Nominal Rigidities, Rational Inattention,
and the Optimal Price Index Stabilization Policy”

Shengliang Ou’  Penghui Yint  Donghai Zhang® Renbin Zhang!

November 22, 2023

Abstract

The Optimal Price Index (OPI) stabilization policy traditionally assigns greater im-
portance to stabilize prices in sectors with stickier prices based on multi-sector models
with full information or exogenous information frictions. The current paper chal-
lenges this prevailing policy prescription by introducing rational inattention. Surpris-
ingly, the OPI attaches a smaller weight to a sector with stickier prices. This counterin-
tuitive result stems from the endogenous relationship between attention and nominal
rigidities: firms in sectors with more flexible prices pay less attention to macroeco-

nomic conditions. We provide empirical evidence that supports this mechanism.
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1 Introduction

High inflation, such as the ongoing one associated with the Covid-19 crisis, harms social
welfare. There is a consensus among policymakers and academic researchers that the sta-
bilization of inflation should be one of the primary mandates of central banks. However,
there remains a debate about which inflation index central banks should stabilize. Within
the policy circle, policymakers have been tracking the Consumer Price Index (CPI), which
is defined as the inflation index weighted by consumption weights (or sizes of sectors).
Academic researchers, however, have suggested that the optimal price index should con-
sider sectoral heterogeneities, such as the heterogeneous degrees of frequency of price
adjustment observed in the data (Aoki 2001, Benigno 2004 and Mankiw and Reis 2003).
Specifically, these papers advocate a price index that attaches a bigger weight to a sector
with stickier prices. We refer to this as the Stickiness-adjusted Price Index (SPI).

This paper studies the optimal price index (OPI) policy. In contrast to conventional
wisdom, our model suggests an OPI that assigns a smaller weight to a sector with stickier
prices. The stabilization of SPI results in higher welfare loss compared to simple CPI
stabilization. The key to our findings is the presence of information frictions and the
endogenous relationship between attention and nominal rigidities: firms in sectors with
more flexible prices pay less attention to macroeconomic conditions. We provide direct
empirical evidence that supports this mechanism.

More in detail, we consider the OPI policy in a multi-sector economy with nominal
rigidities and rational inattentive firms. Monopolistic competitive firms that operate and
set prices in different sectors are subject to unobserved sector-specific supply shocks.
Firms observe noisy signals about the state (sectoral supply shocks) of the economy. The
signals are idiosyncratic, which gives rise to dispersed beliefs. Importantly, following
the rational inattention literature (Sims 2003 and Mackowiak and Wiederholt 2009), the
precision of the signal is an endogenous choice: firms choose the optimal amount of in-
formation by balancing the cost of processing information with its benefit. Firms are
subject to nominal rigidities in addition to information frictions. Specifically, only a frac-
tion of firms are allowed to set their prices optimally. The remaining fraction of firms
are staggered with their previous prices. The degree of nominal rigidities — fraction of
price-staggered firms — is heterogeneous across sectors. The two frictions give rise to
price dispersions that harm social welfare. First, dispersed beliefs lead to price disper-
sions among price-resetting firms. This is called the dispersed belief price dispersion
component. Second, there is a price dispersion across the types of firms: price-staggered



and price-resetting firms. This is called the Calvo price dispersion component. The cur-
rent paper highlights the interaction of the two frictions that have been shown separately
by the empirical literature to be relevant in the data. See, for example, Nakamura and
Steinsson (2008) and Gorodnichenko and Weber (2016) for the heterogeneous infrequent
price adjustment across sectors, and Coibion and Gorodnichenko (2015) and Andrade
et al. (2016) for information frictions and the dispersed beliefs that can arise due to ratio-
nal inattention.!

We emphasize the importance of joint consideration of nominal rigidities and endoge-
nous information choice. Proposition 2 shows that firms in a sector with more flexible
prices pay less attention to macroeconomic conditions. This result suggests that sectors
with less nominal frictions are associated with more severe information frictions due to
firms” endogenous choices. The intuition for the interaction of two frictions is as follows.
Firms know their types, i.e., whether they can adjust prices. In response to a shock, price
resetting firms in a sector with more flexible prices adjust prices to a lesser extent. Firms’
responsiveness to shocks is proportional to the marginal benefit of acquiring information.
In the extreme case when firms desired prices react very little to the unobserved state of
the economy, the benefit of acquiring information is limited. Therefore, price flexibility
reduces firms’ incentive to obtain more information.

The model prescribes an OPI that challenges conventional wisdom due to the endoge-
nous relationship between nominal frictions and information choice. The baseline model
can be adapted to feature full information and exogenous information frictions with min-
imal modifications. We illustrate that the conventional wisdom holds in a model with full
information (Benigno 2004) or exogenous information frictions (Ou et al. 2021): the OPI
attaches a bigger weight to a sector with stickier prices. In contrast, when the amount of
information firms acquire is an endogenous choice, Figure 2 and Proposition 4 demon-
strate that the OPI can be altered qualitatively: it attaches a smaller weight to a sector with
stickier prices.

The dispersed belief price dispersion component drives the result. Consider an econ-
omy under CPI stabilization. Proposition 5 shows that the dispersed belief price disper-

sion component increases in a sector’s degree of nominal rigidities if information frictions

!Note that nominal rigidities in this paper refer to infrequent price adjustments. This is different from
a separate literature where nominal frictions arise due to information frictions; see, for example, Angeletos
et al. (2016) and Mankiw and Reis (2002). The joint consideration of information frictions and infrequent
price adjustment frictions exists in the literature; see, e.g., Nimark (2008) and Ou et al. (2021) for different
purposes.



are exogenous. In contrast, when information is an endogenous choice, the dispersed
belief price dispersion component decreases in the degree of nominal rigidities. In other
words, the dispersed belief price dispersion component in a relatively flexible price sector
plays an increasingly important role when information is endogenous, making stabilizing
prices in a relatively flexible price sector more important.

