the ratio & < (1—a)?<1is

small. Moreover, recall that \* is strictly positive in this equilibrium and solves the following equations:

w
N=1— C.25
BV (2>
11—« K—-1+a)\*
V= 2 C.26
(1—04)\*) K—1+al =5 ( )

which define \* as an implicit function of the parameters w/B, o and K, \* = \*(w/ B, K ,«) (note that
w/ B was originally w /(B x Var(q)) where we have set Var(q) = 1. So a small w/ B should be interpreted
as a case where w is small relative to B and/or the unconditional variance of ¢). Moreover, the set of
w/ B’s that satisfy the uniqueness condition also includes w = 0 which corresponds to the frictionless
benchmark with rational expectations and full information. It is straightforward to see that when w . 0,
optimal capacity grows unboundedly towards infinity and A\*(w/B,«,K) 71 1. In fact, compactifying R,
with the addition of 400, we can define this limit as the solution to the capacity choice problem of firms,
where with w =0, x* =+oo0 and \* =1.

Moreover, once we have the equilibrium \*, we can calculate the attention of firms to the fundamental

$2 _ 42 K-l+ao8ei

Py =Py W/B o, K) = ——25—

o 46 well as the comovement of prices with the fundamental
§* =0*(w/B,a,K) = B=222" a]s0 as functions of w/B, a and K. Again, the case of w = 0 provides a

K—14a\*
1—aA*

natural benchmark for these values as well, since with no cost of attention, firms pay full attention to
the fundamental g, pzz (0,a, K') =1 and prices comove one to one with the fundamental 6(0,a, K) =1.

Since the unique equilibrium considered here arises for small values of w/B < (1—a/)?, it is appro-
priate and useful to consider a second-order approximation of the equilibrium functions, \*(w/B,«,K),
P2 (w/B,a, K) and §(w/B,a, K{) around the benchmark w/B = 0. We derive these approximations
below.

Approximation of \*(w/B,a, K ). Note that when with w/B < (1—«)?, the implicit function defining

A (w/B,a,K) is smooth and continuously differentiable. A second order Taylor expansion is given by:

-1
w —— O\ w 1.0%°)\ W W

N (5,0, K) =X (0,0, K)+[ =5 Ju=0 X 5+ 5 [mo7 lw=0 X (5)°+O(5 %) (C.27)
B R AT E B B
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Now, to calculate the first and second-order derivatives of the A* with respect to w/B note that from

*— —_
AN=1 BV*,wehave

ON* 1 w oV*

S RS C.28
9z~ vV BVZ 0% (€29
A 2 9V w9 1 9V*

w2 * w +__w * w (C29)
0%* V2 oy B@§<V26§>

Evaluating these at w =0 and noting that the first and second derivatives of V* with respect to w/B are

finite so that multiplied by w =0 they are zero as well, we have:

oX* 1

[@]wzo— [m] o=-—1 (C.30)
PN 20V V(%K)

[a_%z]wﬂ]—[ﬁ 0% ]wzo—z[T]wzo (C.31)

where we have evaluated the value of V*(0,«, K) using the equation for V* above (Equation (9)). Also,
note that for the seoncd derivative of \*, we need to calculate the first derivative of V* with respect to

w/ B which, by Equation (9), is only a function of w/ B through A\*. Using the chain rule this derivative

is given by:
ov* Zﬂ/* 3)\*( o, K)
C.32
8% oM 8“ ( )
12 @ a o 1—(1] o 1+ w 8V*>
ST l—aN T K—14+a) (1—aM)(K—1)+a(l—a)\* T—a)* V* BV*2 0%
:?25/\/: _oxr (;};wa K)
B
Evaluating this at w =0 gives:
ov* o K-1
w0 = — 1 C.33
[8%] 0 1—a( +K—1+04> ( )
Thus, plugging in the values of the derivatives to Equation (C.27), we have:
w w Qo K-1 w w
N (=,0,K)=1——=— 1 —=)? =3 C.34

Approximation of ,022(0) /B,a,K). Using Equations (C.6) and (C.7) in Appendix C.2, the correlation
between the firm’s price and the fundamental is given by

K-tralzay
K—14+a)* (€35

Thus, we see that ,022 is a function of o, K and w/ B through A\*. A second order Taylor expansion of

*2
pq -

p;? around w =0 is:

=1
a *2 w 62

o W ,_/% p
pq (_7a7K>:pq (OQK) [aw ]W:

W2 “is
- S RC{ =TI GEY

- Q[am] x(2)
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Now, since pjf only depends on w/B through A\*, we can use the chain rule to calculate its first and
second derivative as:
8pl’;2 8p22 ON*
0%~ ON 02
82p;2 _ 82p22 (a)\* )2 8p;2 82)\*
8%2 ON2 " 0% % 8%2

While these are straightforward to derive, the expression for the second derivative is quite long. However,

(C.37)

(C.38)

up to first-order, we have:

g%, W K-1 w
—a,K)=1—(1—

Approximation of §*(w/B,«, K'). Recall from Equation (C.6) that the covariance of the aggregate price

W
21P) €39

with the fundamental, denoted by ™ is given by:

o W (=o)X
Tl

which depends on w/B and K through A\*, but depends on « both directly as well as indirectly through

(C.40)

A*. A second order Taylor expansion of * around w =0 is:

=1

w — 0" w 1.0%" w

0 (=,0,K)=6"(0,0,K)+| == w0 X 5+ = | =5 w0 X (5
(B7a7 ) ( ,Oé, )+[8%] OXB+2[8%2] OX(B

Now, since §* only depends on w/ B through \*, we can use the chain rule to calculate its first and second

PLo(51H (€4

derivative as:

6% 06* ON*
= 42
05 0N 03 (€42
D26* 0% 0N,  D6* OPNF
= 4
527 ~ a2 92 ) Toxr g (€4
Noting that
00" l—a
ON (1—a)*)? €4
0%0*  2a(l—a)
= 4
A2~ (T—an)? (C45)
Evaluating these at w =0 and using Equations (C.30) and (C.31) we have
06* 1
— g =——— 4
[a%]w—o 1—@ (C 6)
%% Q K—1
=2 4
[0%2]w_0 (1—04)2([(—14—04) (C47)
So that
. W B w (K—-1)«x w 5 W3
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C.9. Proofs of Propositions for the Static Model

This section includes the proofs of Propositions in the static model. The proofs and derivations for

Section 4 are included in Appendix H.

Proof of Proposition 1

1. First, observe from Equations (C.6) and (C.7) in Appendix C.2 that the correlation between the

firm’s price and the fundamental is given by
e C%)’V(pjk,q)Q _K-1+ad '
ar(pjx) K—1+a
Moreover, notice that 6 = 1 T3 A<Aaslongas A>0and a>0. This implies directly that p*2 <A
Thus, the correlation between the firm’s price and the mistakes of its competitors is strictly positive:

(C.49)

=\— ,022 > (), meaning that firms pay attention to the mistakes of their competitors.
2. Shown in the proof of Lemma C.4.
3. Differentiating the correlation p;, with respect to the number of competitors &', we have
8p22 - a(A—0)

0K 52 (K—1taN (K —11ad) "

Also, with respect to o

op? 1 _(E-D(@=N+(K - 1+ad)adl
Oa pr? (K—1+ad)(K—14+a))
A

The inequality comes from 0 —A <0 and 52 85 =0 = a)(’l axy <0

Proof of Proposition 2

First, observe that the aggregate price is given by
1
— -lgp—1 o o ,
p:J K ‘ Z ka—(S(]—FJK' Z U],k
JkeIxK JkeIxK
Since J is large and v, ;,’s are independent across industries, this average mistake across all the firms
in the economy converges to zero by the law of large numbers as J — co. Therefore, p=0dq. Moreover,

. C D ~ . C _ AMK—-1 A
By ) = ) S, and B = Sty — o, where A= M

is defined as in the proof of Lemma C.4. So, Ei*[p; ] =Ap, Eik[p] = %)\p. Therefore,

- ~ 1—a\ =TT
Cov(E?*[p; _k].p) = )\Var(p)>1_a/\ (p) =Cov(E7*[p],p).

Also, if K — oo then A— \ and Cov(Ei*[p],p) — Cov(E*[p; _1],p).
Now, note that conditional on realization of the aggregate price |p — E5*[p]| = (1 —

(1=N)Ipl = p—E*p; 4]l.

=N bl >
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Proof of Proposition 3
Recall that
Pik=(1=a)E;ilql+ak;k[pj ]
given the equilibrium strategy of other firms with decomposition p; _j = d¢+v; _;, and using the fact
that the equilibrium is a recommendation strategy (so that S , =p; 1), we have

Cov(q,p;,
Ejrlal=Elqlpjr]= —Var((p;;)pj’k
J7

E; x[pj—1]| = 0E[q|pjr] + Evj i |Djk]

_ Cov(q,p;r) Cov(vj,—k,pjk) »
= Llik), "
Var(p;r) 7 Var(p;r) 7

Now, let § = Cov(q,pj k) and o, = Var(v, ). Note that we can re-write the equations above in terms

of firms’ optimal correlation choices p, and p,

1" Cov(gpin)®
E, [q]= Elqlp; ] = = sy,
Ejklpj-x] =0 Elalpju] + Evj—k|pj]
_ 0 Cov(g.psr)? pos Zo GOV ki) Covlgpie)
5\Var(pj7k)Var(q)1 6/ Var(v; ) Var( p]k \/Var )Var( p]k) ’
é Pv Pq

where we have used Var(q) = 1. Using the fact that in the equilibrium § = § < Cov(q,p;,_x) =

Cov(q,p,x). and aggregating the above equations across all firms, we have
2

= P
Ejklg]=—=p=ry
Ejk[p)—r] = pgp+papuovd
where we have also used p=dq. Finally, note that from the first-order conditions of the firms’ problem

with respect to p, and p,,, we have
apgoy=(l—a+ad)p, st. patpo=A
Substituting these above we get
Ejilpj k)= paoq+a™ (1—a+ad)pq
—pq5q+oz (1—a+a5)()\—pg)q
=a~log—(a"'=1)plq
Thus, to examine how these covariances change with the number of competitors, we have:
O Cov(q,E;4[q]) = Okpe>0
Ok Cov(q,E; kpj—1r]) =0k [a™'6— ("= 1)p(21] =—(a™ = 1)8Kp3 <0
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These two equations show that as the number of competitors increases, aggregate prices comove
more with firms’ average expectations of ¢ and comove less with their expectations of their competitors’
prices. The reason is that, because we are keeping « fixed, higher attention to the fundamental comes at
the expense to lower attention to competitors’ prices. Note also that in this step, we have already imposed
Ok 0 =0 because we have already derived the expression for ) and shown its independence from K in
Equation (C.6) and proof of Lemma C.4, independent of the argument put forth here.

Now, to see how these two forces balance, note that

p=1=a)Ejk[q]+0oE;[pj ]
= Cov(p,q) = (1—a)Cov(q,E; 1[q]) +aCov(¢.E, [p; _&])
= g Cov(p,q)=(1— a)@K(Cov(q E;x[q] ])+a3K(Cov(q E; x[pj, k])

-

=0k p2 =—(a~ he -1)0k P}

)8Kp3—a(ofl — 1)8Kp2

=(1-
0
Therefore, § = Cov(p,q) does not change with K because higher attention to ¢ is exactly offset with
lower attention to competitors’ prices with a fixed x.

Proof of Proposition 4
Recall that a symmetric equilibrium is characterized by a \* that solves Equations (9) and (10):
C.50
B V* ! ( )
l—a 2 K—1+a)\*
l—aX’ K—14al* 1:&
The first step is to show that if w < B(1—«)? then A\* =0 cannot be an equilibrium. To see this, suppose

A" =max{0,1—

Ve=(

(C.51)

A*=0. Then, the second equation implies that V* = (1—a)?. Now, plugging this into the first equation
we get

N =max{0,]1 - ———}=1— >0 (C.52)

B ( a)? (1 a)?
which contradicts the assumption that \* = 0. Therefore, \* =0 cannot be an equilibrium if w < B(1—a)?

and we can assume without loss of generality that A* > 0 and that it solves:
w

A=1— C.53
BV ( )
l—« K—-1+a)\*
V= 2 C.54
<1—oz)\*) K—1+al*; ;/\* ( )
Plugging V'* into the first equation, we get:
w (1=X)(K-1)
1-N=——(1—aX)(1- .
V= Bliap e Umate ) (€55)

Now note that the left-hand side of the equation above is strictly decreasing in A* and ranges from 1 to

0as \* goes from O to 1. The right-hand side is also strictly decreasing in A* and goes from -5 <1

B()
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tow/B >0 as \* goes from 0 to 1. Since the range of the left-hand side is a strict subset of the range of
the right-hand side for \* € [0,1] and both sides are strictly decreasing in \*, then there must be a unique
A* >0 that solves this equation as long as w < B(1—a«)?.

Now to see how \* varies with w, B« and K, note that larger values of w, o or K shift the right-hand
side upwards and move the intersection to the left, decreasing A\*. A larger B, on the other hand, shifts
the right-hand side downwards and moves the intersection to the right, increasing A*. Therefore, A* is

decreasing in w,« and K and increasing in .

D Strategic Complementarity and Number of Competitors in Survey Data

b

As discussed in Section 4.2, micro-foundations of strategic complementarity relate this object to firms
market shares in the equilibrium. Since around the symmetric steady-state market share is the inverse
of the number of firms in the oligopoly, these micro-foundations relate strategic complementarity to
the number of competitors. Moreover, we have shown that different micro-foundations have different
implications for this relationship. For instance, the two-layer CES structure, as in Atkeson and Burstein
(2008), on its own implies that strategic complementarity should increase with market share and thus
decrease with the number of competitors (for example, recall that in the benchmark model of this paper,

1—77’1
K

relationship (see, e.g., Wang and Werning (2021)’s discussion of this relationship in the Kimball model,

without decreasing returns to scale, o =

). However, more general aggregators might reverse this

which is also derived in Appendix G in this paper as o = g((g__;)):((ll__g;l)); , where ( =0 nests CES but

in general is related to superelasticity of demand. For ¢ > 1 we can see that « increases with K similar

to Wang and Werning (2021)). Moreover, the decreasing returns to scale also add a force that makes
strategic complementarity increase with the number of competitors, as is the case in the calibrated model
of Section 4. While different models have different predictions for how strategic complementarity varies
with the number of competitors, we can examine this relationship empirically in the survey data.

One issue that needs to be addressed is that variation in /K in the survey is not that large which makes
the estimates of « noisier for larger K. To address this, I divide the data into equally sized bins, in terms of
the number of observations, as a function of the inverse of the number of competitors (which corresponds
to steady-state market share in the model). Panels A and B in Figure D.1 present connected lines with

average a by 1/ K bin, after controlling for industry dummies. Shaded areas denote 1 standard deviation.
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Figure D.1: Strategic Complementarity as a Function of 1 /K (£1 Standard Deviation)
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Notes: This figure presents a binned plot where dots denote average o over equally sized bins of the inverse of the number
of competitors 1/ K after controlling for industry fixed effects. The shaded area denotes 4/ — 1 standard deviation.

We can make the following observations from this graph. First, quantitatively, o is somewhat flat
across 1/K bins, with a slight increase around the first quartiles in Panel A, which is qualitatively
consistent with studies that document strategic complementarity to decline with market share (Amiti,
Itskhoki, and Konings, 2019). Second, repeating the exercise with deciles of 1/ K in Panel B, a seems
to increase slightly and then decrease hinting at a slight non-monotonicity. However, the magnitude of
changes based on the point estimates seems to be relatively small, ranging from 0.8 to slightly below 0.9.
To make this observation more rigorously, Table D.1 regresses strategic complementarity on different
quartiles of 1/K and while hinting at the slight non-monotonicity seen in Figure D.1, it shows that we

cannot reject the null-hypothesis that strategic complementarity is not different across different quartiles.