Using the model as a laboratory, we evaluate the performance of the CPI stabilization.
As a comparison, the performance of the SPI stabilization is also evaluated. The SPI corre-
sponds to the optimal price index computed in an otherwise equivalent model, assuming
full information. Surprisingly, the stabilization of CPI is associated with a smaller social
welfare loss in our model than the stabilization of SPI. Moreover, the paper also discusses
how monetary policy shapes firms” endogenous attention choices.

We present empirical evidence that supports the key mechanism of the paper. Fol-
lowing Song and Stern (2022) and Flynn and Sastry (2022), we use the frequency of
macroeconomic keywords in the firms” annual reports as a proxy for firms” attention to
macroeconomic conditions. To this end, we use about 200,000 U.S. public companies’
annual reports on Form 10-K and calculate the frequency of macroeconomic keywords
mentioned by dividing the number of occurrences by the total number of words in each
report. The firm-level attention data is aggregated into NAICS 6-digit level to study its
correlation with the frequency of price adjustment constructed by Pasten, Schoenle, and
Weber (2020). The data confirms the key mechanism highlighted in Proposition 2: firms
in sectors with more flexible prices pay less attention to macroeconomic conditions.

Literature Review Our paper highlights the interaction between nominal frictions and
endogenous information choice, which has important policy implications as it qualita-
tively alters the optimal price index stabilization policy. In doing so, the paper contributes
to three strands of literature.

The first strand of literature examines optimal price index stabilization policy. Aoki
(2001), Mankiw and Reis (2003), Benigno (2004) explore the implications of the hetero-
geneity in the degree of nominal rigidity for the design of optimal price index. Subse-
quent works introduce additional features to revisit the optimal price index, such as the
input-output structure (Huang and Liu 2005 and Rubbo 2022), the incomplete financial
market (Anand, Prasad, and Zhang 2015), the capital accumulation (Basu and Leo 2016),
and exogenous information frictions (Ou et al. 2021). Our analysis differs from previous

literature by introducing endogenous information. The newly introduced mechanism



leads to qualitatively different policy implications.

The second strand of literature investigates the implications of rational inattention for
the conduct of monetary policy. For example, Mackowiak and Wiederholt (2009), Afrouzi
and Yang (2021), and Yang (2022) examines the implications of rational inattention to the
effects of monetary policy. Paciello and Wiederholt (2014) and Li and Wu (2016) investi-
gate the design of optimal monetary policy. Particularly, Paciello and Wiederholt (2014)
studies a one-sector economy with flexible prices and finds that a strict price stabilization
policy is even optimal in response to markup shocks if the price-setting firms are rational
inattentive.”> We consider a multi-sector setting with sticky prices. The multi-sector feature
of the model allows us to investigate firms” heterogeneous information choices resulting
from heterogeneous nominal rigidities that ultimately lead to surprising policy recom-
mendations.

The third strand of literature highlights the implications of sector heterogeneities for
the effects of monetary policy: see, for example, Alvarez, Lippi, and Oskolkov (2022), Car-
valho (2006), Carvalho and Schwartzman (2015), Carvalho, Dam, and Lee (2020), Gautier
and Bihan (2018), Hoynck, Li, and Zhang (2022), Nakamura and Steinsson (2008), and
Pasten, Schoenle, and Weber (2020). Our paper illustrates that exogenous sector hetero-
geneities can lead to endogenous sector heterogeneities in the degree of information fric-

tions, which have relevant policy implications.

2 Model

The model consists of three types of agents: a representative household, a central bank,
and firms. The household makes decisions regarding consumption and labor supply, with
the optimization of consumption giving rise to the demand curve faced by firms. Labor is
the unique factor of production for firms. The central bank commits to stabilizing a price

index.

2Qur paper focuses on firms’ endogenous information choice and firm heterogeneities. The paper is
related to a parallel literature that studies household information choice and heterogeneity: see, for exam-
ple, Broer, Kohlhas, Mitman, and Schlafmann (2022), Gaballo (2016), Luo et al. (2017), Tutino (2013), Yin
(2021), and Luo, Nie, and Yin (2022). More broadly, the paper is related to the literature that studies the
implications of rational inattention for macroeconomics following the seminal work of Sims (2003): see,
e.g., Luo (2008), Van Nieuwerburgh and Veldkamp (2010), Mondria (2010), Matéjka and McKay (2012),
Mackowiak and Wiederholt (2015), Pasten and Schoenle (2016), Matéjka (2016), Stevens (2020), Zorn (2020),
Ellison and Macaulay (2021), Miao, Wu, and Young (2022), [lut and Valchev (2023), and Turen (2023). See
also Mackowiak, Matéjka, and Wiederholt (2023) for a literature review and Veldkamp (2023) for a textbook
treatment of the topic.



Firms in the model produce differentiated goods and operate in monopolistic compet-
itive markets. There are two sectors in the economy indexed by k, and firms that operate
in different sectors are heterogeneous in productivity and degree of nominal rigidity. Mo-
nopolistic competitive firms set prices without fully observing the level of productivity in
each sector due to information frictions. Firms are assumed to be inattentive to publicly
available information due to the cost of paying attention.

Importantly, the precision of the signals that firms receive, or in other words, the de-
gree of information frictions that firms face, is an endogenous choice in the model. The
key novel insight of the paper is to illustrate that heterogeneous nominal frictions mat-
ter for endogenous information choice, which in turn alters the optimal monetary policy
prescription. Given the importance of firms in the model, we begin with the description
of their problems.

2.1 Model Setup

Firms Firms in the model face two frictions: information frictions and nominal frictions.
The nominal frictions are introduced to reflect the infrequent price adjustments observed
in the data. We assume that a fraction of firms (1 — 6;) in sector k have the freedom to
change their prices, while the remaining firms (6) are unable to do so. Firms know their
types, i.e., they know whether they can adjust prices.