Dep. Variable: Strategic Complementarity «

(D 2)
Constant 0.827#:%* (0.018) 0.805** (0.022)
First Quartile 1/ K 0.039 (0.046) 0.038 (0.0406)
Second Quartile 1/ K 0.099%* (0.050) 0.100%* (0.050)
Third Quartile 1/ K 0.013 (0.054) 0.011 (0.055)
Fourth Quartile 1/ K - - - -
Observations 2,824 2,823
Industry dummies No Yes

Table D.1: Differential Strategic Complementarity by 1/ K quartiles
Notes: This table estimates how strategic complementarity varies across different quartiles of 1/ K relative

to its fourth quartile. Robust standard errors in parenthesis. *** Significant at the 1 percent level. **
Significant at the 5 percent level. * Significant at the 10 percent level.
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E Available Information in the Dynamic Model

The set of available signals in the dynamic model is an extension of the set defined in Appendix C.1. The
key notion in this extension is that nature draws new shocks every period, and the set of available infor-
mation in the economy expands to incorporate these new realizations. To capture this evolution, I define

a signal structure as a sequence of sets (S*)%°___ where S'* CS*,Vs > 0. Here, S’ denotes the set of avail-

t=—00
able signals at time ¢, and it contains all the previous sets of signals that were available in previous periods.

To construct the signal structure, suppose that every period, in addition to the shock to the nominal de-
mand, the nature draws countably infinite uncorrelated standard normal noises. Similar to Appendix C.1,
let S; be the set of all finite linear combinations of these uncorrelated noises along with the newest
innovation to ¢;. Now, define S'= {3 "> ja,e;_.|V7 >0,a, €R,e;,_, €S;_,},Vt. First, forall t, g, € S*, as
itis a linear combination of all u; _,’s and u; _, €S;_,,V7 > 0. This implies that while perfect information
is available about the fundamentals of the economy, signals with arbitrarily less precision are also

available for the firms, should they choose to acquire them.

F Derivations for the Dynamic Model

F.1. Solution to Household’s Problem (16)

Let 51, and B'po, be the Lagrange multipliers on household’s budget and aggregation constraints, re-
spectively. For ease of notationletC;; = (Cj 1 4,...,C} ;) 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
in the main text as well as the Kimball aggregator discussed in Appendix G). Moreover, for less crowded
notation, I drop subscript j for ¢; and K; whenever the industry index is implied from context. First, I
derive the demand of the household for different goods. The first order condition with respect to C';  ; is

Py }} P2t o, PulCit)

pre - P(Cie)

where ®4(C;;) = % Given these optimality conditions, we can show that total sales in the economy
is proportional to aggregate output:

Z P :Cipe= SOQtCtZZq)k Cjkt _:ZQtCt

J
(J,k)eIJXK Pl ]eJk:eK

(F.1)

J/

—1vjer
where the equality under curly bracket is from Euler theorem for homogeneous function ®(.). Therefore,
P= “02 - - is the price of the aggregate consumption basket C} and we can write Q); = P;C; as the nominal
demand of the household for the aggregate consumption good. Now, for the particular case of the CES
function in the main case, Equation (F.1) becomes:

Praa=(JK) QO O = Y Bl = (K K Q) (F2)

7t
keK;
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where the right hand side follows from raising the left hand side to the power of 1 —7 and summing over
k. Now, raising the right hand side to the power of —n and dividing it by the left hand side gives the

demand curve in the text:

1 P]Tknt
jkt_Qt (ng:t, ), D(Pj,k,t7pj7—k,t)zj—n (F.3)
ZkGK J,k,t
Now, for a general ®: from Equation (F.1), P;; = (Pj14,...,P; k) = Viog(® (?—éct)).lneedto

show that this function is invertible to prove that a demand functlon exists. For ease of notation, define

function f: R¥ — R¥ such that f(x) = Vlog(®(x)). Notice that f(.) is homogeneous of degree —1,

— 0 Pm(x) _
Oz, ®(x)

. Let 1 be the unit vector in R, Since ®(.) is symmetric along its arguments, for

and the m,n’th element of its Jacobian, denoted by matrix 7/ (x), is given by 7 , (x) =

<I>"’TMTL(X) (I)n(x) q’m( )
®(x) (x) o(x)

any k € (1,...,K), ®1(1) = Px(1), P11(1) = Pge(1) < 0. Since ®(.) is homogeneous of degree 1, by
Euler’s theorem we have ®(1) =", _, ®,(1)=K®,(1). Also, since ®;(.) is homogeneous of degree
zero.”® Similarly we have 0=0x ®4(1) =>",_ Pw(1). So, forany I £k, $jy(1) = — =5 P11(1) > 0.

This last equation implies that 7/ (1) is an invertible matrix.*’ Therefore, by inverse function theorem

f(.) is invertible in an open neighborhood around 1, and therefore any symmetric point x =xz.1 such

that x > 1. We can write = f~Y(P;.). Itis straight forward to show that f~!(.) is homogeneous

=
of degree -1 because f(x) is homogeneous of degree -1: forany x e R%, f~1(ax)= faf(f1(x))=
fHfla Y x)) =atf1(x). Now, Cjpr = JLP.Ci f, ' (P;4), where f; ' (x) is the k’th element
of the vector f~*(P;,). Finally, since f(.) is symmetric across its arguments, so is f~!(P;,), meaning
that £, (P;;) = fi ' (01.1(P;+)), where o 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 (P} s ¢, P k) =051 (P;+) and
D(x)=J!f;*(x), which gives us the notation in the text:C; 4 ; = P,C;D(P; 1. +,Pj i), 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{ [P;11C41] and P,Cy=W,.

F.2. Quadratic Approximation to Firms’ Profits
Define a firm’s revenue net of its production costs at a given time as
(P, P-10:Q0) = Pika QD (P Proot) = (1=5) Q7 " D(Pyges, Pjoi)™ (BA)

Now for any given set of signals over time that firm j,k could choose to see, its profit maximization

problem is

max B[S FQUI(P Py @IS = max [Zb’tﬂ( Baka Bkt 1y g1y,

(Pj,k’t:s;f,k:_)R)toiO i—0 (Pj,k,t’si,k-*R)z 0 Qt Qt

“PFollows from homogeneity of ®(x). Notice that ®(ax) = a®(x). Differentiate with respect to k’th argument to get
Dy (ax) =D (x).

4*With some algebra, we can show that 7/ (1 1)= q’;(l Wy_ q>111(((11)(”1<) 11/, meaning that 7 ¢ (1) is a symmetric matrix
whose diagonal elements are strictly different than its off- dlagonal elements. Hence, it is invertible.
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where the second equality follows from the fact that the profit function is homogeneous of degree 1 as

D(.,.) is homogeneous of degree -1. Now, let small letters denote logs of corresponding variables so that

Pikt—@=In(P;x+/Q:) and p; _j; —q: =In(P; _;+/(Q);) and define the loss function of the firm from

mispricing at a given time as

Plvs P t9)— H<P]kt P Liche 4y
Qi Qt Q: Qt

where P;, , =argmax, I(x,Pj _4,Q:) is the firms’ optimal price for the particular realizations of (),

L(pj,kt qt,Pj,—k,t — ) H(

and P; _j, ;. Now note that

min  E[Y B L(pjre—aepi—ni—a)|S;)]

(Pj k0355 =R

t=0
has the same solution as profit maximization problem of the firm. Moreover, recall from the main
text that in the symmetric equilibrium of the full-information economy J bt — % = 1. Taking a

second-order approximation to the net present value of firm’s losses at a given tlme around the symmetric

full-information equilibrium, we arrive at:

o 1 [e.9] i
ZﬁtL(pj,k,t — D)kt —qt) R — §H11(1,1,1)Zﬁt Pkt =D 10)%s
>0

where p} ;. , is such that IT; (exp(pj 5, ;) / @1, Pj,—k.t/ @1, 1) =0, meaning that

IT43(1,1,1) 1
p— 1+——"—"= X it ES5
Pkt =0qt+ ( +H11(1,1,1) K1 (pj,l,t qt) (E.5)
y Ik
strategic complementarity = o
= (1= 0;)q+;pj ks (F.6)
It is straightforward to calculate the derivatives I1y;(1,1,1) and IT;5(1,1,1) as
M1 (1,1,1) = —rs;(5 p+(14+7) (e —1)) (F.7)
M5(1,1,1)=rs; (e, —1) (F.8)

where rs; = D(1,1) = (JK;) ! is the revenue share (or relative size) of the firm in the symmetric
full-information equilibrium, 533 is the demand elasticity and € 1, is the superelasticity of demand for
a firm in sector j in the full-information symmetric equilibrium. Note that this gives a general expression
for strategic complementarity as:
ay=1-— ep— | : (F.9)
gpt (1+7)(ep—1)

Thus, note that we can write II;; as:

(F.10)
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and the firm’s objective for its attention problem is therefore given by

1¢
t D * 2 -1
max. —rs;E Zﬁ 51 _ . pjkt(s k) " Djka) (L= 85 Wkl S, (E11)
{8,k,6,S5,,8-05,k,£ (S5 1) Fe>0 ﬁ/—/

—~— 7 cost of capacity

loss from mispricing

Dividing the objective by 1 —s; =

e 77—("7—1)Kj ' _nHyv(n=(-DK; ?

1_0@ (1_(1_7771)[(]‘_1)(1_,_777(1_(14__3—1)1{;1)2) 1_‘_7

B=

J

(F.12)

where the equalities follow from the expression for demand elasticities and strategic complementarities

in the main text.

G Strategic Complementarity under Kimball Demand

In the paper’s main text, I consider a nested CES aggregator and derive the strategic complementarities

under the demand system implied by that aggregator. An alternative approach in the literature is using

the Kimball aggregator but mainly used with monopolistic competition. In this section, I derive the

demand functions of firms given this aggregator in an oligopolistic setting for comparison.

The Kimball aggregator assumes that the function ®(C} 1 4,...,C} k) is implicitly defined by
1=K~ Zf ch’ké ), (G.1)
ek CirgseCjrt)
where f(.) is at least thrice differentiable, and f (1) = 1 (so that ®(1,...,1) = K). Observe that
this coincides with the CES aggregator when f(x) = #"7 . To derive the demand functions recall

that the first order conditions of the household’s problem are P;;; = J~ 1Q —Lt ‘v’], kwhere
Cit=P(Cj14,...,Cj k1) Implicit differentiation of Equation (G.1) gives
(g
Pie=J7'Qs S Vik. (G2)
ZleKOj}lvtf/(ﬁ)

To invert these functions and get the demand for every firm in terms of their competitors’ prices, guess
KC;

CiexCipel (=) e

er ?]llet Gt — F(Pj14,....,P; i +). I verify this

guess by plugging in this guess to Equation (G.2), which implies the function F'(.) is implicitly defined

by 1=Ky, i f(f' "1 (PjitF (Pjs.-..Pj ). Note that this is consistent with the guess and F'(.)

only depends on the vector of these prices. It is straight forward to show that F'(.) is symmetric across
1.50

that there exists a function F': RX — R such that

its arguments and homogeneous 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 competitors.

S9Symmetry 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 = (z1,....xx ) €ER", =F(X) =", g T 8%F(X).

Now, notice that forany a e R, X € RE, aagi(;x) =0. Thus, for any X € RE oF (aX) is independent of a, and in particular
aF(aX)=F(X)=F(aX)=a"1F(X).
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Similar to the main text we can write this as

“Y(P F(Piygs P
Cipet=J " QeD(PyktsPj—tt) D(Pjpos Pj—kp) = S fp,l(tfj/fit(p(.ljglzp. R tLK’t])D)‘ )
leK~* Dty Jsts Ty Lyl g, 18,

as the inverse of the elasticity of f'(z) atx =1,

_ @
(1)
and assume 7 > 1. It is straightforward to show that 7 is the elasticity of substitution between industry

In the spirit of the CES aggregator I define =

goods around a symmetric point. Moreover, the elasticity of demand for every firm around a symmetric

dlog(#' (z
__ Olog(— Qigg(;))))

point is n— (n—1) K ! similar to the case of a CES aggregator. Also, define ((x)= Bioa(a) as
the elasticity of the elasticity of f'(z):((z) = ]}/,I,/((j)) r— ]}/,/((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 X. With

some intense algebra we get a = f((ff__;)):((ll__:j)); €10,1). This imbeds the CES aggregator when ( =0,

in which case a=(1—-n"1) KL,

H Proofs of Propositions for the Dynamic Model

Proof of Proposition 5

This proof has two parts. Part I casts a firm’s problem into the abstract problem studied in Afrouzi and
Yang (2019) and then applies Lemmas 1 and 3 from that paper,”' concluding that it is optimal for firms
to always observe one Gaussian signal at any given time ¢, for any 3 € [0,1). Part II of the proof then
derives the optimal shape of the signal under the assumption of =0 and shows that these signals take

the form of “ideal price plus noise.”

Part I (Optimality of One Signal at Each Time for 5 € [0,1)). Let (Slfnll)(l,m)e 7x i denote the initial
signal structure of the economy that firms inherit at time 0. Pick any firm 7,k as the firm whose problem is

being studied here and, to economize on notation, drop (j,k) when it is clear from the context. Consider

>0
(Lm)#(Gk)"
Define Z;(S) = (1, p1m.t (S] ) @;m)# (k) and X*(s) = {71+ (s) : 0 <7 < t}. Note that under strategy

profile ¢, X*() has a stochastic process that is exogenous to firm j,k and is taken as given by that firm.

a strategy profile for all other firms in the economy, denoted by ¢ = (.S}, + C S*,p; 1+ Sim —R)

Moreover, note that X*(<) contains all the variables that firm j,k would potentially pay attention to at
time ¢ subject to the feasibility of available information, as captured by S’. Define also the function v;(.)

as the firm 7,k’s losses from mispricing at time ¢ under price p; and strategy < as

1 —

Vi (peZi(6)) =5 10— (71(0)))%, pH(Ee(e)) = (1— )@+ ypj—ke (<) (H.1)

Slnttps://afrouzi.com/dynamic_inattention/draft_2019_10.pdf#page=7.
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With slight abuse of notation, also let S*~! =St ik ! denote firm 7,k’s information set at time ¢t — 1. Then,

we can re-write the problem of firm 7,k in Equatlon (26) as

max Zﬁt [0 (pr; T (s (§) —wZ(X'(5);S*S 1S (H.2)

{5:CSt,pe(S?) HR}t>0
subjectto  S'=S"1U{S;}, Vt>0, S !given.

where we have substituted the information processing constraint into the objective in Equation (26).%2
We can see that, for a ¢ that firm j,k takes a given, Equation (H.2) is exactly the problem studied in
(Afrouzi and Yang, 2019, RI Problem, p. 7).>* Applying Lemma 1 from that paper we conclude that
if {S* C S*,p; : St — R} is a solution to Equation (H.2), then—Iletting p' = {p, : 0 <7 <t} US™—
X*(¢) —pt— S* forms a Markov chain for all t > 0; i.e.,

XH(e) LS = Z(X'(<):S"|p") =0 (H.3)
Thus, under the optimal information structure and pricing strategies, p' is a sufficient statistic for S*
concerning X (), which means that the firm’s pricing history reveals all of its acugired information up
to time ¢. Moreover, since signals are Gaussian (by Lemma 3 in Afrouzi and Yang (2019)), p' is also
a Gaussian process and p' € S'. Thus, p' is a recommendation strategy for firm i that weakly dominates

S*. Therefore, recommendation strategies are also optimal for the dynamic problem, and firms prefer

to observe one signal per period of time which recommends the price they should charge in that period.

Part II (Shape of the Optimal Signals with 5 =0). While we have shown that with any g € [0,1) itis
optimal for firms to observe only one signal at any given time, we have not characterized the shape of
this optimal signal, particularly how it loads on different shocks. In general, optimal signals can have
complicated representations, but the case of 5 = 0 is special. We can show that in this case, optimal
signals are of the intuitive form as in the static model of “ideal price plus noise.” This is, however, not ex
ante obvious, since in contrast to the static model, shocks in the dynamics model can be auto-correlated
and firms can choose to pay attention to past realizations of the state vector, Z;_ () : 7 > 1. If we make
the additional assumption that 7, (<) is a Markov process, we can directly apply the first-order conditions
from Afrouzi and Yang (2019) to prove that optimal signals take the shape above. But, for =0, we
can characterize this result more generally without the Markov assumption, which is different here
from Afrouzi and Yang (2019). The rest of this part is devoted to proving this result. (Later, to solve
the dynamic model numerically, we approximate (<) with a Markov process and use the numerical
methods from Afrouzi and Yang (2019) to solve for the shape of optimal signals for a calibrated value
of 4 >0, which no longer take the form ideal price plus noise).

Similar to Part I, fix a firm (j,k) € J x K and consider its problem at time ¢ for a given strategy of

2Here we are using the result that the information processing capacity in Equation (26) always binds. To see why, suppose
that the constraint does not bind for some ¢. Then, the firm produces information capacity that is not used for acquiring
information. Thus, the firm would be strictly better off reducing the production capacity for some small € without affecting
its information structure, implying that the constraint should always bind at the optimum.

3Seehttps://afrouzi.com/dynamic_inattention/draft_2019_10.pdf#page=7.
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other firms in the economy, which we denote by ¢. To economize on notation, we continue dropping
(7,k) when it is clear from the context. Let Z(<), X*(), and p*(x;(s)) defined as in Part I. Note that the
firm’s ideal price, p*(z¢(<)), can be written as:

Oéj (07

(7 =w'T '=(1—q; ey 0,0,...,0 H.4
p (‘rt(g)) W T, W ( Oéj’Kj_]_’ 7Kj_17 IR STER) ) ( )
N —~ s N —
K;—1times (J—1)x K times
where the coefficient 1 —c; applies to g, coefficients Kj‘i 7 apply to the firm’s own competitors and the

0 coefficients apply to firms in other industries. Plugging these into Equation (H.2) and setting 5 =0
we obtain the following Problem for the firm at time ¢:

B; 172 \2 t(-).qt| gt—1y|o—1
Stesgi}étaRE[ 2(pt w'Z) —wZ(X(5);S"1S)|S™] (H.5)

First, we can see that for any choice of S; €S', the optimal pricing strategy is given by:

pt(St):WlE[ft|St] (H6)
— B (- wE(5)[57) =~ DE[Var(w'F()]5")|57) M)

Moreover, by the chain rule of mutual information, we have the following decomposition of the firm’s

cost of information:

WIZ(X'();SY S ) =wT(X (5); S, S S ) =wZ(X"();S|S" ) (H.8)
=wZ(X"1(6),Zu(c); S¢S 1) (H.9)
=wZ(Z1(); S| S ) +wT(X 1 (6);S, S 1, 7(<)) (H.10)

Thus, the firm’s problem with 3 =0 at time ¢ can be written as:

max—]E[%w’Var(ft(g)\St)w—i- WI(Z1(<);S¢ S 1) + ?I(Xt’l(g);st]Stfl,:ft(g)) E

St egt N / J

VvV
cost of info. about #; conditional on S*~1  cost of info. about X *~1 conditional on S*—1,%;

(H.11)

Our first observation about this problem is that it is optimal to choose S; such that the third term (cost

TV
losses from mispricing

of info. about X*~! conditional on S*~!,%,) is zero; i.e., choose a signal that is not informative about past
fundamentals and prices conditional on today’s prices and fundamentals. To see why, suppose that this
term is strictly positive so that S; contains some information about X*~! that is independent of 7;,S*~1.
But that cannot be optimal because one can construct a new signal that has the same amount of information
about (<) conditional on S*~! but less information about X*~!(¢) conditional on S*~1 % (s). Such a
signal would imply the same losses from mispricing but would economize on irrelevant information

about X~!(<) that are not relevant for predicting 7;(s). Thus, the firm’s problem reduces to:

B,
gnaSX—E[#W'Var(ft(g) |SYW AW (T(5);9S 1S (H.12)
tESt

Now, given S~ ! and 74 (<), let 34,1 = Var(Z;(s)|S*~!). Assume, without loss of generality, that 3, 1

76



is invertible.’* Moreover, notice that by restricting the strategies to be among Gaussian signals as well

as the fact that ¢, itself is a Gaussian process, for any non-zero signal S; € St, we have:

WI (ST (s)|S" 1) = —ln(l z> !

t\tl)

(COV(St,CEt( )‘Stil)
Var(S¢|St—1)

where z, = . Moreover, notice that firm’s losses from mispricing become

Var(w'Z,(¢)|S75. ! Se) = WS g1 W — (W'z,)*.
Since both the cost of information and losses from mispricing are functions of the signal through z,, the
firm can directly choose z; (as long as there is a signal in S’ that induces that covariance vector z;, which

corresponds to the no-forgetting constraint). Assuming that the no-forgetting constraint does not bind
for the moment, the first order condition for z; is:

B'(W/Z*)WZWL (H.13)
J t 1_Zz</2t|tl ) * .
multiplying this FOC with z; and w from left, implies that
Z 1 * 1
5 W tle—1% g t—1 ' w
—_— A\ ST =wXjyw=————— (H.14
(WA =5 Zm'tl T VOIS B o 1
Combining these two equations, we have:
(W'ZI)QZW'Zﬂt_lw—i (H.15)
B;
Since the left-hand side is a positive number, this requires that
. _ w
Var(p* (7:(5))|S"* 1):W/Et‘t,1WZ§ (H.16)

J
which is what is required for the no-forgetting constraint to not bind; i.e., the prior uncertainty of the firm
about its ideal price, w'¥,;_; W, needs to be large enough so that it pays attention to it. Otherwise, the op-

timal signal has zero covariance with Z;(<). Therefore, the optimal covariance is proportional to ¥, w:

max{ \/W’Zﬂt_lw— B%,O}

/
w Et|1571W

*_
z, =

X Eﬂt,lw (H17)

where the first term is a scalar that depends on the cost and benefit parameters w, B;. The last step is to

characterize a signal S; € S' that implies this optimal covariance. To see this, let

¥ . 1
SF=wTi(¢)+e=(1 —oz)qt—i—ozﬁij’l,t(g) +e;.
Ik
where ¢, is a Gaussian noise independent of 7, (g) It is straight forward to show that this signal implies

z; for an appropriately chosen variance for e;.%

34To see why this is without loss of generality, note that if ¥4)¢—1 is not invertible, then there are elements in Z'; (<) that
are colinear conditional on S;i‘;l , in which case knowing about one completely reveal the other; this means we can reduce
Z4(s) to its orthogonal elements without limiting the signal choice of the agent.

5Here one needs to define Var(e;) = 0o to correspond to the case where z; =0, which is a well-defined limit.
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Proof of Proposition 6

The independence of strategic complementarity «; from j follows from the symmetry in the number
of competitors across industries. Moreover, in the stationary equilibrium capacity is time-invariant
because it only depends on the underlying parameters and the variances of subjective beliefs, which
are constant under the steady-state Kalman filter. Symmetric equilibrium also implies that optimal
capacities are also symmetric across all firms; so x; ;. = x > 0. To see that x > 0, suppose that in the
equilibrium x=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 under the assumption
that k=0 implies that firms’ uncertainty about their optimal price, which is proportional to their losses
from imperfect information, is growing linearly over time and exceeds any finite upper-bound. Now,
consider an information acquisitoin strategy that sets x = ¢ > (. It follows that firms’ losses under this
strategy is bounded above by O (%) which dominates x = 0. Thus, in the stationary equilibrium, x > 0.

Now, from the proof of Proposition 5, recall that in the equilibrium, for all (j, k) € J x K,
ikt (St ) =WE[L) 14(c)|SE ] where St = (S7,1,S, 1.,) and

1
Sike=(1—a)q; +@ﬁzpj,l,t(5;,g) +e€jkt
1#k
From Kalman filtering

WEZ()|SL] = E[WZ(6)|S5
W Cov(S; k1,71())
Var(Sj,k,t|Sﬁ1)

(Skt =[S 1t| S5 %))

w'Cov(Syk.t. Tkt (S) _ A W
Var(S, k055 ! W'Y ke tlt—1W

Notice from the proof of Proposition 5 that 'Y jktlt—1W = A. Thus,
using p; ¢ as shorthand for p; (St ), pjke = (1 = NE[S; 4] S5%'] + ASjk. Finally, notice that
Piki—1=E[S k-1 |Sﬁ1] Subtract this from both sides of the above equation to get 7, s = pj .+ —
Djki—1=(1— )\)E[ASj,k,ASﬁl] + (St —Djkt—1), where AS; =5+ —Sjkt—1. Subtract Am; s,
from both sides and divide by (1—X) to get ;s = E[AS; 4 o S5 ']+ 125 (Sjkt —Djikt) - Averaging, this
equation over all firms gives us the Phillips curve:

]Eifl [ASjkd] = Z E| Asjkt| sk =1~ O‘)E? 1[A‘Jt]+0‘Et 1[79 k-

(gk YEJX K

where 7 _j s = 27>, 2 +(Djit—Dpji4—1) is the average price change of all others in industry j except

k. Moreover,
1

IK Z (Sikt—Pikt) = (1—04)Qt+%{ Z ij,l,t Z Djkt-

(Gk)eIx K (j,k)eJxK l;ﬁk (J k)eJx K

[\

-~

:%Z(j,k)axxpj,k,t
The last term asymptotically converges to zero as J — oo as mistakes are orthogonal across sectors—

€kt L Pmit, Ym # j. Now, define p, = ﬁz(j,k)eJprj,k,t’ and recall that ¢; = p; +y;. Therefore,
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= Gmerxi Skt —Pjkt) =(1—a)y,. Finally, define aggregate inflation as the average price change
in the economy, 7m; = ﬁz (k) g x i Tkt Plugging these into the expression above we get

A
1—-X

= (1= a)EYY [Aq)] +aB7% [m) ] +(1—a)

Yt

Finally, notice that 25 = 1;5;5 S =],

I Calibration Details

I.1. Calibration of the Benchmark Model

This section discusses the calibration of several model parameters in detail.

Elasticity of substitution. A usual approach in monopolistic competition models is to choose 7 to match
an average markup given by # In the oligopolistic competition model, markups depend on the number

of competitors and in the steady-state are given by
1

(n—=1)(1-K;")
where K; is the number of competitors in j. The survey elicits firms” markups by asking the following

=1+ (L1)

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.” The average markup reported by firms in the sample is 1.3 and varies from
1.1to 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 (I.1) and set n =12 to match the
1

1-K; !

is well in line with the values used in the literature for the US.

coefficient on in Column (2) of Table I.1, which reports the result of this regression. This value

Table I.1: Calibration of n

(D (2)

Average Markup  Average Markup
1/(1-K~1h 0.107 (0.016) 0.089 (0.018)
Firm age 0.000  (0.000)
Manufacturing 0.037 (0.007)
Professional and Financial Services 0.166  (0.007)
Trade 0.027  (0.007)
Other -0.031 (0.044)
Constant 1.205 (0.018) 1.140 (0.021)
Observations 3152 3152

Notes: Column (1) of the table reports the result of regressing the average markups of firms on 1/(1 — K i 1) in the first
wave of the survey from Coibion, Gorodnichenko, and Kumar (2018). Column (2) controls for industry fixed effects shown
in the table as well as firm age. The coefficienton 1/(1— K 1 corresponds to 1/(n—1) in the model.
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Curvature of the production function. Given the empirical distribution of the number of firms, K, and
the elasticity of substitution, n=12, I set y=0.945 (1/(1+4+)=0.514) to match the average degree of
strategic complementarity & =0.817 from Table A.1. Given this value, the elasticity of output to labor
in the model is 0.514. This is consistent with calibrations of this parameter 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, Engbom, Mongey, and Violante,
2019, where the targeted value for the U.S. is 0.518).%

Persistence and variance of shocks to nominal demand. I calibrate p=0.707 to match the persistence
of the growth of nominal GDP in New Zealand for post-1991 and pre COVID-19 data.’’ Nonetheless,
the model is not very sensitive to this parameter in this range and I present results for an alternative value
of p=0.23 in Section 5.4.

Given the quarterly persistence, I then set o, =0.011 to match the unconditional standard deviation
of quarterly nominal GDP growth.’® Nonetheless, since monetary policy shocks are the only shocks
in the model, the standard deviation of all variables — including endogenous non-fundamental shocks
— are scaled by the standard deviation of the innovations to nominal demand. Accordingly, in my counter-
factual comparisons, I will mainly focus on numbers relative to a benchmark so that the reported relative

numbers are independent of this scale.”

I.2. Calibration of the Monopolistic Competition Model

In Section 5, I compare the calibrated benchmark model to a monopolistic competition model with
the same average degree of strategic complementarity. In this section, I discuss the calibration of this
monopolistic competition model. Since changing K affects both the degree of strategic complementarity,
o, as well as the curvature of the profit function, B; in Equation (28), by taking the limit A’ — oo in the
benchmark model, we would inevitably alter both the curvature and the degree of strategic complementar-
ity. To avoid this and create the degree of freedom that allows for keeping the strategic complementarity
fixed as K — oo, in the monopolistic competition model I replace the within-industry CES aggregators
with a Kimball aggregator. In particular, I use the oligopolistic Kimball aggregator derived in Appendix G
which keeps the demand elasticities the same at e? =n—(n—1)K ! butintroduces the parameter  that

controls the degree of strategic complementarity. The degree of strategic complementarity in this case

36 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.

37This 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=0.707. I 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. I also restrict the data to pre 2020 to exclude the COVID-19 period from the sample.

Ou

3The unconditional standard deviation is given by —Z«— in the model which is 0.0154 in the data.
\/1—p2

PThis is due to potential concerns in matching the unconditional volatility. Calibrating the standard deviation 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 [ know, there is no unanimously agreed-upon series for monetary shocks.
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and when K — oo, is then given by

. B =1
Igl_IgoOéK—CWJF(l C)—1+7n 1.2)

The new parameter ¢ allows us to match the degree of strategic complementarity to any target in the
monopolistic competition model. Importantly, ¢ does not directly affect anything else in the model and

only shows up in the expression for a.

J Symmetric Stationary Equilibria and Solution Method

This appendix has four subsections. Appendix J.1 defines the notion of a symmetric stationary
equilibrium for the dynamic model and discusses some of its properties. Appendix J.2 derives
the equations that need to hold in such an equilibrium. It further characterizes this equilibrium
as the fixed point of a mapping on a set of lag polynomials for the evolution of prices, given a
Markov state space approximation that is used for solving the dynamic rational inattention prob-
lem of firms. Appendix J.3 outlines the main algorithm that I use for finding this fixed point using
an “integrated moving average (MA)” state space approximation (Algorithm 1). It concludes with a
description of how this method is implemented in the replication package of the paper, which is publicly
available at https://github.com/afrouzi/strategic-inattention with the following direct download link:
https://github.com/afrouzi/strategic-inattention/archive/refs/tags/v1.0.0.zip. Finally, Appendix J.4 exam-
ines the robustness of Algorithm 1 by replacing the integrated MA approximation with an alternative one
based on an ARMA approximation (Algorithm 2), as in Mackowiak, Matéjka, and Wiederholt (2018),
and shows that the results delivered by these two alternative algorithms are numerically identical by
comparing the maximum distance between their implied IRFs as well as replicating the main quantitative
results in Tables 4 to 6.