A firm i in sector k (referred to as firm ki) produces differentiated goods (Y};) using the

following production function:
Yy = AgLgi. (2.1)

Price resetting firms choose their prices and their attention to macroeconomic conditions
(i.e. sectoral productivities) simultaneously to maximize expected profits. We first obtain
firms” optimal price setting rules given the information/signals firms have chosen and
then turn to firms’ optimal attention problem.

Given the information set of a firm i in sector k, a re-optimizing firm chooses an opti-

mal price to maximize its own expectation of profits:

max E [(PkiYki - WkLki) |Iki] ’ (22)

Dy

where E denotes the expectation operator, I; denotes the information set of the firm ki,



Py; and Yy, are the price and quantity of goods produced by the firm, and WLy, is the
labor income. This profit maximization problem gives rise to the optimal price resetting

rule:
Pri = Elpiil Ik, (2.3)

where a small letter denotes the log deviation of the variable from its initial value at the
non-stochastic solution. py; denotes the profit-maximizing price of firm ki had this firm
tully observed the states of the world (Mackowiak and Wiederholt 2009):

Phi = P+ X+, (2.4)

where x = y — yV is the output gap, y¥ = nya; + noa; is the natural output defined as the
level of output that would prevail in the absence of nominal and information frictions.’
ny and n; indicate the sizes of the two sectors, u; = ny(ax — ay) and uy = np(a; — ap).
We consider the case where the size of the two sectors is the same, i.e., n1 = np, = 0.5 to
exclude heterogeneity that arises from sector sizes and to focus our analysis on heteroge-
neous nominal frictions. As a result, u = u; = —uy = 0.5(ay — a1), which captures the
asymmetric nature of sectoral shocks.

Firms do not observe a; and a,. Instead, a firm ki has access to a pool of information
about unobserved states. Before delving into firms” decisions on how much attention to
allocate to a particular signal, let’s first discuss which signals are relevant for firms.

To this end, consider a general signal structure:
sg = Mjia+ep; (2.5)

where a = (a1,a;)’ is the vector of sectoral shocks with a variance-covariance matrix X,
si; = (Ski1,5ki2)' is the vector of signals, and M} is a 2 x 2 matrix representing the weights
of these shocks. The vector of observational errors, e}, = (ei‘,ki, ezki)’ , is a 2-dimensional
Gaussian vector, and its variance-covariance matrix is Z:,k

The information structure is general: firms have access to a continuum of signals—the
information pool—with the functional form 2.5 for any M and ¥7,. Our paper focuses
on firms’ decisions regarding the aggregate amount of information, which will be defined
later, that they acquire. Given the richness of the information pool, in addition to their

decisions on the amount of information, firms need to decide which signals to focus on to

3Detailed derivation can be found in Appendix B.1.
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allocate their attention.
To ease the notation burden, at this point, we anticipate a result of the paper that will
be shown in Section 2.2. Specifically, latter, Proposition 1 shows that a firm ki optimally

chooses to allocate its attention to one signal of the following form:
2
Ski = U+ exj e ~ N(0,05;). (2.6)

We now proceed with the description of the model to anticipate this finding. However,
readers should be aware that our findings are derived under the general information
structure 2.5. The intuition for this result is that, in our model, u is the sufficient unob-
served state that determines firms’ profits. Therefore, to maximize profit, it is sufficient
for firms to allocate attention exclusively to si;.

This signal si; characterizes the information set of the firm. Importantly, the degree of
noise (‘Tez,k) contained in the signal is an endogenous choice that we will now discuss.

Following Mackowiak and Wiederholt (2009) and Mackowiak et al. (2009), we trans-
form the profit maximization problem into a minimization problem where the objective
function is the profit loss plus the cost of paying attention. The details can be found in

Appendix B.2. As a result, the attention choice problem in sector k becomes:

. € o *
minE | —— (pj; — pii)? |+ Af (ki) (2.7)

K
subject to the constraint on information flow I(v7,02,):
2 52
I(Uu/ Uuk) < Kies (28)

where 62, = var(u|sy;) = E[(u — E[u]s;])?|sk] is the posterior variance and € measures
the curvature of the demand curve faced by firms that will be introduced in the house-
hold’s problem. xj is the control variable that measures the amount of information firms
in sector k acquire. f(xy) indicates a cost function, and A is a key parameter that charac-
terizes the cost of information acquisition, hence determining the degree of information

frictions in the economy. According to the information theory:

2 A2 1 o
I(Uu, Uuk) = Elogz @'_2 . (29)
uk



I(o2, O’Mk) measures the amount of information contained in sy; as the difference between
unconditional uncertainty (measured by entropy) and conditional uncertainty.

For a given choice of information flow constraint ki, equations (2.8) and (2.9) deter-
mines the precision of the signal s; that firms observe. Firms’ endogenous attention
choice is modeled as the minimization problem described by (2.7) subject to the constraint
on information flow and the two equations that characterize firms’ price setting behavior
(2.3) and (2.4).

Once firms have determined their optimal attention choices (precisions of si;), they

update their beliefs using Bayes’ rule:
E(uls;) = Kiskis (2.10)

where K, =

2 e denotes the Kalman gain. It is important to note that in firms’ atten-
ek

tion choice, choosing the constraint on information flow ki, conditional uncertainty 6uk,

precision of the signal 1/02,, or the Kalman gain K are equivalent.

Household The representative household’s utility is influenced by consumption and
labor supply. The utility function is represented as:

U(C,{L}) = log(C ZLk, (2.11)

where Ly is the labor supply to sector k, and

n/(n—1)
] (2.12)

C= [Zn””c” B/

is the aggregate consumption. 7 reflects the elasticity of substitution across sectors.

e/(e-1)
C = [nk /ce D/eg } (2.13)

with € measuring the elasticity of substitution within a sector.
The consumer’s income comes from various sources, including wages earned from

labor supply (Wi L) in sector k, profits from firms (Zizl ITy), and a lump-sum transfer or



tax received from the government (T). The budget constraint can be expressed as:

2 2
PC=) WiLi+ ) IL+T, (2.14)
k=1 k=1
A1/ 1/(1—€)
where P = (Z%Zl nkP; '7) e and P, = ( fol P,gli_edi) ‘ represent the aggregate

prices.
The consumer optimally determines their demand for the variety i within sector k

(Ck,;) and across sectors (Cy) as follows:

Py 1 Py
— . === 2.15
Ck,z ( Pk ) g Ck Ck ( P > ﬂkC ( )

Monetary Policy Following the literature on optimal price index stabilization, as dis-
cussed in, for example, Woodford (2011a), we assume the central bank conducts a price
index stabilization policy. This policy gives the central bank the capacity to stabilize a

specified aggregate price index. Specifically, the policy is formulated as:
wpr+(1—w)p2 =0 (2.16)

Here, the central bank’s control variable is the price index wp; + (1 — w)pz, and the cen-
tral bank’s choice of weight w plays a crucial role. Intuitively, w and 1 — w indicate the
weights attached to sector 1 and sector 2’s prices, respectively.

Within the framework of the price index stabilization policy, we examine three distinct
policies. The first is referred to as the Consumer Price Index (CPI) stabilization policy and
is represented by w = n;. The second is the Optimal Price Index (OPI) stabilization
policy, in which w is optimally selected to minimize the ex-ante (unconditional) expected
welfare loss in the model with information and nominal frictions. The third is the Sticky
Price Index (SPI) stabilization policy. According to the SPI stabilization policy, the central
bank computes the w to minimize the ex-ante expected welfare loss in the model with
nominal rigidities but without information frictions (0’82, = 0).

The welfare loss function is derived as the second-order approximation of the house-



hold’s utility function:
2 ~ ~
EL = E [6 Z Ny /(Pki — Pk)zdi +ox? + 171’11712(}71 — ]92)2} , (2.17)
k=1 !

where py = pr — p}c\l . ELL denotes the expected welfare loss expressed as a fraction of
steady-state consumption (up to additive terms independent of policy). Note that the
expectation is taken unconditionally to reflect that the central bank needs to make a policy
decision, i.e., choose the price index, before the realization of shocks and signals.

2.2  Solution of the Model

Timing of the Model The model consists of four stages. In the first stage, the central
bank decides on the inflation index to stabilize, represented by w. In the second stage,
the fundamental shock u is drawn by nature. During the third stage, nature selects firms
that are allowed to adjust their prices. These firms adjust their prices, simultaneously
decide on their level of attention, and receive a signal sy; about the fundamental shock.
Firms’ price-setting rules determine their supply curve in the goods market. Finally, in the
fourth stage, the representative household observes the state of the economy and makes

consumption and labor decisions, while the goods and labor markets are cleared.

Solution Method The solution for a given choice of price index stabilization rule w is
obtained as follows. First, solve the model for given precisions of signals to obtain the
pricing functions governed by the Kalman gains. Then, substitute the pricing functions
to the firms” attention choice problem and solve for the optimal attention choice.
Specifically, given the precision of firms’ signals, we conjecture the following policy

functions:

pii = ¢1E(uls1i) pa = —@2E(ulsy) x = ¢uu, (2.18)

where firms update their beliefs according to (2.10). The conjectured solution is motivated
by the fact that the solution must be linear in a linear model, and firms’ optimal actions
are linear functions of their perceived state of the world.

The policy functions must satisfy firms’ price-setting rules (2.3), the belief updating
rule (2.10), and the monetary policy rule (2.16). Therefore, the solution must satisfy the

10



following equations that characterize firms’ responsiveness to shocks:

o 2(1 — 92)(1 — w)K2
= Ao (1)Kt (1 - 6wk, (2.19)
2(1 — 91)(4][(1 (2.20)

P 1- WK+ (1- 0wk’

and ¢, = (1-65)(1-w)Kr—(1-01)wK;y (1*91)(1*92)(1*w)*(1*91)(1*92)wK1K2. Equations (2.18)

T (1-6)(1—w) K+ (1-61)wKy (1—62)(1—w)Kp+(1—67)wkKy
and (2.4) imply that p;; = ¢u fork =1,2.

With policy functions and the information flow constraint (2.8), the attention choice
problem (2.7) can be rewritten as:

-1
max — (62—) @22 kg2 — A f(xy). (2.21)
K
In the baseline model, following Paciello and Wiederholt (2014), we assume an exponen-
tial cost function f(x;) = 2%% because of its analytical convenience. Our findings are
robust to alternative cost functions.

The optimal attention choice is associated with the following amount of attention (xy):

1
-1 2.2\ 2
(e )(Pk‘Tu) 0 (2.22)

K = max 1lo
k= 2 982 27

Accordingly, the optimal conditional uncertainty and Kalman gain can be written as :

1

2002\
62, = min <(—‘173‘2) o2y, (2.23)
€ — q)k

2A :

Note that the amount of attention x; and the Kalman gains (Kj) must be positive.
Finally, we obtain the a system of equations for ¢; and ¢, by substituting equation
(2.24) to (2.19) and (2.20).

To understand the parameters that determine the degree of information frictions, it is

11



useful to introduce the following definition:

K=1- (ﬁ) ° (2.25)

K® represents the Kalman gain selected by firms in a counterfactual symmetric economy
with 6; = 6, and w; = 0.5. The analytical expression (2.25) indicates that the degree of
information frictions is proportional to the cost of information acquisition: K* decreases

as A increases.