J.1. Definition of Symmetric Stationary Equilibria

To define the notion of an equilibrium for the dynamic game, let (S;,j)(j7k)e( 7x I) denote the initial
information sets that firms take as given at time 0. Moreover, let ¢; ;. denote a strategy profile for any
firm j,k in the economy, which consists of choices of signals over time along with pricing strategies for
every period that maps the firm’s information set at that time to a price:

G =(Sjrt S8, =S USjkapjne:Sjp—R)izo S, given, J.1)
We start by revisiting the problem of a single firm given a set of strategy profiles for other firms. Fix
a firm j, k, and (with a slight abuse of notation) let ¢ = (§l,m)(z,m)7s(j,k) a set of strategies (not nec-
essarily equilibrium strategies) for all other firms. Define 7 ;.(s) = (¢, pl,m,t(Sim))(l,m)#j,k) and
X:3(s) ={Zjr+(c) : 0 < 7 < t}. Note that under strategy profile 5, X7, (<) has a stochastic (but
potentially time-varying) process that is exogenous to firm j,k and is taken as given by that firm—this
process can be time-varying because ¢ can be such that other firms are changing their pricing strategies

over time beyond what is implied by shocks alone.
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In proof of Proposition 6, in Equation (H.2), we showed that with this notation, given a ¢, firm 7,k’s
problem under an initial information set S f,fl can be cast in the following form:

max - —Zﬁt Bj(jea =" (Z14(6))) 2 +wI(X] ()5 115518 (.2)

. t .
{Sjyk,tCSj,kﬂpjyk,t(S >0  t=0

subject to S;yk = Sﬁl US ke, V>0, Sj_kl given, p*(zx+(s))=(1—y)@+a;pj—r+(s)

With this specification of a firm’s problem at hand, the following definition extends the notion of a
pure strategy Gaussian equilibrium that we defined for the static game in Definition 1 to the dynamic case:
Definition 3. A pure strategy Gaussian equilibrium is a collection of initial information sets, (S]_,g1 )G k) eIx K
along with a collection of strategies for firms (%‘,k)(j,k)e( Jx 1) such that (1) given these strategies and
initial information sets, no firm 7,k has the incentive to deviate from ¢; ;. according to the objective defined
in Equation (J.2), and (2) (qs,p;..:(S 1 ))t>0 (/%K) is a multivariate Gaussian process. Moreover, we
call such a pair of initial information sets and strategies, (S]_k1 agj,k)(j,k)e( JxK)> & symmetric stationary
Gaussian equilibrium, if they also satisfy the following additional conditions:

1. Symmetry: the pricing strategies of firms within all sectors with K; = K € Supp(K) competitors

are independent of firms’ identity (index) and only depend on their information sets:
Vt>0,VS' CS'\V(5.k),(I,m) € (Jx K),K;=K;: Piki(SY)=Drms(SY) J.3)
2. Stationarity: the pricing strategies of all firms depend on time only through their history of signals
and not on the time index itself:

Vt,h>0VS eS' V(jk)E(IXK):  pixi(S)=pjrn(S) (J.4)

Discussion. To clarify the restrictions of symmetry and stationarity, let us note that since, in a Gaussian
equilibrium, the ideal price of firm j,k, p*(z, 4 +(<)) in Equation (J.2) is also Gaussian (because it is the
sum of Gaussian processes), firm j,k’s optimal price, p; x.+(S} ;) = E(p" (Zj1,)|Sjxt), will be a linear
function of the history of its signals:

Pika(SE) = 0741 Sikar (1.5)

>0

where coefficients (; ;¢ )>o are determined by its optimal Kalman filtering problem. In this context,
symmetry requires that for any two firms (j,k) and ({,m) in oligopolies with K ; = K; = K &€ Supp(K)

competitors

]kt let K,t? Vt207VT20 (J6)
Furthermore, stationarity requires that

Rt =0k n =0k, Vth=0Y7>0 J.7)

An immediate observation is that stationarity can arise only for specific initial information sets. For
instance, if 67, , 7 0,7 >0 which is usually the case in imperfect information models with endogenous

signals (usually referred to as the “infinite regress property”), a necessary condition for the equilibrium
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to be stationary is that there should be countably infinitely many signals in S]_kl forall (j,k) € (Jx K).
Moreover, these infinitely many signals should be such that given this history and others’ strategies, a
firm 7,k will continue to choose signals over time that induce similar optimal filtering behavior. This
is a well-known property of the equilibrium in rational inattention pricing models with monopolistic
competition, pointed out by Mackowiak and Wiederholt (2009). In such models with monopolistic
competition, the game specified here is a mean-field game with infinitely many firms, where every
infinitesimal firm takes a stationary process for the average price of all firms as given, and chooses
its own pricing plan to maximize its profits. It is then assumed that each firm receives infinitely many
signals at the initial period so that its own optimal pricing strategy is also stationary. The equilibrium
in that setting is then a fixed point where the stationary process of the average price is consistent with
the optimal pricing plan of each individual firm.

In this sense, the definition above formalizes and extends this fixed point notion to the case of the
game with many sectors with finite and potentially different numbers of competitors: each firm 5,k takes
as given that its competitors are following a stationary pricing strategy, and chooses its own pricing
strategy to maximize its profits. We then require that this firm starts from an initial information set that
is such that its optimal pricing strategy is stationary (as in Mackowiak and Wiederholt (2009), this is
similar to assuming that once the firm has solved its problem at time O, it will receive infinitely many
signals such that its initial information set induces a stationary filtering behavior going forward).

The equilibrium is then again a fixed point for these strategies and initial information sets such that
the stationary strategy of other firms is consistent with the optimal pricing strategy of each individual
firm, given its own initial information set.®’

Finally, it is worth noting that while a symmetric stationary equilibrium implies that firms’ pricing
strategies remain time-invariant over time (and in this sense constitutes a “steady state”), it does not
necessarily need to emerge as the limiting steady state of the rational inattention game starting from any
arbitrary set of initial information sets. But conditional on a steady state emerging from a set of initial
information sets for the game, such a steady state must be a stationary equilibrium. In this sense, the

definition of stationarity above is a necessary condition for the existence of a steady state for the game.®!

J.2. Solution Method and Characterization of the Symmetric Stationary Equilibrium

Suppose the pair (Sj_’kl,gﬁk)(j,k)e( Jx k) 18 a Gaussian symmetric stationary equilibrium. This section

outlines a two-stage procedure for finding the fixed point described above. In the first stage, I solve for

a firm’s optimal pricing strategy, given that others play a stationary strategy. In the second stage, I derive

%0For a broader context on this definition, it might also be useful to consider the following analogy with heterogeneous
agent models such as Bewley-Huggett-Aiyagari models. In these models, policy functions are typically time-dependent
given the initial distribution of endogenous variables, but a stationary equilibrium can be defined as the one that arises under
a particular “stationary initial distribution” that induces optimal policy functions that are time-independent.

®I'This is again analogous to the case of heterogeneous agent models where a stationary equilibrium is a necessary
condition for the existence of a steady state but such a steady state might or might not emerge as the limiting steady state
of such an economy starting from any initial distribution.
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the conditions for the symmetric stationary equilibrium fixed point. I use these conditions in the next
two subsections to outline two iteration algorithms for how one can update the guess for the symmetric

stationary strategies of other firms in the equilibrium and repeat the process until convergence.

Stage 1: Solving a single firm’s problem. Fix a firm (j,k) € (J x K') and suppose that each of its com-
petitors price according to a symmetric stationary pricing strategy so that their price can be decomposed

to its projection on fundamental shocks and orthogonal residuals:

Pt =Vju(L)uetbjo(L)vje, VIFE J.8)
where 9, ,,(L) and v;,(L) are lag polynomials and w, and v;,;, are Gaussian innovations to money
growth and the mistake of firm j,/ (due to the rational inattention errors in its signals), respectively. It

then follows that the average price of firm j,k’s competitors, p; _ +, follows:

1 1
Pj—kt= ﬁl#zkpj,z,t =Vju(L)us+50(L)Vj kty  Vj-kp= K1 #Zkvj,l,t (J.9)

where we normalize the scales of the lag polynomials such that Var(u;) = Var(v; ) = o2. It then

follows that the firm j,k’s ideal price is given by:

Py =1=0;)@40;pj (J.10)
= ((1=a)Yqu(L)+atju(L))w+a;; (L)vj kg (J.11)

where v, (L) is the lag polynomial that maps innovations to money growth to nominal demand:

U 1
Agi=pAartu = = L)t(l 5 = YD = T A (1.12)
Now, for ease of notation, let us define:
T = (=) g u(L) +oyibju(L))ue (J.13)
5t = 00 (L) V) -kt (J.14)
so that we can write

Pk =T T (1.15)

where z, , 18 the projection of the ideal price on the history of monetary shocks. 7, , is then the residual,
representing the variation in the firm’s ideal price that is induced by its competitors’ mistakes in their
signals, which are potentially correlated but are independent of monetary shocks.®?

In the next step, to map this problem to the Gaussian dynamic rational inattention problem as in
Mackowiak, Matéjka, and Wiederholt (2018) or Afrouzi and Yang (2019), we approximate the processes
Y u(L)ug and v, ,(L)v; _i . such that they can be written as a linear function of a multivariate process

with a Markov state space representation.®® In particular, suppose there exist Markov Gaussian processes

21n monopolistic competition models with rational inattention, it is assumed that x;’ 1.1 =0, but that is not the case here
because of a finite number of firms in every sector.
3See, e.g., Han, Tan, and Wu (2022) for a proof that such processes can be approximated in this way with arbitrary accuracy.
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& eR™and ft” €R™ for some n,m € N such that

SR HLE =AW Qi A €RTTY QR J.16)
]ktNH/ fgktv jz'),t:AJ',U jlf,tfl—"_Qj»vUjv*kvt’ Aj,vERmxmv Qj,UERm (J.17)

Below, I will discuss two different approaches to perform this approximation and obtain the matrices
HjwHjoy, Aju, Ajy, QjuyQj v, One using an integrated MA truncation and another using an ARMA
approximation as in Mackowiak, Matéjka, and Wiederholt (2018) and show both methods deliver

numerically identical results. For this section, however, let us take the state space representations of

u
§jr and &7y, as given. We can define the augmented state & = [ UJ * | which has the following
gkt
stationary Markov state space representation:
Eie=1| " Eipprt| " (J.18)
0 Ajyv 0 Qj,v Vg, —k,t
Aj eR(n+m)X(n+m) Q] eR(‘TL’+m)><2 Eﬁjﬁk,tN\]\?(O,Uilg)
Therefore, p, , | imated by H’ here H,— | "
erefore, p7, , is approximated by H&; .+ where H; = "
J?U

With this state space representation, the problem in Equation (J.2) is analogous to the one derived
in Lemma 2.4 (Proposition 1 in October 2019 version) in Afrouzi and Yang (2019). Following the same

steps in the proof of that problem, we can then write the firm’s problem as

1 — |13 41e-1]
max  — Bitr(H;H'Y, —|—wln<]’— J.19
I T 9 LU e a1
s.t. zj,H”t:Ajzjt‘tA +0.Q;Q5 Vt>0 (J.20)
Ej7t|t_1—§]]t|t>‘0 Vt>0 20|_15Var(§j,k,0]5jfkl) (JZI)

where 77 0 denotes positive semi-definiteness. Here 3J; ;1 = Var(¢ j7k7t|8§77€1) and X, = Var(fj7k7t|5§7 %)
denote the prior and posterior covariance matrices of the firms’ beliefs about &; ;, ; at time ¢ given their
information sets at time ¢ —1 and ¢, respectively. Moreover, %; o1 is the prior covariance matrix of §; o
given the initial information set Sj_kl The above representation of the problem indicates that, given a
quadratic objective and an initial Gaussian prior, the distribution of firms’ belief about the state {; ;. ; only
matters through its conditional covariance matrices over time. We can then solve this problem using
the same method as in Afrouzi and Yang (2019) and obtain the stationary pair (3, _1,%;) such that
given that 35— =X; _; then it is optimal for the agent to set 3J; ,; = X 0,V¢ > 0, and the initial prior is

reproduced by J; ( in the sense that the law of motion for the covariance matrix of the state implies
]_1 A D OA/*FO'UQ]Q (J22)

The interpretation of this procedure is that when the firm’s ideal price follows the stationary process

described above, if firm j,k’s initial information set is such that Var(&; 4, o |Sj_k1) =>_,, the firm’s optimal
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posterior beliefs about the state are also stationary over time and are given by Jy. One can interpret this
similarly to Mackowiak and Wiederholt (2009) as when the firm receives infinitely many signals at time
0 such that >>_; emerges as their initial prior.

A byproduct of this solution is that we obtain the shape of optimal signals that emerge under this
information structure. In particular, we know that the firm receives a one-dimensional signal in this case
because there is only one action taken at each period (see, e.g., Mackowiak, Matéjka, and Wiederholt,
2018) or (Afrouzi and Yang, 2019, Lemma 1):

Sikt =Y]&jmtt € (J.23)
where Y; € R"*" is the loading of the signal and €, ; ~ N (0,0]2-’8) is the rational inattention noise of the
firm that is orthogonal to the history of (ur,v; .+ )r<¢.** Then, letting A; =%; 1 Y;(Y/%; 1Y;+07.)7"!
to denote the Kalman gain that emerges under these signals for predicting §; j, ;, we can write the firm’s

beliefs about the state as
éj,k,t EE[fj,kAS;,k] = Ajéj,k,tfl +AjY}I(5j,k,t _Ajéj,k,tfl) +Ajej ke (J.24)
= Eipt—Ejhe= (I—AjEI)Aj(éj,k,tq—fj,k,tq)—i-/\jej,k,t— (I=MY))Qj€me, €jpe = (we,05 k)
Now iterating this backward and replacing &+ = Z:’;OA;Qj € k,t—7» WE obtain the projection of

é ; &+ on the history of shocks in €; 1, s = (u¢,v;,_1+)" and the history of the firm’s own rational inattention

eITors €; 1. 4:
Gkr= [AT—((I=NY))A) (T= MY Qs€jnert D ((T=NY)VA) Ajejhs—r  (J25)
=0 =0

and, finally, since the optimal price of the firm is given by p; ., = H ]’é jk,t» We have:

Pika= Y Hj[AT—((I=NY))A) (1= ANY))] Qi€jnirt > Hi(I=NY])A)) Ajejir (1.26)
7=0 7=0
which can be opened up as

Pjkt= ij,u,Tut—T +ij,v,7—vj,—k,t—7 +ij,e,7—€j,k,t—7 (J27)
=0 =0 7=0
where
Wy =H[A] = (1= A;Y)) Aj)" (1= A;Y)) [ (Q],,.0') J.28)

Wj,r = H[AT = (1= A;Y)) A;) (T =AY [ (00,Q35,)

Wer =Hi(1=N;Y])Aj)7A;
Stage 2: The Fixed Point. Recall that, at Stage 1, we started by taking the stationary process of other
firms’ prices as given and solved for a single firm’s optimal pricing strategy. In particular, we assumed

%4Note that for the Kalman filtering problem, the scale of this signal is indeterminate; i.e., one can multiply the signal
by any scalar without altering its optimality since such multiplication does not alter the signal to noise ratio; i.e., the Kalman
gain vector A; adjusts with the scale such that the scale of the signal is irrelevant for inference. The DRIPs.m package of
Afrouzi and Yang (2019) sets this scale such that the the signal of the firm is its optimal price up to an additive constant
(this makes the signal correspond to the equivalent of the recommendation strategies discussed in the static model).
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that for [ #k, p; ., has the following decomposition:
Piae=Vju( L)+ (L)vje (J.29)

Now, in a symmetric equilibrium, the same 1); (L) and v, , (L) should also represent the pricing strategy

of firm j,k. Therefore, we have two representations for j,k’s price; one from the guess

Pikt= > Wjurti—rt Y GjorVipir (1.30)
and the other from the optimal pricing sthaOtegy derived 71:1(2161‘ this guess:
Pikt =D Wurthiogt Y (W rVj g tmr+WerCjhi r) (J.31)
It follows that in the symmetTr:ic(:) stationary c;;(jilibrium, the following conditions should hold:
Wjsr = Pjur VT 20 (1.32)
V),V ko t—r = Wi, rVj,—k t—r + Wje €5 t—7,VT 20 (J.33)

Note that the first equation already defines a part of the fixed point problem for the projection of prices
on monetary shocks. However, to characterize we also need an updating rule for ¢; ,, -, which can be
obtained by making the following observations about v; j, +,v; _1 and e; ;. ;. Since ;¢ L v; _ We can
take the variance of both sides of the second equation above to obtain:

2 2 2 2 2
Vi Var(j pp—r) =W, 0y +W5, 0, ; (J.34)

where we have already plugged in the normalization that Var(v; ;) =o?2. Second, since the distribution

of (vj1+)iex, should be symmetric in the symmetric stationary equilibrium, we obtain the following

condition by taking the covariance of both sides with v; _, ;:

wj,’UJCOV(Uj,k‘,t—T7Uj,—k:,t—7') = wj,’l},To-Z (J35)
Finally, by symmetry and our previous normalization of Var(vj ;) = 02:%
1 K:—9
O'Z = Var('ujy,k’t#) =Var ml;&zkvj’l’t‘r = mVar(vj,k,t,T) + Kj 1 COV(”j,k,tfﬂ/Uj,fk,tf‘r)
(J.36)
Multiplying both sides of this last equation by %2‘,@,7 and substituting the first two equations above, we
obtain:
1 K.—2
¢2.v O’i 7 1 (wgv -ro-i +w2'e 7—03 ) + ]—1/) v, W ',U,TUZ (J.37)
gt K;—1"7" perter K;—1" /

which is a quadratic equation in %); ,, , and has only one positive root given w;,, » and wj -

Therefore, we have a the following mapping between (v ., ,%;.» r) and (Wj 4 r,W; 4 7,Wj e r):

Vjuyr = Wju,r, VT 20 (J.38)

%51n deriving this equation, I have used Var(v; . +) =var(v;; +) and Cov(vj . ¢,0;,—k.+) = Cov(v; i ¢,v;.1,¢) forany [ # k.
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2\ K;—1 K;j—1)2 207 K1 o7

Finally, recall that in the definition of a symmetric equilibrium (Definition 1) we are looking within

1 K;—2 K;)? 4 »
Viwr =5 T Wi+ \/ (( S +———w?, (Z20)2 ) yr >0 (1.39)
Ou

strategies in which all sectors with the same number of competitors have the same pricing strategies; thus,
the index j on the lag polynomials ¢, ,,(L) and ¢; , (L) emphasizes that these coefficients can vary for dif-
ferent values of K; but not with j directly. As aresult in the rest of this section, we will often use notation
Vi - and Vg, - to emphasize that these coefficients are the same for all firms in a sector with /' competi-
tors. The solution of the model then boils down to characterizing the coefficients of the lag polynomials
for every K in the support of the distribution of the number of competitors /C, (@DK,U,TWK,U,T)EGOSupp(,C),
such that the fixed point condition in Equations (J.38) and (J.39) holds for all K € N and 7> 0.