The Welfare Loss and its Sub-components Given the solution of the model, the calcu-
lation of social welfare loss according to (2.17) is straightforward. Among all components
of the welfare loss function, the price dispersion component is the quantitatively rele-
vant component (see, e.g., Woodford 2011b and Gali 2015). The key mechanisms that we
highlight in this paper work through this component. The price dispersion component

can be decomposed into the Calvo price dispersion and Dispersed-belief price dispersion

components:
2 2 2 2 2 2
. * * * .
ey n /(Pki —pi)’di =€) m(1—6)0E[pi°] +€ ) n(1—6;)E (/(pki — ) dl) :
k=1 ! k=1 k=1 !
Price d;;persion Calvo pric:dispersion Dispersed—belie;rprice dispersion

The results presented in this paper are derived based on the fully micro-founded wel-
fare loss function (2.17). However, the discussions in the remaining of the paper are cen-

tered around the price dispersion component given its relevance.

The Optimal Choice of Signals To ease the presentation of the model, we have an-
ticipated the finding that, in the model, firms choose to allocate attention to one signal,

equation 2.6, out of a continuum of signals 2.5. We now establish this result.

Proposition 1. Consider the economy described above with a general signal structure where firms
have access to a continuum of signals of the functional form: s;; = Mya + e, for any My and
variance-covariance matrix ;. A firm ki optimally chooses to narrow its attention to one signal:
Ski = U+ exi, exi ~ N(0,02,).

Proof. See Appendix C.1. O
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The intuition for this result is that, in our model, u is the sufficient unobserved state
that determines firms’ profits, as observed in the solution of the model 2.18. Other sig-
nals, other linear combinations of a; and a4y, are only useful to the extent that they can
be informative about u. Therefore, focusing on sy; is sufficient to minimize firms’ profit
losses.

The remainder of the paper focuses on firms’ choices of xy, i.e., Uez,k' To clarify the
terminology used in this paper, the term "attention allocation" refers to firms’ choice of
the amount of information x; (or Uék).

3 The Key Mechanism: Attention Allocations and Nomi-
nal Rigidity

The endogenous relationship between nominal rigidities and attention allocation is the
key to the results presented in the next section. The following proposition summarizes
the key mechanism.

Proposition 2. Consider the economy described above, the responsiveness of prices to shocks (¢y)

and the amount of information (ki) acquired by firms in sector k increase with 6y, for any given

monetary policy rule w € (0,1). That is, 3%: >0, g—g’; > 0, and a;gl’(" < 0 for a fixed w.

Proof. See Appendix C.2. O

The main takeaway is that firms operating in a sector with stickier prices tend to pay
more attention when they are allowed to adjust prices.

To understand how nominal rigidities affect attention choice, it is important to note
that in a sector with stickier prices, re-optimizing firms respond more to the perceived
state of the economy, i.e., 3% > 0. This result is confirmed by Figure 1a, which plots
the solution in the model ¢ as a function of 6;. The underlying intuition is as follows. A
positive productivity shock in Sector 2 (1 increases) increases aggregate consumption and
spills over to Sector 1 as a positive demand shock. In NK models, the effects of demand
shocks on the real output gap (x) are directly influenced by the degree of nominal rigidity
(01): a higher value of §; corresponds to a larger response of x to an increase in u.* The

latter can be verified by the solution for x, see equation 2.18 and the expression for ¢x.

4This feature holds independent of information frictions. With full information, it can be analytically
demonstrated that ¢; and ¢y, the expression beneath equation 2.19, increase as 0 rise.
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Figure 1: Illustration of Proposition 2
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Note: This figure illustrates how nominal rigidities (f;) affect information choice (x; and ;7). Panel (b)
is a simple example that illustrates how 0; affects the marginal benefit (MB) of acquiring information in
partial equilibrium. Panels (a) and (c) plot the solutions of a calibrated model. Specifically, Panel (a) and (c)
plot the responsiveness ¢ and the information choice Kj as a function of ¢, respectively. The calibration
of the model is as follows: 8, = 0.75,e = 11,5 = 1,(75 = 0.02,n7 = np = 0.5. Moreover, the parameter
that determines the attention cost (A) is set to 0.049, aligning K*® with Coibion and Gorodnichenko (2012)’s
empirical estimate of the Kalman gain (0.3).

Consequently, price re-setting firms in Sector 1 exhibit greater adjustments in prices, as
inferred from their respective price-setting rules 2.3 and 2.4. It is important to note that
while re-optimizing firms display heightened sensitivity to shocks, it does not imply that
the aggqregate price of the sector becomes more responsive. In fact, a higher value of 6, is
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associated with a decreased sensitivity of p; to shocks.

Furthermore, the more sensitive firms’ prices are to the perceived state of the economy,
the higher the marginal benefit of acquiring information. In fact, for firms in sector 1, the
marginal benefit (MB) of acquiring information, which can be easily derived from (2.21),
is proportional to ¢;. This relationship is shown graphically in Figure 1b, where the MB
curve shifts upwards with higher nominal rigidities (6; 7). The marginal cost (MC) curve,
on the other hand, is not affected by nominal rigidities. Therefore, in the equilibrium,
firms operating in a sector with stickier prices pay more attention when they are allowed
to adjust prices. This is evidenced by g% > 0 and agTT”l’l < 0, as shown in Figure 1c.
Moreover, by paying more attention to economic conditions, firms are also subject to a

less volatile noise shock, leading to aaagf <0°

Discussion: Alternative Information Cost Function Before moving to the paper’s main
results, we discuss the generality of our findings with respect to the assumed information
cost function.

As mentioned above, we have adopted an exponential form f(x;) = 22 proposed
by Paciello and Wiederholt (2014), which permits analytical solutions and is important
for the derivations of Propositions presented in this paper. The cost function alters the
marginal cost curve. The mechanism we emphasize relies on the marginal benefit of
acquiring information, and thus the qualitative insights of our paper are not altered by
the specific form of the cost function.

To provide further robustness to our findings, in subsequent analysis, we also consider
a linear cost function f(x;) = x as it is conventionally assumed in the literature. With
this alternative cost function, the endogenously chosen Kalman gains are determined by
the following equation:

A
Kk:max{l— ln(2)(e—1)(p%(7,%' O}. (3.1)

The numerical results presented in Section 4 demonstrate that our findings are robust
to the choice of the alternative cost function. Specifically, we compare the policy impli-

cations based on a model with an exponential cost function associated with the Kalman

SMackowiak and Wiederholt (2009) and Hellwig and Veldkamp (2009) show that changes in price com-
plementarity alter firms’ attention allocation to aggregate conditions. Our model can replicate this well-
known finding too.
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gains determined by Equation (2.24), and a model with a linear cost function associated
with the Kalman gains determined by Equation (3.1).

4 The Implications for the Price Stabilization Policy

The existing literature suggests that the central bank should assign less weight to sectors
with relatively more flexible prices. This section presents results that challenge this con-
clusion, based on the endogenous relationship between nominal rigidities and attention
choice highlighted in Proposition 2. The proposed mechanisms suggest that the central
bank should actually attach more weight to sectors with relatively more flexible prices.

4.1 Policy Implication 1: The Optimal Weight Increases with Price Flex-
ibility

We now present the main findings.

The Optimal Price Index Figure 2 presents the paper’s main finding. It shows the op-
timal price index stabilization, i.e., the optimal w, as a function of 8; for three alternative
models. We fix all the other parameters of the model, including the degree of nominal
rigidity in sector 2 (6, = 0.75). We compare the prediction of our baseline rational inat-
tention model (red line) with models assuming full information (black dashed line) and
exogenous information frictions (blue dotted line). Panels (a) and (b) present the results
under the assumption of an exponential and a linear cost function, respectively. The cost
function is a feature of the rational inattention model only, therefore, only the red line is
affected across the two panels.

The figure can be read from the right end of the horizontal axis to the left. The point
where three curves coincide is the scenario where 6; = 6, = 0.75. Under this scenario, sec-
tors are symmetric in all characteristics except that they are subject to asymmetric shocks.
As aresult, the optimal policy assigns an equal weight («w = 0.5) to both sectors across the
three models considered. As ¢ decreases (from the right end of the horizontal axis to the
left), sectors become more and more heterogeneous in nominal rigidities, which results
in an optimal price index that differs from the CPI. Importantly, the policy prescriptions
differ across models.
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Figure 2: Optimal Price Stabilization Policy
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Note: This figure plots the optimal price index summarized by w as a function of price rigidity in sector 1
(01) in three alternative models: endogenous information frictions (red line), exogenous information fric-
tions (dotted blue line), and full information (dashed black line). The calibration of the model is as follows:
0, =075 =11,y =1, ULZ, = 0.02,n; = ny = 0.5. Moreover, the parameter that determines the attention
cost (A) is calibrated to align K* with Coibion and Gorodnichenko (2012)’s empirical estimate of the Kalman
gain (0.3). Specifically, A equals 0.049 (0.097) in the model with an exponential (linear) information cost
function. For the model with exogenous information, o,y is calibrated to match the targeted Kalman gain.
Panel (a) and (b) present the results under the assumption of an exponential cost function as in Paciello and
Wiederholt 2014 and a linear information cost function, respectively.

The black line replicates the existing findings, which suggest that in a model with full
information, the central bank should attach more weight to sectors with stickier prices, as
found in previous studies such as Benigno (2004) and Mankiw and Reis (2003).

Our model with information frictions and endogenous information choice offers a
perspective that differs from the conventional wisdom. It suggests that the central bank
should attach more weight to sectors with more flexible prices in order to maximize so-
cial welfare. The key is the endogenous nature of information choice. Indeed, with in-
formation frictions alone, as in a model with exogenous information frictions, the policy
prescription remains qualitatively unaffected.

Note that the three models share identical structures except for the signals that firms
observe. The full information model is nested in our baseline model by setting ¢, = 0
for all k, whereas in the baseline rational inattention model, o, is an endogenous choice.
The model with exogenous information frictions sets ¢, x exogenously. The calibration

of the model is as follows: 6, = 0.75, which corresponds to an average price duration

17



of one year in the sticky price sector. The within-sector elasticity of substitution € = 11,
which reflects an average price markup of 10%, consistent with recent empirical evidence
provided by Edmond et al. (2018). Following Hobijn and Nechio (2019)’s empirical es-
timate, we set the cross-sector elasticity of substitution # to 1. 02 is irrelevant for the
qualitative findings of the paper, and we set it to 0.02. Moreover, the parameter that de-
termines the attention cost (A) is calibrated to align K* with Coibion and Gorodnichenko
(2012)’s empirical estimate of the Kalman gain (0.3). Specifically, A equals 0.049 (0.097)
in the model with an exponential (linear) information cost function. In the model with
exogenous information frictions, we calibrate ¢, to match Coibion and Gorodnichenko

(2012)’s estimated Kalman gain.

Analytical Results based on a Simplified Model Figure 2 characterized the main find-
ing of the paper numerically. Before delving into the discussions of the underlying mech-
anisms, we provide analytical results based on a simplified model.

In this simplified model, we consider an economy comprising a flexible price sector
with 0; = 0 and a sticky price sector with 8, > 0. Moreover, we assume that the welfare
loss function includes only the price dispersion component. It is worth noting that the
price dispersion component in the full model is quantitatively the most relevant compo-
nent of the total welfare loss, as also observed in Woodford (2011b) and Gali (2015).

Based on the simplified economy, Proposition 3 presents the main results for a model

with exogenous information frictions.

Proposition 3. [Conventional View] Consider an economy comprising a flexible price sector
with 01 = 0 and a sticky price sector with 6, > 0, and information frictions are exogenous.
Suppose the welfare loss function is simplified only to include the price dispersion component.
The optimal weight on sector 2 (1 — w*) is increasing in 0y: i.e., % > 0. Furthermore, the

optimal weight on sector 2 is larger than or equal to that of sector 1,i.e.,1 — w* > w*.
Proof. See Appendix C.3. O

Proposition 3 provides a policy recommendation that aligns with the current state-
of-the-art findings (see, e.g., Aoki 2001, Benigno 2004, Mankiw and Reis 2002, and ?).
Specifically, it states that in the simplified economy, the optimal weight attached to the

price of a sticky-price sector increases with its degree of price rigidity (a(la;;d*) > 0). More-

over, compared to the stabilization of prices in the flexible price sector, the stabilization of

prices in the sticky price sector is always more important (1 — w* > w?).
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Interestingly, a qualitatively different policy prescription can be obtained in a model
with endogenous information choice. Proposition 4 presents these findings.