Once we have these coefficients, we can then construct the impulse response of prices and output
to monetary shocks for sectors with K competitors using the symmetry of responses within such sectors,
and then construct the impulse response of aggregate price and output by weighting the responses of
sectors with K competitors by their shares in the distribution of number of competitors, X.°® Formally,
letting s denote the share of firms with K competitors in the distribution of the number of competitors,
we can write the aggregate price as:

1 1
=275 2P =2 T 2 (Ui a(Lu o (L)vsior) (1.40)

jeJ I keK; jeJ ) kekK;

Now, noting that mistakes are independent across sectors and .J is large (because firms only pay attention
to mistakes of firms within their own sector but across sectors), the term involving mistakes washes out

in the aggregate prices and we have:

Pt:ZJ;ZIﬁKj,u(L)Ut: > sktkuDu=vpu(Lu,  Ypu(L)= Y sxtba(L)

jeJ J keK; KeSupp(K) K eSupp(K)

(J.41)
It then follows that output is given by

ytZQt_pt:<wq,u(L)_wp,u(L)>ut (J42)
J.3. Integrated MA State Space Representation and Solution Algorithms

In this section, I discuss the first algorithm that I use to find the fixed points for the coefficients of the

lag polynomials (¢ 5 4,9 KWJ)EEOSHPP(K), which is based on an integrated MA truncation algorithm.

We derived the fixed point conditions in Equations (J.38) and (J.39) by relying on an approximation

% First note that in the benchmark model, Dj,¢ +¥j,¢ = q¢ since sectoral goods are neither complements nor substitutes
(Cobb-Douglas preferences imply that the expenditure share of household on sector 7 is constant so in log-deviations total
nominal demand moves one to one with sectoral nominal demand of j). Thus, y; ; can be constructed as y; ; = q; — ;¢
once we have p; ;. Moreover, note that in the symmetric steady-state around which we have linearized the economy, the
total expenditure share of the household on sectors with K competitors is simply the share of such firms in the distribution
of the number of competitors, KC. So the aggregate price p;, which is the expenditure share weighted price across all sectors,
can be calculated by summing up the responses of sectors with K competitors weighted by their shares in K. Aggregate
output is then given by the difference between the nominal GDP, ¢;, and the aggregate price, p;, as ¢ =D+ Yz
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of the process for the ideal price of firms in Equation (J.15) with a Markov state space representation
in Equation (J.16). Using Equations (J.13) and (J.15) we can write the ideal price of firm j,k (where j
is an industry with & competitors) as:

0 00
p;‘:k,t = Z((l - aK)wq,u,T +@KwK,u,‘r)utf‘r—i_ajzwl(,v,‘rvj,fk,tff (J43)
;1':0 . 7=0 ,
E;g E;{
K.t 7.kt

Thus, the coefficients (Vg .+, VK ur VK wr) e, constitute the MA(oo) representation of the ideal
price with respect to shocks to nominal GDP growth and the average mistakes of other firms in j’s sector.

Now, if prices were stationary, then these sequences would have been square summable (often
denoted as being in ¢?), and thus their coefficients must have converged to zero as 7 — oo. Hence,
one could have approximated these coefficients arbitrarily well with an MA(T") process for large 7.
However, since nominal GDP is assumed to have a unit root, this is not a proper approximation by
itself as 9, ,, - is no longer square summable. Moreover, prices themselves also inherit the unit root
from ¢;.%” Therefore, neither Vg u,r NOT Vg, » converge to 0 as 7 — oo. Thus, we need an approach for
approximating these polynomials that takes these unit roots into account. As for the mistakes polynomial
coefficients, ¥ , -, these are square summable because they are only a function of the current and past
signal noises (e, 1+ : k € K;) of firms in sector j. Since signal noises of any firm are i.i.d. over time, and
firms put less and less weight on their past signals to partly take their newer signals into account, we
can truncate the MA(oco) representation of these arbitrarily well with an MA(T') process.

The idea behind finding a state space representation for the Markov process that respects the unit
roots of ¢; and p; _,, is to use an integrated MA truncation by defining a random walk process in terms

of monetary shocks:

iy = 1% = ;um (J.44)

We can then re-write the ideal price of firm j,k in terms of w;:
D=1 —ar)gu(L)us+ax P u(L)u+arr, (L)vj k. (J.45)
=(1—ag) Ao (L)i+axg Ak (L)t +ax Vi, (L) g (J.46)

where we have defined A, (L) = (1— L)1), (L) and Ak, (L) = (1— L)Yk (L). Itis easy to verify
that the coefficients of these two polynomials are square summable. To see why, we can make the

observation that they correspond to the IRFs of the growth in nominal GDP and prices of other firms:
AQt = (1 - L)Qt = (1 - L)¢q,u(L)ut - A¢q,u(L)ut (J47)
Apj,—k,t = (1 - L)pj,—k:,t = (1 - L)¢K,u(L)Ut = A¢K7U(L)ut (J.48)

Now, since both ¢; and p; _, ; have exactly one unit root, their difference, Ag; and Ap; _j,;, are stationary

%7To see why, note that if prices do not have exactly one unit root, then any firm’s losses, ((1 — ) Q0P ket fpjk,t)z,
would grow unboundedly so optimal information acquisition around a steady state with bounded profit loss implies that
prices should have exactly one unit root
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and their IRFs are square summable. This implies that the coefficients A, ,, - and Ay ,, - converge
to O for large 7. So for a given level of tolerance, we can find T;, and T}, such that for 7 > T}, and 7 > T,
At)y.. - and Ag, - are approximately zero under that tolerance level.%®

Now, consider the following state space representation. Fixing 7, and 7;, as above, let U jtk =

(Ut oy 1, ,0f kot Vj k.7, ) € RT* T2, Then, we can write the law of motion for U , as:

G, ] T10 0 o] an | [ 1]

fiy_y 10 0 .. 0 fiy_s

s =101 0 .. 0 s |40y | 0 |u (J.49)
T 00 0 1 0] G 0
Lt ]| g I l LY

5[775 =A, :Ut71 =Qu

so that the first row gives u; =t;_1 +u, and the rest of the rows give u;_, =1u;_p,Vh > 1. Moreover, note

that

Vj,—k,t 0 0 O ... 0 V5 —kt—1 1
Vj,—kt—1 1 0 0 Vj,—k,t—2 0
Vj —k,t—2 =101 0 .. 0 Vj —k,t—3 +1 0 Vj—k,t (J.50)
Vj,—kt—T, 00 O 1 0 V5, —kt—T,—1 0
~~ >y A ~~ 7\ ~~ v
E‘/gt,fk' :Av E‘/f’ik :Qv

so that each row gives v; _ —p = vj _i+—pn. Given these laws of motion, we then have the following

augmented state space representation for U jt i

Ut A, 0 w 0 u
L=l = T gt Qu 01 ' .51
Vik O, Ay ’ O, 1 Q@ Vj—kt
=A =Q
We then approximate the ideal price of firm j,k as:
Tu Ty
P PP = D (L= s ) Ay r +aue A Wi +05 Y Uk i _pir=Hj Ul (1.52)
7=0 =0

%81n the code for solving and calibrating the benchmark model, I set that T}, = 60 and T}, = 30 (i.e. implicitly assuming
that inflation and output responses to monetary converge to zero within 60 quarters (15 years). These are then confirmed
in the implied IRFs of the calibrated model, where both these responses converge to zero within 12 to 16 quarters. See, e.g.,
Figure A.5). Thus, these values are large enough that, but small enough that the state space representation is not too large
(90 x90). Additionally, I solve the model also with T, =40 and T, = 20, obtaining identical results. In that sense, T, =60
and T}, = 30 are conservative choices that allow for longer truncations, but these turn out to be unnecessary. Beyond the
benchmark model, I set T, =40 and T, = 20 across some of the robustness exercises in Appendices L and M.
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where

A1/’(1,u,0 A/l/}Kj,U,O
Aty Ak
Hy,=(1—ax,) w‘g T fag :f’{ T (J.53)
Kj,v,O
L 0 ] L ij,mv,Tv

Note that this integrated MA truncation is only inaccurate because it implicigly assumes that Ay, » =
0,V >T,+1and Yk, ,=0,V7 >T,+1. But since these coefficients are square summable, for large
enough 77, and T,,, we know that (At o, )77 (VK v,r )72, are arbitrarily small and close to zero.

Moreover, one subtlety here is that by differencing out the lag polynomials, we have pushed the unit
root of the process to the state space itself (as captured by the fact that the matrix A now has an eigenvalue
on the unit circle). Accordingly, the unconditional covariance matrix of U jt & 1s now unbounded, which
might undermine the accuracy of this approximation. However, the key is to recognize that this approx-
imation only needs to be accurate from the perspective of a firm that takes the process of its ideal price as
given and solves its rational inattention problem. Such a firm does not evaluate the variance-covariance
matrix of the U}, unconditionally, but rather conditional on their information set. Itis then straightforward
to see that a covariance matrix that is growing unboundedly cannot be an optimal choice for firms in equi-
librium, as it would mean that their losses from mispricing grow unboundedly with time. However, since
the cost of attention is only logarithmic in the determinant of this covariance matrix, as uncertainty gets
larger, the marginal cost of reducing that uncertainty becomes arbitrarily smaller for the firm. So it must
be that the equilibrium covariance matrix for U ]t . is bounded and the approximation above is accurate.®’

So the fixed point problem boils down to finding the finite sequences (Avx.+) %0, (Vi vr ) 0s
which we can solve using the following algorithm:
Algorithm 1 (Solving the Model with Integrated MA Approximation). For a given K € Supp(K):

1. Start with a guess for (AYx ...+ ) "0, (Vi v+ )12, (at iteration 0, set them equal to their values under

rational expectations with full information: Ay ,, - =p" and Vg, » =0).
2. Form matrices A, (), and H using Equations (J.51) and (J.53). Solve the rational inattention
problem of the firm in Equation (J.19) using the method in Afrouzi and Yang (2019).
3. Using the solution to the dynamic rational inattention problem, find the stationary pair (3, 1,3, )

9See also the discussion in Section 4.4 of Mackowiak, Matéjka, and Wiederholt (2018). In that paper, the dual rational
inattention problem is studied where the capacity of processing information & is exogenous. Therefore, an additional condition
is that x needs to be large enough. Here, since we are considering the problem where the firm also chooses « endogenously, it is
then implied that the equilibrium x would be such that equilibrium beliefs are finite; otherwise, firms are making unboundedly
large losses in profits from mispricing, which cannot be an optimal choice of . For the simplest working example, see also the
simple pricing model in Afrouzi and Yang (2019) which assume that the nominal GDP process is a random walk, and shows
that the equilibrium beliefs of firms are bounded above by a reservation uncertainty level. More generally, the proofs provided
in that paper for the characterization of stationary covariance matrices go through when A has an eigenvalue on the unit circle.
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and the implied Y;, A; and ai ; to construct the time-invariant IRFs of a firm’s optimal price with
respect to shocks in Equations (J.27) and (J.28).

4. Use Equations (J.38) and (J.39) to derive the implied (1) KMJ)ZQO,(w K,W)Z“:O.

5. Update the guess for (At ) %0, (Vrc.0.r )12 using the implied values from Step 4 and repeat
the process in Steps 1 to 5 until convergence.

6. Once the fixed point is found for all K € Supp(K), construct the aggregate IRFs of prices and
output using Equations (J.41) and (J.42).

Implementation in the Replication Package. To conclude this section, I briefly discuss how Algorithm 1
is implemented in the replication package of the project. The code in the replication package is automated
to produce all model-based results through the single file . /main.m. In particular, lines 19 to 32 of this
file are switches that take values " v’ (yes) or ' N’ (no) that determine whether the user wants to replicate
a particular result. Each switch, when setto ’ v’, then calls a particular part of the "main.m’ file that sets
up the parameters, solution method options, as well as simulation and calibration options when required
and dispatches the proper internal functions to solve, simulate and calibrate the respective model.
Specifically, the replicate.Calibrate_Benchmark switch replicates the solution, simulation,
and calibration of the benchmark model using Algorithm 1. The two files that implement the solution
of the model using this algorithm are ./codes/matlab/solve_models_int_ma.m as well as the
accompanying file ./codes/matlab/solve_model_int_ma.m. To briefly describe what each of these
functions does, the file solve_model int_ma.m solves the model for a given set of parameters using
Algorithm 1. This file is exclusively called by solve_model_int_ma.m, which takes an array of values
of K € Supp(K) as well as other parameters (e.g., multiple values of w) and dispatches multiple instances
of the first file for parallel computation in order to solve several models simultaneously. A key observation
about Algorithm 1 is that it requires simultaneous convergence of the Dr1Ps.m algorithm of Afrouzi and
Yang (2019) (this happens in Step 3 of the algorithm when we find the matrices Y},>; 4 ,Zw,aa ; givena
guess for the coefficients of lag polynomials) as well as the convergence of the lag polynomials themselves
(which happens in Step 5). It turns out that doing these sequentially is computationally expensive, so in
the solve_model_int_ma.m, I further parallelize the convergence of these objects using the following
procedure: for every guess of the coefficients of the lag polynomials, I only do a small number of
iterations in the DRIPs.m package (10 iterations) but augment the convergence error of the rational
inattention problem to the convergence of Algorithm 1 (this is returned automatically by the pRTIPs.m
package as ri.ss.err). Then, I compute the implied coefficients for the lag polynomials in an inner
loop. The algorithm confirms convergence when all convergence errors are small; i.e., both ri.ss.err
and the difference between the coefficients of the lag polynomials in two consecutive iterations are
Jjointly smaller than a given tolerance level. With this approach, the algorithm avoids solving the dynamic
rational inattention problem fully for every wrong guess of the coefficients for the lag polynomials, but
once everything converges, it is implied that the rational inattention problem is also solved properly.