Proposition 4. Consider an economy comprising a flexible price sector with 01 = 0 and a sticky
price sector with 6, > 0, and information frictions are endogenous. Suppose the welfare loss

function is simplified only to include the price dispersion component. The optimal weight on
sector 2 (1 — w™) is decreasing in 0y: i.e., a(la_gs)*) < 0. Furthermore, the optimal weight on sector

2 is less than sector 1, i.e., 1 — w* < w?*, provided that K® < 62__—59922.

Proof. See Appendix C.4. O

In contrast to the conventional view (Proposition 3), Proposition 4 demonstrates that

the optimal weight attached to the price of a sticky-price sector weakly decreases in its de-
ol—w*
90,
sector is more important (1 — w* < w™) provided that the strength of the mechanism that

gree of price rigidity ( < 0). Moreover, the stabilization of prices in the flexible price
we emphasize is strong (K° < %), where K® is a measure of the degree of informa-
tion frictions defined in (2.25) and it decreases as A increases. The discussions regarding
the intuition for the condition highlighted in Proposition 4 are postponed to Section 4.4.

Before delving into that discussion, it is important to understand the mechanisms.

Understanding the Mechanism I: The Role of Endogenous Information Frictions To
understand why the policy prescription differs from the CPI stabilization policy and why
the OPI differs across models, it is useful to decompose the welfare loss under the CPI
stabilization policy. Figure 3 shows this decomposition (as a function of 6;) under alter-
native models: the model with endogenous information frictions (red lines with circles),
the model with exogenous information frictions (blue solid lines), and the model with full
information (black dashed lines).

It is apparent that, with full information, the Calvo price dispersion component of the
welfare loss dominates. Specifically, as Sector 1’s prices become more and more flexible,
the welfare loss arising from price dispersions among price-resetting and price-staggered
firms in Sector 2 becomes increasingly dominant. The central bank can address this dis-
tortion by assigning a higher weight to Sector 2’s prices in its price index stabilization
policy. This explains the black dashed line in Figure 2.

Information frictions play two roles. First, information frictions dampen firms’ re-

sponsiveness to fundamental shocks u. As a result, differences in prices between price
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Figure 3: Understanding the Trade-offs: under the CPI Stabilization
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Note: This figure plots the total welfare loss and its sub-components related to price dispersions as a func-
tion of price rigidity in sector 1 (A1) in three alternative models: endogenous information frictions (red line
with circles), exogenous information frictions (blue line), and full information (dashed black line). The
model is calibrated as follows: 6, = 0.75,e = 11,7 = 1,05 = 0.02,n1 = np = 0.5. Moreover, the parameter
that determines the attention cost (A) is calibrated to align K° with Coibion and Gorodnichenko (2012)’s
empirical estimate of the Kalman gain (0.3). Specifically, A equals 0.049 in the model with an exponential
information cost function. In the model with exogenous information frictions, o, x is calibrated to match the
empirically estimated Kalman gain of 0.3.

resetting and staggered firms are smaller. This explains the dampened Calvo price dis-
persion component in models with information frictions (blue and red lines). Second,
heterogeneous beliefs give rise to the dispersed beliefs price dispersion component. Both
features are observed in Figure 3. Due to these two reasons, in a model with exogenous
information frictions, the OPI stabilization policy requires the central bank to assign rela-

tively more weight to the relatively flexible prices sector, as compared to the counterpart

20



policy in a model with full information. That is, the dotted blue line is above the dashed
black line in Figure 2.

However, with exogenous information frictions, the existing literature’s policy pre-
scription still holds qualitatively: sectors with relatively more flexible prices receive rel-
atively smaller weight in the OPI. The reason is that, despite the emergence of dispersed
beliefs price dispersion component, the price dispersions in Sector 2 are still higher than
in Sector 1 when information is exogenous (see blue solid lines in Figure 3). More specifi-
cally, the dispersed beliefs price dispersion component in Sector 1 decreases as the degree
of price rigidity decreases in Sector 1. As a result, it requires less weight in the OPI as
prices become more flexible in Sector 1.

Endogenous information frictions change the previous results qualitatively: the dis-
persed beliefs price dispersion component in Sector 1 is an increasing function of price
flexibility in Sector 1. This is a unique feature of the endogenous information friction
model. As evidenced by the mid-left panel of Figure 3: the slopes of the red and blue
lines differ qualitatively. The key mechanism behind this result is already highlighted
in Proposition 2: with endogenous information frictions, firms are subject to more noise
(pay less attention) if prices are more flexible.

Proposition 5 summarizes this qualitative difference between a model with exogenous
and endogenous information. It shows that the highlighted mechanism is not due to a

specific calibration chosen to plot the figures.

Proposition 5. Consider an economy under CPI stabilization, the dispersed belief price dispersion
component of the welfare loss function in sector 1 decreases (increases) in €1 in a model with
endogenous (exogenous) information frictions.

Proof. See Appendix C.5. O

Understanding the Mechanism II: the Marginal Benefit/Cost of Increasing v The dis-
cussion up to this point highlighted that in a model with rational inattention, under the
CPI stabilization, the dispersed belief price dispersion component is increasingly impor-
tant if a sector’s price becomes more flexible.