This updated algorithm is very fast in solving the problem, which is necessary for solving the model
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with high precision for a large number of values of K € Supp(K) and w’s required for calibration.
Once the model is solved for a given w and all K € Supp(K), solve_models_int_ma.mreturns a
structure containing all the impulse response functions of the model for different values of K as well
as the IRFs of aggregate inflation and aggregate output. The file . /codes/matlab/simulate.mthen
simulates the model for a large number of firms and computes their forecasts and nowcasts of inflation
over a time series of length T', burns some initial periods, and generates two cross-sections of firms’
expectations, similarly apart in time according to the survey evidence I use to calibrate w. It then adds this
simulated dataset to the solution structure of the model and returns this augmented structure. The function
./codes/matlab/calib_eval.mthen runs the regression for the calibration of w in the simulated data
and calculates the model implied moment. It then computes the distance between this simulated
moment and its equivalent from the data in Table 3 and returns the quadratic difference between the two.
Finally, the function ./codes/calibrate.m automates the procedure of minimizing this calibration
loss function to find the value of w that minimizes the distance between the data simulated moment and
its empirical counterpart using a Nelder-Mead optimization algorithm. To confirm identification, I then
resolve the model on a grid of w’s around the optimized value of w and plot the simulated and empirical
moments as a function of w in Figure A.3 to show that (1) the empirical moment is informative of w in
the model and (2) the value of w returned by the Nelder-Mead algorithm matches this moment well.
Finally, it is worth noting that in order to standardize the initial guesses for w across different models
and parameter values, I use the following change of variables in the code. Recall the dynamic rational

inattention problem of a firm in Equation (J.19):

I 12411
—=N | Bitr(H;H.Y In| 21— J.54
(S50} 22{ jtr(HHj J’””“( [t 09
st Sjap =45 A +0.Q;Q, Vi=0 (1.55)
Ej7t|t_1—2j7t|t,>\j() thO, 20|_1EV3r(£j7k’0’Skal) (J56)

When coding this problem, I utilize the following change of variables: w = 5= where B, =

limg, o0 B from Equation (28), X7, , = ¥ y¢/02, and X7, | =31 /02 It then follows that the

gt Jtlt—

problem can be written as

Bjo? - |27 tt— 1

——==) |tr(H;H; v—=1 2 1.57

{Z;{ﬁgg{}tzo 2 ; [ T< Jt‘t) w B n( ’Z t\t‘ ( )

s.t. E;‘Hl‘t AJ ]t|tA’—|—QJQ Vt>0 J.58)
?:ﬂt*l_ MtNO Vit >0, 28‘ 1_Var(éjkd k)/a J.59)

This is a normalized version of the problem that harmonizes the solution across different parameter
values for optimization over w. Once I have solved this problem for a given set of parameters including

@, I then recover w =072 Boo@, Lyji—1=0 Zﬂt yand Xy =0 E|
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J.4. Robustness: ARMA Approximation

In this section, I discuss the robustness of the integrated MA truncation approach to an ARMA ap-
proximation of the state space representation, as in Mackowiak, Matéjka, and Wiederholt (2018). The
conclusion is that for the values of T}, and T, that I use in the paper, the results of the integrated MA
truncation are numerically identical to an ARMA approximation.

To briefly summarize the robustness of results to this alternative approximation, the maximum
distance between the output and inflation IRFs to a 100 basis points monetary shock, averaged across
all values of K in the model, are only 0.37 and 0.13 basis points, respectively.”’ Figure J.1 also shows
the IRFs of output and inflation for three different values of K across two methods and confirms visually
that these impulse responses obtained from the two algorithms appear identical.

Furthermore, Tables J.1 to J.3 present the analogs of Tables 4 to 6 in the main text, under this section’s
ARMA approximation. The results are numerically identical to the results of the integrated MA truncation
in Tables 4 to 6. Therefore, the results of the paper are robust to this alternative solution method.

The rest of this section describes the details of the ARMA approximation, presents an algorithm for
solving the model under this approximation, and concludes with a discussion of how this algorithm is

implemented in the replication package of the paper.

Output with Int. MA Truncation Output with ARMA Approximation
0.8/' K=2 0.8/' K=2
K=14 K=14
0.6 K =32 0.6 K =32
0.4+ 0.4 ]
0.2 0.2
Ot — 0 —
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Inflation with Int. MA Truncation Inflation with ARMA Approximation

0.4 K=2 0.4 K=2 |1
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“ \ ) \\
0 L L 0
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Figure J.1: IRFs under Integrated MA Truncation and ARMA Approximation Solution Methods

Notes: For different values of /X under the benchmark calibration of the model, the figure plots the impulse response of output
(top panel) and inflation (bottom panel) to a 1% expansionary monetary policy shock under the integrate MA truncation
of Algorithm 1 (left panel) and the ARMA approximation of Algorithm 2 (right panel).

70This is the average number across sectors with different K. Alternatively, instead of calculating the mean of these
maximum differences across different values of X, we can measure the maximum value of these maximum differences,
which is the total upper bound for the differences between IRFs generated by the two algorithms. For a 100 basis points
monetary shock, this max-max distance is 0.26 basis points for inflation and 0.70 basis points for output.
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Table J.1: Output and Monetary Non-Neutrality Across Models (Robustness to ARMA Approximation)

Variance Persistence
Model var(Y) *10" amp. factor half-life 1S amp. factor
(1) (2) (3) (4)
Monopolistic Competition 3.17 1.00 341 1.00
Benchmark K~K 4.07 1.28 3.71 1.09
2-Competitors K =2 4.69 1.48 4.12 1.21
4-Competitors K =4 4.14 1.30 3.79 1.11
8-Competitors K =38 4.00 1.26 3.62 1.06
16-Competitors K =16 3.94 1.24 3.58 1.05
32-Competitors K =32 3.92 1.23 3.56 1.04
oo-Competitors K — 00 3.89 1.23 3.55 1.04

Notes: The table presents the analog of Table 4 (which was computed using the integrated MA approximation) for monetary
non-neutrality across models with different numbers of competitors under the ARMA approximation of Appendix J.4.
Results are numerically identical across the two tables with minute third digits differences in Columns (3) and (4).

Table J.2: Inflation Across Models (Robustness to ARMA Approximation)

Variance Persistence
Model var(m) x10% damp. factor half-life 9" amp. factor
(1) (2) (3) (4)
Monopolistic Competition 1.47 1.00 4.42 1.00
Benchmark K~K 1.37 0.94 4.66 1.05
2-Competitors K =2 1.28 0.87 4.83 1.09
4-Competitors K =4 1.36 0.93 4.68 1.06
8-Competitors K =38 1.39 0.95 4.64 1.05
16-Competitors K =16 1.40 0.95 4.62 1.05
32-Competitors K =32 1.41 0.96 4.62 1.05
oo-Competitors K — 00 1.41 0.96 4.61 1.04

Notes: The table presents the analog of Table 5 (which was computed using the integrated MA approximation) for inflation
response across models with different numbers of competitors under the ARMA approximation of Appendix J.4. Results
are numerically identical across the two tables.

Table J.3: Strategic Inattention vs. Real Rigidities (Robustness to ARMA Approximation)

Percentage change
in variance of

output inflation
(1) (2)
Total Change (percent) 18.6 -9.7
Due to Str. Inattention (ppt)  78.6 -19.8
Due to Real Rigidities (ppt)  -60.0 10.1

Notes: The table presents the analog of Table 6 (which was computed using the integrated MA approximation) for the
decomposition of the effects of the strategic inattention and real rigidity channels for the change in volatility of output
(monetary non-neutrality) and inflation conditional on monetary shocks under the ARMA approximation of Appendix J.4.
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Solving the Model using an ARMA Approximation. To briefly discuss the main concern that leads to
this exercise, note that if inflation or output have very persistent responses, the integrated MA truncation
approach could possibly fail to capture these persistent effects. A solution for this, as proposed in
Mackowiak, Matéjka, and Wiederholt (2018), is to approximate the implied IRFs of the inflation and
output process with an ARMA process rather than an MA process to allow for such potential persistent
effects to be captured by the AR coefficients.

To do so, I construct the following alternative state space representation. First, recall from Equa-
tion (J.43) that:

p;,k,t :5171;(]- ,t+35;‘),k,t (J.60)
where 2, and z7, , are the projection of firm j,k’s ideal price on the monetary and mistake shocks,
respectively. The main issue, as discussed in the previous section, is that x}@j,t has a unit root and we
want to have a state space representation that approximates this process properly. To do so, we start by
doing an ARMA approximation of AI}QN. Since %, has exactly one unit root (as discussed above),

Aa:}@j’t is a stationary process and can be approximated arbitrarily well with an ARMA(p,q) process
(Mackowiak, Matéjka, and Wiederholt, 2018, Han, Tan, and Wu, 2022)'

p q
Axy = Gl A Y B = Axj qu] L) Zej Ly (1.61)
i=1 =0
To implement this into Algorithm 1, I use the state-space representatlon for ARMA(p,q) processes
proposed by (Hamilton, 1994, Ch. 13, p. 375, Equations 13.1.21-23) whose dimension is given by

r=max{p,q+1}. In particular, (Hamilton 1994, Ch. 13) defines:

p
Eie=( Z% L)y = (1) L=, (J.62)
i=1
which implies that
q q
= Zej,iLifj,t = Zej,ifj,t—i (J.63)
Now, in matrix form, followmg note that §; ; can be represented by deﬁnlng:
i1 Pj2 Piz - Pir 1
1 0 0 0 0
.= 0 1 0 0 [&oat+]| 0 |uy (J.64)
: D 0 :
0 0 0o 1 0 0
and noticing that
Ax’;(j,t: (ej,anj,la-‘-ﬁj,r)‘@,t (J65)

where we interpret ¢; ; =0 for i >p and 6; ; =0 for i > q.

Finally, note that the rational inattention problem requires a state space representation for %, and
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not Az",, but note that once we have a ARMA(p,q) state space representation for the former, we can

Jt
derive an ARIMA(p,1,q) state space representation for the latter using the following modification:
T q
= LAz, =0, 1 = ( quj LY(1-L)x Zej iLiu, (1.66)
i=1 =0

p—1
= (1= (14+¢;1) L= ($ji—djim1) L'+ L") Jt_Z(aﬂLut
=2

J.67)
or, in matrix form, if we define E}ft as:
1+¢j1 Gj2—Qj1 o Pjr—Ojr—1 —Pjr
1 0 0 0
E;tz O 1 O 0 Ej,tfl—i_ 0 Ut (J68)
: : . : 0 :
0 0 0 1 0 0
. ~ ~ N )
A Qu

where I have indexed A; with j to emphasize that the coefficients ¢, ; depend on the lag polynomials
of sector j’s prices and will vary with K ;. Moreover, once we have this state space representation, we

u .
can recover ', as:

7t

=(6p,01,...,0,.)-Z% J.69)
=Hj,u

where 6;; = 0 for ¢ > ¢. This also implies once we adopt the (Hamilton, 1994, Ch. 13) state space
representation for Az, and fix the dimension of the state vector Z;;, which is max{p+1,q+1}, we
can set r = p = q to take the most advantage of the ARMA approximation (i.e., for a given choice of r=p,
if we set ¢ < p then we are forcing some MA coefficients to be 0, whereas they could help with a better

fit if we leave them unrestricted.)
Finally, as for the projection of ideal prices on other firms’ mistakes, noting that z7 , , is already a
stationary process that is transitory due to the i.i.d. nature of signal noises, we can continue to approx-
imate it with an MA(T,) process as in Equation (J.50). Thus, the state space representation of the model

(under an AR(I)MA approximation of the monetary block) is given by:
u O T
Q (r4+1)x1 Ut 1.70)
0Tv><1 Qv Vj,—k,t
E‘Zj ;Z?
with the following implied approximation for pj , ,:

p;,kt_H U kwhereH (ej,anj,l7-~-a9j7r7aj77/}Kj,v,07-~-701j1/)Kj,v,Tv) (J71)
Thus, we can modify Algorithm 1 to solve the model with AR(I)MA approximation of the state space

b | S Aju Optixr, |1
Ujk: UL+

) Vt L Js
]ai

a OTU X (r+1) Av

representation as follows:
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Algorithm 2 (Solving the Model with ARMA Approximation). For a given K € Supp(K):

1. Start with a guess for (A¢k.u.) %, (Vx0r) 2, (at iteration 0, set them equal to their values
under rational expectations with full information: Ay, » = p” and ¢k ,, » = 0). Compared to
Algorithm 1, choose T}, to be large.”!

2. Approximate (A Kﬂtﬂ')zji() with an ARMA(r,r) process (here [ use the ’ z—Tran’ package of Tan
and Wu (2023) to do so, which I describe in more detail below). Choose r to be large enough that
the approximation is accurate (I find » =5 is more than sufficient and use this value).

3. Given the ARMA approximation from the previous step, form the state space representation
for x7, and Ty from Equations (J.50) and (J.68). Then, form matrices A;, (), and H; using
Equations (J.70) and (J.71). Solve the rational inattention problem of the firm in Equation (J.19)
using the method in Afrouzi and Yang (2019).

4. Using the solution to the dynamic rational inattention problem, find the stationary pair (2, _1,%;)

2
e7j’

respect to shocks in Equations (J.27) and (J.28).
5. Use fixed point Equations (J.38) and (J.39) to derive the implied (V5 v+ ) %0, (Vi w7 ) 120
6. Update the guess for (At ) %0, (Vi .0.r )22 using the implied values from Step 5 and repeat

and the implied Y}, A;, and o ., construct the time-invariant IRFs of a firm’s optimal price with

the process in Steps 1 to 6 until convergence.
7. Once the fixed point is found for all K € Supp(K), construct the aggregate IRFs of prices and
output using Equations (J.41) and (J.42).

Implementation of Algorithm 2 in the Replication Package. The file solve_model_arima.min
./matlab/codes/ folder solves the model for a given set of parameters using Algorithm 2 and is
calledby ./codes/matlab/solve_model_arima.m, Which takes an array of values of K € Supp(K)
as well as other parameters (e.g., multiple values of w) and dispatches multiple instances of the first
file for parallel computation. ./codes/matlab/solve_model_arima.m has a similar structure to
./codes/matlab/solve_model_int_ma.m, with the exception that when constructing the state space,
instead of the integrated MA state space, it calls another internal function, arima_approx.m, that
performs the ARMA(r,r) approximation described above, and constructs the ARIMA representation
in Equation (J.68). It then returns the matrices A;,,,H;, and ),,. The matrices are then augmented
according to Equation (J.71) after which the rest of the algorithm proceeds as in Algorithm 2 to solve
the rational inattention problem using the bDR1Ps.m package of Afrouzi and Yang (2019).

As for the ARMA(r,r) approximation, [ use the ’ z-Tran’ package of Tan and Wu (2023) that is
based on theoretical results from Han, Tan, and Wu (2022), which shows that ARMA processes are dense
among stationary processes of the type that we seek to approximate and offers an approximation result.

Within arima.m, ’z-Tran’ is called throughits ’"eval’ and 'varma.fit’ functions, which take as

" For this algorithm, I choose T, = 100 quarters, thus conjecturing that any effects of monetary policy shocks on inflation
and output should die out and converge to zero within 25 years. I confirm this is true in the solution of the calibrated model:
the IRFs of inflation and output are zero after around 12 to 15 quarters (3 to 4 years), as shown in Figure A.5.
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input a vector of coefficients of the lag polynomials (IRFs) of the process and returns the coefficients

of the approximated ARMA process.

K Analytical Decomposition of Strategic Inattention vs. Real Rigidities in
the Static Model

The analytical framework of the static model with endogenous capacity in Section 2.4 provides an
appropriate framework to discuss the interaction of the strategic complementarity channel with the
strategic inattention channel. In particular, recall from Equation (5) that in a symmetric equilibrium, the

average price across oligopolies with K competitors, pg, is given by d g where

(1—041())\[(
=~ =/ K.1
O - (K.1)

where we have now indexed §, o and A with K to emphasize that in the micro-founded model, all three
of these objects vary with the number of firms in the oligopoly: o x depends on K through the demand
structure, as derived in Equation (24), while Ak depends on K both through the micro-foundations of
the curvature of the profit function By, as in Equation (28), as well as through the equilibrium forces
as shown in Proposition 4.

Now, defining output of sectors with K competitors as the difference between nominal demand and
their average price, yx = q—px, it follows that the response of output to the monetary shock ¢ is given
by 1—0k. Thus,

1-Ag

1= — K K.2
dyx /0q Ok e (K.2)

Therefore, the question of how monetary non-neutrality changes with K maps to how 1 — ¢ varies with
K. In particular, differentiating Equation (K.2) with respect to K formalizes the role of the strategic
complementarity and the strategic inattention channels in determining the response of output to monetary
policy:

( 1—)\ K))\ K 11—« K
— —Ogag — ——————
(1—axAk)? (1—-axAg)?

N

Ok (Qyk /0q) = Ox Ak (K.3)

TV TV
Channel A: Strategic Complementarity Channel B: Strategic Inattention

This decomposition shows that (a) fixing A g, a higher ax increases monetary non-neutrality (Channel
A), and (b) fixing ok, a higher A decreases monetary non-neutrality (Channel B). Thus, the question

of how monetary non-neutrality is affected by K boils down to how ax and A\ i vary with K.

Elasticities of ax and \x with respect to K. The question of how ax moves with K is related to
how demand elasticities vary with firms’ market shares, as discussed in Section 4.2 and Equation (24)
(See also Appendix F.2 for how a g and By depend on the curvature of a general profit function, or
Appendix G for the form of ax under a Kimball aggregator).

How A\ moves with K, however, is more complex because it depends on the endogenous attention

strategy of firms. As discussed in Section 2.4 and in particular Equations (9) and (10), in a symmetric
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equilibrium with strictly positive capacity,

w
AK )\K(W/ K;VK) BKV;Q (K4)

where V}; =V*(w/Bg,ak,K) itself depends on parameters K, Bx and Ax. Thus,
BK)\K: (1—)\K)(8IH(BK)+8K1H(V;;>> (KS)

where the first term is the direct effect of how the curvature of firms’ profit function changes with K. As
shown in Equation (28) and derived in Appendix F.2, for a general demand structure, this term depends
on the demand elasticity €% and on the pass-through 1 — ak: Bx = :IEK where €5 is the demand
elasticity of a firm with K competitors. Note that the curvature of the profit function, B, increases

with the demand elasticity and the degree of strategic complementarity itself. Thus, independent of its
direct effect on firms’ prices, strategic complementarity also has an impact on firms’ strategic inattention

through the curvature of their profit functions:

8K1D(BK): 8}(11’1(5[6) +

change in elasticity w.r.t. K

Ok ok (K.6)

l—ag
change in pass-through w.r.t. K
As for the second term in Equation (K.5), it captures the equilibrium effects of By ,ax, and K on the
prior variance of firms’ ideal prices, VV*, which is characterized in Appendices C.5 and C.6.

Now, plugging Equations (K.5) and (K.6) into Equation (K.3), we get at the following decomposition

for the total effect of A on monetary non-neutrality through Channels A and B:

ass-through on B
P D elasticityon Bx Vo Ak

L (1-A)Ak 1Mk C (l—a) 1= T /S
Ok (Oyx /0q) = (1_aK>\K)28KaK (1_aK>\K)26KaK A= o) Ixn(ep) +8K1n(VK)]
ChagnrelA Cha;gelB

(K.7)
To unpack this decomposition, K affects monetary non-neutrality through three objects. First, it affects
results through how o changes with &, which shows up in both Channels A (the real rigidity channel)
and B (by affecting strategic inattention of firms through the curvature of profit function). Second, K also
affects the results through how it changes the elasticity ¢, which shows up in Channel B by affecting
the curvature of firms’ profit function. Finally, K also affects monetary non-neutrality by changing V7,

which is an equilibrium object and itself depends on K, B and avg.

First-Order Effects of X' on Monetary Non-Neutrality. To investigate Equation (K.7) analytically,
let us do a Taylor expansion of Equation (K.7) around w/B =0, as discussed in Section 2.4 and derived
in Appendix C.8. In particular, to simplify the expressions above, let us consider the first order effects

of w by using the results from Appendix C.8 and plugging By = %5 in which case:

l—ag’
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pass—throggh on By elasticity on B

Ve

Orc (Dyrc /0a) " SO~ Oxln(e) +O(l 7 (K8
= ——— 0« ———— O Qg ——= n — .
K\OYKk/0q fg(l—&K) KQK 55(1—041() KOK 8[5 K DJ Br
Channel A (ﬁrstzo,rder effects of w) Channel B (ﬁrst—ovrder effects of w)
W w
2—8—Kaxln(€§)+0(llB—ll2) (K.9)
D K

total first-order effect

where O(||w]|?) contains the second order terms, including the effect of K on V3:. It is important to note
that the two effects of a i cancel out up to first order: fixing capacity, a higher ok increases monetary
non-neutrality through the real rigidity channel (Channel A). However, with endogenous capacity, this
effect is offset up to first order as a higher ax also increases the curvature of firms’ profit functions and
motivates firms to pay more attention to the fundamental shocks.

Thus, the total first-order effect of how K affects the response of output to the monetary shocks
depends only on how the demand elasticity changes with K. Everything else, including day /0K,
is of higher order in w, which I discuss more below. As for how demand elasticity changes with K&,
the theory predicts that firms with more competitors have higher elasticities, and lower markups. For
instance, Atkeson and Burstein (2008)’s model implies that demand elasticity should decrease with
market share and increase with K (recall that market share in the symmetric equilibrium is 1/ K). There
is also empirical evidence for this prediction (for recent evidence, see, e.g., Burstein, Carvalho, and
Grassi, 2020, Burya and Mishra, 2022). Therefore, given the positive sign of dxIn(eX ), we arrive at the
conclusion that, for a general demand structure, strategic inattention channel dominates the real rigidity
channel up to first order in w, and thus monetary non-neutrality decreases with K up to first order in w.

This result hinges on the fact that while Ok /o has first-order effects on both Channels A and B,
these first-order effects are perfectly symmetric and cancel out. This, of course, raises two questions:
(1) why is the effect of avx on monetary non-neutrality second-order? and (2) what would dampen the
effect of Channel B or even make Channel A dominate?

The answer to the first question is that firms’ endogenous capacity is maximally sensitive to changes
in ax. In other words, with a larger o i they increase their information processing capacity so much that
it offsets its real rigidity effects. Thus, to break this result, we would need firms to be less responsive in
their choice of capacity to changes in the curvature of their profit functions. Moreover, since the benefit
of choosing a higher A\ is derived under a general demand structure and only assumes differentiability of
demand, the answer to the second question must rely on the structure of the cost of attention. In particular,
the extent to which \ i responds to the higher curvature introduced by o i is regulated by the assumptions
on the curvature of the cost of attention. The baseline assumption of the rational inattention literature
that the cost of attention is linear is Shannon’s mutual information (i.e., linear in ki), which is the cost
function in this paper as well. This is therefore the key assumption that delivers the strong response of

Ak to an increase in ai. Thus, to eliminate the dominance or generally dampen the strength of Channel
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B, one needs to introduce convexity to the cost of information function to dampen the responsiveness
of firms to changes in the benefits of information acquisition.

Theoretical and empirical research on the convexity of information costs in rational inattention
models is sparse. Nonetheless, the little evidence that we have suggests that the linear cost seems to be
a better fit to the data than convex costs. For instance, (Afrouzi and Yang, 2021) show that in a dynamic
problem, higher convexity of the cost function in Shannon’s mutual information translates to more
“smoothing” of Kalman gains over time. However, in the New Zealand survey, learning is lumpy as firms

do not acquire information until they need it, indicating that the linear cost fits better with the evidence.

L. Dynamic Model with Atkeson and Burstein (2008) Preferences

In this section, I solve the dynamic model where strategic complementarity decreases with K. In
particular, I adopt the following preferences based on Atkeson and Burstein (2008):

o—1 ﬁ _ n—1 n—1
Ci= (J*lzjeJC’jf ) , Ci= (Kj lzkeKjCj,IZ,t) (L.1)

where o <7 so that goods within oligopolies are closer substitutes than goods across oligopolies. The

preferences in the benchmark model correspond to the special case where o | 1. It follows that the

demand elasticity of firm 7,k is given by
€fk7t:Umj‘7k7t—|—7](1—mj,k,t) (LZ)
where m; ;. ; is the market share of firm j,% in period ¢ within oligopoly j as in Equation (22). To obtain

the expression for strategic complementarity in this case, we can again differentiate the best response

of the firm, similar to Equation (23), to get

-1
=0 (I=n=")myp
i~ i €3
n_g(l—i-mj’k,t—i-; 1_mj’k’t)—|—1

We can then proceed to derive the equivalent of the approximate rational inattention problem of the firms

(Equation (26)) in this setting as:

e e} 1 t * 2 —1
maX{”j,k,t7S‘j,k,t7pj,k>,t(S;’k)}tzo_rsjE|:ZtOﬁt(éBj(pj,k’,t(Sj,k)_pj,k,t)l_’— WK k.t |Sj,k>} (L.4)

cost of capacity

~
loss from mispricing
* I
st Pire=1—0a;)q+0;pj—ri(Sj—rt)

L i,k _ 1 .
1 (Sj,k,ta(qnpz,mm( Zm))(()gn;b);(j )) <kjke Shp=S5"USks, S, given.

where
1=y HK;* 2 (=o)(n-1)(1-K;HK;! i
M 1,0 Ki? ’ Bj:l—oc': c—1+(n—0o)(1-K;") Fn=(n=0)K;
e LK+ er)+ L ! g

(L.5)
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Having characterized this problem, we can then use the same solution method to solve the model and
obtain the equilibrium processes for the prices of all sectors. As before we let py, s = E/[p;+| K; = k]
denote the average log-price implied by this solution across sectors with k£ competitors. The only
difference is how we would compute the output of sectors since the elasticity of substitution across
sectors (o) is now potentially larger than 1. To do this, we only need to use the total demand function

of sectors which for any j is given by:
Yii=Yi(Pt/P:) " = Yje =yt —0(pjs—pt) (L.6)
where Y} is the aggregate output, F; is the aggregate price index and small letters denote log deviations

from the steady state. Using the fact that (); = F,Y; we can then calculate the average output of sectors

with &£ competitors as:

ke =y Kj=k] =g+ (0 —D)pr—0prs =0 (q:—pri) — (0 — 1)y, (L.7)
To calibrate the values of 7 and ¢ in the model, I use the following relationship between markups
and the number of competitors in the model:
_ n—(—o)K™!
MK = 1
n—1-(n—o)K
I then use the survey question that asks firms about their average markups (see the discussion of Table I.1)

=1/(uxk—1)=0-1+(n—0)(1-K) (L.8)

as well as the survey question that asks about the number of their competitors to generate the variables
1/(u;—1)and 1 — K; ! where i denotes a firm in the survey. I then regress 1/(u;—1)on1—K; ', Ac-
cording to the relationship derived from the model, the constant of this regression in Column (2)—which
is 1.74—should give us o — 1 and the coefficient on 1 — K, *—which is 3.4—should give us (n—0) as
shown in Table L.1. The resulting values are o =2.74 and n=6.14. Moreover, to ensure that strategic
complementarity is decreasing in /<, I assume that v =0. Given these values of o, 1, and ~, the strategic
complementarity in this model decreases with K from 0.22 at K =2to 0 as K — 00.”> As for the other
parameters, I calibrate them to the same moments in Table 3. In particular, I choose w in each model
to match the coefficient in Table A.2.

Table L.2 shows the results from this exercise for output and inflation responses. Column (2) shows
monetary non-neutrality decreases with K even though o x decreases with K. For instance, the output
response is 2.06 times larger in duopolies relative to the monopolistic competition benchmark and this
amplification factor declines as K increases. Consistently, Column (6) shows that inflation is more
responsive to monetary shocks as K increases. This is consistent with the analytical decomposition in
Equation (34), which showed that monetary non-neutrality should decrease with K, independent of the
sign of Ok, as long as demand elasticities are decreasing in K, which is the case in this model.

Moreover, even though decreasing o dampens the response of information processing capacity by

reducing the curvature of firms’ profit functions, Figure L..1 shows that it is still the case that firms with

72As discussed in Section 4.2, with v =0, the model cannot match the levels of strategic complementarity documented
in the survey data. However, since our goal is to compare output responses in different sectors with different values of K,
the key feature of interest is to parameterize the model such that strategic complementarity decreases with K.
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Table L.1: Calibration of 7 and o

(H (2)
1/(p—1) 1/(p—1)

1-K1 2.629 (0.337) 3.405 (0.335)
Manufacturing -1.046 (0.183)
Professional and Financial Services -2.315 (0.181)
Trade -0.599 (0.189)
Other 0.578 (1.220)
Constant 1.126  (0.303) 1.746 (0.309)
Observations 3152 3152

Standard errors in parentheses

Notes: Column (1) of the table shows the results of the regression of 1/(p; —1) on 1— K~ !in the first wave of the survey
from Coibion, Gorodnichenko, and Kumar (2018). Column (2) reports the result of the same regression while controlling
for industry fixed effects shown in the table. The constant of the regression corresponds to o — 1 in the model while the
coefficient on 1 — K * corresponds (n—o).

larger K produce more capacity and allocate more of it towards aggregates. However, the slope of the
increase is much smaller than the benchmark model. Again, the analytical decomposition of the response
of capacity in Equation (33) sheds light on this result. The curvature of the profit function is affected by
both the sign of O ok and the sign of 8Kln(5g ). Even though a negative O i reduces capacity with K,
this effect is dominated by the increase in the curvature of the profit function due to a positive JxIn(ek).

Moreover, Table L..3 shows the decomposition of the change in monetary non-neutrality to the
strategic inattention and real rigidity channels as derived in Equation (31). This table shows that (1) with
decreasing strategic complementarities, both channels move in the same direction and reduce monetary
non-neutrality and (2) the share of the strategic inattention channel is smaller because the decreasing
strategic complementarities dampen the curvature of the profit function and reduce the response of
capacity to monetary shocks. This also can be seen analytically in the static model and in particular in
the discussion of Equation (34).

It is also worth pointing out why the amplification factor of the benchmark model relative to the
monopolistic competition model is so small in this exercise. This happens because due to the assump-
tion of v =0, which is made to generate the decreasing strategic complementarities in the model, the
level of strategic complementarities are small on average across sectors (average « in the benchmark
and monopolistic competition model is 0.087 as opposed to 0.817 in the calibrated model matched to
survey data). Because the model misses this moment in this calibration, comparing the benchmark and
monopolistic competition models is not very informative. Instead, the main value of this exercise is its
predictions for the amplification factors across sectors with different /(. Nonetheless, I have included
this comparison for consistency and completeness.

Finally, to check the robustness of these results to the calibration of 7 and o, I redo the analysis

while keeping 7 at its original calibration of 12, and fixing 0 =6, which is a common calibration of this
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parameter in monetary models. In this case, strategic complementarity declines from 0.186 when K =2
to 0 as K — oo. The results are presented in Tables L.4 and L.5 and Figure L.2 and are qualitatively
similar to the results discussed above. Quantitatively, the amplification factors are larger and more
dispersed because with higher elasticities of substitution, small differences in responsiveness of prices

translate to stronger reallocation of demand across sectors.
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Table L.2: Robustness — Atkeson and Burstein (2008) Preferences

Output Inflation
Variance Persistence Variance Persistence
amp. amp. damp. amp.
Model var(Y) > 10* factor half-life 7" factor var(m) ™ 1o* factor half-life 1" factor
(1) (2) (3) 4) (3) (6) (7) (8)
Monopolistic Competition 1.40 1.00 3.45 1.00 1.60 1.00 3.88 1.00
Benchmark K~K 1.42 1.01 3.47 1.01 1.59 1.00 3.89 1.00
2-Competitors K =2 2.88 2.06 3.86 1.12 1.52 0.95 4.06 1.05
4-Competitors K =4 1.69 1.21 3.55 1.03 1.58 0.99 3.93 1.01
8-Competitors K =8 1.25 0.89 3.38 0.98 1.60 1.00 3.87 1.00
16-Competitors K =16 1.07 0.76 3.30 0.96 1.62 1.01 3.84 0.99
32-Competitors K =32 0.98 0.70 3.25 0.94 1.62 1.02 3.83 0.99
oo-Competitors K — o0 0.91 0.65 3.21 0.93 1.63 1.02 3.81 0.98

Notes: the table shows robustness statistics for output and inflation responses across models with different number of competitors at the micro-level and presents
results for an alternative calibration of the model with constant returns to scale and Atkeson and Burstein (2008) preferences where strategic complementarities decrease
with K. var(.) denotes the variance of output/inflation conditional on monetary shocks. Half-life denotes the length of the time that it takes for inflation/output to
live half of its cumulative response in quarters. Damp. factor (amp. factor) denotes the factor by which the relevant statistic is smaller (larger) in the corresponding
model relative to the model with monopolistic competition.

0.25
0.245 Table L.3: Decomposition: Strategic Inattention vs. Real Rigidities
. 0. I
5 Percentage change
8 in variance of
< ; ;
O o4 output inflation
(1) (2)
m—Total Total Change (percent) 43.8 -6.8
e mm Allocated to Aggregates Due to Str. Inattention (ppt) 5.4 -1.1
0-235 p o 6 Due to Real Rigidities (ppt) ~ 38.5 -5.7
Number of competitors
Figure L.1: Information Capacity for Different K . Notes: The table shows the decomposition of the effects of the strategic inattention and

real rigidity channels for the change in volatility of output (monetary non-neutrality)
Notes: the figure shows the produced information processing capacity ~ and inflation conditional on monetary shocks, as derived in Equation (31), under
of a firm as a function of the number of competitors within its sector ~ Atkeson and Burstein (2008) preferences with low elasticities of substitution.
in the model with Atkeson and Burstein (2008) with low elasticities
of substitution. Firms with more competitors acquire more information
and allocate more of it toward aggregates.
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Table L.4: Robustness — Atkeson and Burstein (2008) Preferences with High Elasticities of Substitution

Output Inflation
Variance Persistence Variance Persistence
amp. amp. damp. amp.
Model var(Y) > 10* factor half-life 7" factor var(m) ™ 1o* factor half-life 1" factor
(1) (2) (3) 4) (3) (6) (7) (8)
Monopolistic Competition 1.38 1.00 3.45 1.00 1.60 1.00 3.88 1.00
Benchmark K~K 1.40 1.02 3.47 1.01 1.59 1.00 3.89 1.00
2-Competitors K =2 4.59 3.32 4.05 1.17 1.53 0.96 4.03 1.04
4-Competitors K =4 1.94 1.41 3.61 1.05 1.58 0.99 3.92 1.01
8-Competitors K =8 1.10 0.80 3.29 0.95 1.60 1.00 3.86 0.99
16-Competitors K =16 0.78 0.57 3.08 0.89 1.61 1.01 3.84 0.99
32-Competitors K =32 0.65 0.47 2.95 0.86 1.62 1.01 3.83 0.99
oo-Competitors K — o0 0.54 0.39 2.81 0.81 1.63 1.02 3.82 0.98

Notes: The table shows robustness statistics for output and inflation responses across models with different numbers of competitors at the micro-level and presents
results for an alternative calibration of the model with constant returns to scale and Atkeson and Burstein (2008) preferences where strategic complementarities
decrease with K. var(.) denotes the variance of output/inflation conditional on monetary shocks in the model. Half-life denotes the length of the time that it takes
for inflation/output to live half of its cumulative response in quarters. Damp. factor (amp. factor) denotes the factor by which the relevant statistic is smaller (larger)
in the corresponding model relative to the model with monopolistic competition.

0.25
0.245 Table L.5: Decomposition: Strategic Inattention vs. Real Rigidities
.. 0. A
5 Percentage change
8 in variance of
< ; ;
O o4 output inflation
(1) (2)
m—Total Total Change (percent) 38.2 -5.9
mmm mm Allocated to Aggregates Due to Str. Inattention (ppt) 6.6 -1.2
0-235 p o 6 Due to Real Rigidities (ppt) ~ 31.6 -4.7
Number of competitors
Figure L.2: Information Capacity for Different K . Notes: The table shows the decomposition of the effects of the strategic inattention and

real rigidity channels for the change in volatility of output (monetary non-neutrality)
Notes: the figure shows the produced information processing capacity ~ and inflation conditional on monetary shocks, as derived in Equation (31), under
of a firm as a function of the number of competitors within its sector ~ Atkeson and Burstein (2008) preferences with high elasticities of substitution.
in the model with Atkeson and Burstein (2008) with high elasticities
of substitution. Firms with more competitors acquire more information
and allocate more of it toward aggregates.



M Additional Robustness Exercises

M.1. Heterogeneity within Sector Market Shares

In the approximate problem that I considered in Section 4.3, all firms have the same market share in
the steady state. One question is how heterogeneity in market shares affects strategic inattention. Is
it the case that with asymmetries in market shares, larger firms ignore the mistakes of smaller firms,
which would potentially dampen strategic inattention? To address this question, I present a simple case
with CES preferences and show that the strategic complementarity of any given firm is equal to their
market share in the steady-state. This means that firms with higher market shares have higher strategic
complementarities and are more likely to pay attention to other firms’ mistakes rather than aggregate
shocks. Thus, heterogeneity in market share is expected to amplify the effects of strategic inattention.

To see this, consider the household’s demand with CES aggregator from Equation 16 with the
following modification:

=] ijk o (M.1)

jeJ | \kekK;
where now m; i, captures the taste of the consumer for the product of firm k in industry j. Moreover, Vj
we normalize ) |, m; ;=1 so that that these tastes are relative. It is straight forward to show that m
shows up as a demand shifter in firm j,k” demand

my, k'Pj_knt
Oy = PGy it M.2)
Zlmyl 7, lt

On the firm side, this implies that the elasticity of demand for firm j,k at time ¢ is given by
- 1-
my, kPg k ?

Zlmy}l j,l,t

On the firm side, assume constant returns to scale in production (7 =0) and that there is a subsidy for

gjpt=n—(n—1)=—"—"— M.3)

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 26, is given by

* 2 -1
max. —E E:ﬁ (Dt (Sii) —Pjae) + Whijkye Rry: (M.4)
{55,8,6:55,,6:P5,k,t (S5 ) }e>0 ~——
loss from mispricing cost of capacity
* —
st D= (1= )= upj -kt (Sj—kt) (M.5)

(tym k
I<S] k?t?(qT7pl mT(Sl m))0<7—)<?§(j )) Sﬁjvkvt

—1 —1 .
S =5 USjkt, Si, given.
where we have already imposed that in the case of ¥ =0, the curvature of the profit function is uniquely

determined by the elasticity of substitution (B; = ). The only major difference to this problem is
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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:
aj=(1=n"")m;x (M.6)
Note that, here, m j, 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 allocation of firms. Finally, to
make this case even simpler, assume that 7 — 00.”® Then, taking a second-order approximation around
this steady state, it follows from Equation (23) that the ideal price of firm j,% is given by
D1k Dj Lt
Zl;ﬁkmj,l
This representation also shows that higher market share leads to higher strategic complementarity

Dy e = (L= 1) Qe +1705 (M.7)

and hence magnifies the degree of strategic inattention.

M.2. Lower Persistence of Nominal Demand Growth

While many of the parameter values calibrated to the New Zealand data are also consistent with their
calibrations for the U.S., one exception is the persistence of the nominal demand growth, p. While the
value for this parameter is 0.707 in New Zealand, its value in the US is around a monthly persistence of 0.61
(Mongey, 2021, Midrigan, 2011) (or a quarterly persistence of 0.613 = (.23). To compare the results for
this case, [ recalibrate the cost of information acquisition and redo the analysis for monetary non-neutrality
for p=0.23, as shown in Table M.1a in Appendix A. The main takeaway is that while the amplification
factors are slightly smaller than the case for p=0.707, the results are fairly robust. For instance, relative
to the model with monopolistic competition, aggregate output is 23% percent more volatile under the

benchmark calibration for the distribution of competitors—as opposed to 28% with p=0.707.

M.3. Alternative Discount Factor

One of the mechanisms in attention allocation within the model is firms’ dynamic incentives. Forward-
looking firms internalize the long-term benefits of learning about more persistent shocks and adjust their
information acquisition accordingly (see, e.g., Afrouzi and Yang, 2019). In the model, this mechanism
dampens monetary non-neutrality because the dynamic incentives are very strong with 3 = 0.96%2°
and mistakes are more transitory than fundamental shocks. To show the strength of this mechanism
in dampening strategic inattention, I recalibrate 5 and w by jointly targeting the coefficient in Table 1
in addition to the original moment of calibration from Table A.2 and redo the results for monetary
non-neutrality, shown in Table M.1b in at the end of this section. The main takeaway is that the effects

of strategic inattention is larger in this calibration. The key intuition for these results is that the calibrated

3In this hypothetical example, having 77 — 0o 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 almost perfect information.
To resolve this, we assume that w is also proportional to 1) so that the ratio stays constant as 1 — oc.
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B is smaller in this case, which leads to firms producing less capacity and allocating more of it towards

the mistakes of their competitors, both of which amplify the effects of strategic inattention.

M.4. The Role of Firm- and Sector-level Idiosyncratic Shocks

In the benchmark model, I have abstracted away from firm- and sector-level idiosyncratic shocks. One
question is how such shocks would interact with firms’ strategic inattention motives.

In terms of firm-level shocks, they should have a similar effect as competitors’ mistakes: firms need
to pay attention to others’ mistakes as well as shocks to their competitors’ costs. Thus, the conjecture is
that such shocks would amplify the incentives of firms with fewer competitors to pay less attention to ag-
gregate shocks and more attention to a weighted average of fundamental cost shocks of their competitors.
However, as the number of competitors increases, for any given firm, the average fundamental cost shock
of their competitors would become smaller due to the law of large numbers which would reduce the
firms’ incentive to pay attention to others’ cost shocks and pay more attention to the aggregate/common
shocks within the oligopoly. Thus, I would expect the presence of firm-level fundamental cost shocks
to amplify the differential incentives across firms and lead to potentially larger differences in attention
allocation across firms with different numbers of competitors.

On the other hand, industry-wide shocks would have a very similar effect as fundamental shocks in
the model, as they would be common to all firms in an oligopoly. In fact, in the problem of firms, ¢ can be
interpreted either as an aggregate shock or an industry-wide shock. Itis only in the process of aggregation
that these two differ. To illustrate the effect of such shocks, I have solved a numerical example of the
model with these types of shocks. In this numerical example, keeping all parameters the same as the
benchmark calibration and setting the standard deviation of 1.i.d. (over time) idiosyncratic shocks to
twice the standard deviation of fundamental shocks, I have recalibrated the cost of attention to match the
same moment in Table 3. The results are presented in Tables M.2 and M.3 and Figure M.1. The presence
of 1.1.d. idiosyncratic shocks increases the amplification factors in monetary non-neutrality across sectors
with different &'. The amplification result stems from the assumption that sector-level shocks are i.i.d.
over time. Now that common shocks are more transitory; firms assign a smaller continuation value to
attending to common shocks, which, fixing w, reduces their overall attention to g.

Consequently, I believe the model without idiosyncratic shocks provides a conservative benchmark

for the effect of competition on attention as far as these types of cost shocks are concerned.

110



[Tl

(a) Alternative persistence for the growth of nominal aggregate demand (p=0.23)

Table M.1: Robustness — Output and Inflation Across Models

Output Inflation
Variance Persistence Variance Persistence
amp. amp. damp. amp.
Model var(Y) 1o® factor half-life 1" factor var(m) > 10° factor half-life 1S factor
(1) (2) (3) (4) (5) (6) (7) (8)
Monopolistic Competition 2.26 1.00 297 1.00 248 1.00 3.78 1.00
Benchmark K~K 2.77 1.23 3.31 1.11 2.15 0.87 4.20 1.11
2-Competitors K =2 3.10 1.37 3.73 1.26 1.94 0.78 4.47 1.18
4-Competitors K =4 2.81 1.25 3.37 1.13 2.12 0.86 4.24 1.12
8-Competitors K =8 2.73 1.21 3.25 1.09 2.19 0.88 4.17 1.10
16-Competitors K =16 2.70 1.20 3.20 1.08 2.22 0.89 4.14 1.10
32-Competitors K =32 2.69 1.19 3.18 1.07 2.23 0.90 4.12 1.09
oo-Competitors K — 00 2.67 1.18 3.15 1.06 2.25 0.91 4.11 1.09
(b) Alternative discount rate for information (5=0.60)
Output Inflation
Variance Persistence Variance Persistence
amp. amp. damp. amp.
Model var(Y) * 10* factor half-life 9" factor var(m) > 10* factor half-life 9" factor
(1) (2) (3) (4) (3) (6) (7) (8)
Monopolistic Competition 3.49 1.00 3.07 1.00 1.57 1.00 4.43 1.00
Benchmark K~K 4.76 1.36 341 1.11 1.45 0.92 4.76 1.07
2-Competitors K =2 5.80 1.66 3.87 1.26 1.31 0.83 5.02 1.13
4-Competitors K =4 4.89 1.40 3.48 1.13 1.42 0.91 4.80 1.08
8-Competitors K =8 4.65 1.33 3.34 1.09 1.47 0.94 4.73 1.07
16-Competitors K =16 4.55 1.30 3.28 1.07 1.49 0.95 4.70 1.06
32-Competitors K =32 4.51 1.29 3.26 1.06 1.50 0.96 4.69 1.06
oo-Competitors K — 00 4.48 1.28 3.23 1.05 1.51 0.96 4.68 1.06

Notes: the table presents robustness statistics for output and inflation responses across models with different number of competitors at the micro-level. Panel (a)
presents results for an alternative calibration of persistence in the growth of nominal demand (p = 0.23). Panel (b) presents results for an alternative calibration of
discount rate for information (3 = 0.60). var(.) denotes the variance of output/inflation conditional on monetary shocks. Half-life denotes the length of the time
that it takes for inflation/output to live half of its cumulative response in quarters. Damp. factor (amp. factor) denotes the factor by which the relevant statistic is

smaller (larger) in the corresponding model relative to the model with monopolistic competition.



Cll

Table M.2: Robustness — Model with Idiosyncratic Shocks within Sectors

Output Inflation
Variance Persistence Variance Persistence
amp. amp. damp. amp.
Model var(Y) > 10* factor half-life 7" factor var(m) ™ 1o* factor half-life 1" factor
(1) (2) (3) 4) (3) (6) (7) (8)
Monopolistic Competition 3.04 1.00 3.39 1.00 1.48 1.00 4.39 1.00
Benchmark K~K 3.93 1.29 3.70 1.09 1.38 0.94 4.64 1.06
2-Competitors K =2 4.54 1.49 4.12 1.22 1.29 0.88 4.80 1.09
4-Competitors K =4 4.00 1.32 3.76 1.11 1.37 0.93 4.66 1.06
8-Competitors K =8 3.86 1.27 3.63 1.07 1.40 0.95 4.61 1.05
16-Competitors K =16 3.80 1.25 3.58 1.06 1.41 0.96 4.60 1.05
32-Competitors K =32 3.78 1.24 3.55 1.05 1.42 0.96 4.59 1.05
oo-Competitors K — 00 3.76 1.24 3.53 1.04 1.42 0.96 4.58 1.04

Notes: the table shows robustness statistics for output and inflation responses across models with different number of competitors in the model with sector level
idiosyncratic shocks discussed in Appendix M.4. var(.) denotes the variance of output/inflation conditional on monetary shocks. Half-life denotes the length of
the time that it takes for inflation/output to live half of its cumulative response in quarters. Damp. factor (amp. factor) denotes the factor by which the relevant statistic
is smaller (larger) in the corresponding model relative to the model with monopolistic competition.

0.35 |
Table M.3: Decomposition: Strategic Inattention vs. Real Rigidities
>
g Percentage change
g in variance of
< 037 ; ;
O output inflation
(1) (2)
Y} m—Total Total Change (percent) 18.9 -9.6
0.25 / mmm mm Allocated to Aggregates | | Due to Str. Inattention (ppt) ~ 82.0 -19.7
2 4‘1 é 16 52 Due to Real Rigidities (ppt)  -63.1 10.1
Number of competitors
Figure M.1: Information Capacity for Different K. Notes: The table shows the decomposition of the effects of the strategic inattention and

real rigidity channels for the change in volatility of output (monetary non-neutrality)
Notes: the figure shows the produced information processing capacity — and inflation conditional on monetary shocks, as derived in Equation (31) in the model
of a firm as a function of the number of competitors within its sector ~ With sector-level idiosyncratic shocks in Appendix M.4.
in the model with sector-level idiosyncratic shocks in Appendix M.4.
Firms with more competitors acquire more information and allocate
more of it toward aggregates.
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