Next, we illustrate why it is optimal to assign a higher weight to a sector with more
flexible prices. To this end, we fix the nominal rigidities in both sectors: 6; = 0.25 and
8, = 0.75. Again, prices in Sector 1 are relatively more flexible than in Sector 2 (6; < 67).
In this economy, we compute the total welfare loss function and the price dispersion
components as functions of w (weight assigned to Sector 1). Figure 4 plots the results.
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Figure 4: Understanding the Trade-offs when Information is Endogenous
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Note: This figure plots the total welfare loss and its sub-components related to price dispersions as a func-
tion of w in the baseline model with endogenous information. The red dots indicate the scenarios associated
with the CPI stabilization policy (w = 0.5). Sector 1 is calibrated to be the relatively more flexible sector
with 6; = 0.25 and 6, = 0.75. The remaining parameters are calibrated as follows: e =11,y =1, 012, =0.02,
n1 = np = 0.5. Moreover, the parameter that determines the attention cost (A) is calibrated to align K® with
Coibion and Gorodnichenko (2012)’s empirical estimate of the Kalman gain (0.3). Specifically, A equals
0.049 in the model with an exponential information cost function.

The total welfare loss decreases as the weight attached to Sector 1’s price (w) increases.

This is mainly due to the dispersed belief price dispersion component in Sector 1. To
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understand the trade-offs, consider the status-quo policy of CPI stabilization (w = 0.5),
indicated by the red-dots in Figure 4. Figure 4 illustrates that, in a model with endogenous
information, a marginal increase in w reduces social welfare loss. This feature is not shared
with models with perfect or exogenous information, as shown in Figures 8 and 9. Again,
the discrepancy between the model predictions originates from the dispersed belief price
dispersion components.

The key trade-off is as follows: a marginal increase in w reduces the dispersed belief
price dispersion component in Sector 1 at the cost of a higher dispersed belief price dis-
persion component in Sector 2. In the model with endogenous information, the benefit
dominates, meaning the total dispersed belief price dispersion component decreases as w
increases.

Proposition 6 summarizes this marginal benefit and cost analysis. Crucially, endoge-
nous information is key: the marginal benefit dominates in a model with endogenous
information. Therefore, a marginal increase in w is welfare-improving if information fric-
tions are endogenous when departing from the CPI stabilization.

Proposition 6. In an economy under CPI stabilization with 01 < 0y, the sum of the dispersed
belief price dispersion components in both sectors marginally decreases (does not decrease) with
respect to w in a model with endogenous (exogenous) information frictions.

Proof. See Appendix C.6. O

4.2 Policy Implication 2: The Stabilization of CPI is Not Worse than
the Stabilization of SPI

Figure 5 presents the second policy implications of the paper. It shows the welfare loss
in the baseline model with rational inattention under four alternative monetary policy
rules: optimal price index (OPI), Consumer Price Index (CPI), Stickiness-Adjusted Price
Index (SPI) stabilization policies, and the Ramsey Optimal Policy. The OPI takes into
consideration both information frictions with endogenous information choice and relative
nominal rigidity, whereas the SPI is computed ignoring the information frictions feature
of the model. Under Ramsey Optimal Policy, the central bank selects allocations optimally
without restricting to the simple price stabilization policy. The figure provides insights
into how the different monetary policy rules perform in terms of social welfare loss as
price rigidity in sector 1 varies. Not surprisingly, the OPI delivers the lowest welfare
loss compared to the other two price index stabilization policies. Moreover, as it is well
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Figure 5: Welfare Loss under the Stabilization of Alternative Price Indexes
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Note: The figure shows the total social welfare loss as a function of price rigidity in sector 1 in the baseline
model with rational inattention under four alternative monetary policy rules: the stabilization of the op-
timal price index (red line), CPI (dotted blue line), the stickiness-adjusted price index (dashed black line),
and the Ramsey Optimal Policy (pink line with circles), respectively. The model calibration is as follows:
0, =075 =11,y =1, (712, = 0.02,n; = np = 0.5. Moreover, the parameter that determines the attention
cost (A) is calibrated to align K* with Coibion and Gorodnichenko (2012)’s empirical estimate of the Kalman
gain (0.3). Specifically, A equals 0.049 (0.097) in the model with an exponential (linear) information cost
function. For the model with exogenous information, o,y is calibrated to match the targeted Kalman gain.
Panel (a) and (b) present the results under the assumption of an exponential cost function as in Paciello and
Wiederholt (2014) and a linear information cost function, respectively.

known in the literature, the OPI stabilization policy can effectively achieve allocations
that are very close to those obtained under the Ramsey Optimal policy.
Interestingly, Figure 5 shows that the stabilization of CPI is better than the stabilization

of SPI in terms of social welfare.

Understanding the Mechanisms Figure 6 illustrates the source of the welfare gain using
the CPI relative to the SPI stabilization by plotting the sub-components of the welfare
loss function (related to price dispersions) under alternative policies: the stabilization of
optimal price index (red line), CPI (dotted blue line), and stickiness-adjusted price index
(dashed black line), respectively. The SPI stabilization policy, by assigning more weight
to the relatively stickier price sector (Sector 2), leads to a substantial welfare loss due to

dispersed belief price dispersions in Sector 1.
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Figure 6: Understanding the Sources of Welfare Gain
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Note: the figure plots the total social welfare loss and its subcomponents related to price dispersions as
a function of price rigidity in sector 1 in the baseline model with rational inattention under three alterna-
tive monetary policy rules: the stabilization of optimal price index (red line), CPI (dotted blue line), and
stickiness-adjusted price index (dashed black line), respectively. The calibration of the model is as follows:
6, =075 =115 =1, 0’5 = 0.02,n; = np = 0.5. Moreover, the parameter that determines the attention
cost (A) is calibrated to align K® with Coibion and Gorodnichenko (2012)’s empirical estimate of the Kalman
gain (0.3). Specifically, A equals 0.049 in the model with an exponential information cost function. For the
model with exogenous information, o, x is calibrated to match the targeted Kalman gain.

4.3 Monetary Policy Shapes Endogenous Attention Choice

The analysis thus far has focused on the impact of endogenous attention choice on mon-
etary policy. In this section, we explore the reciprocal relationship between monetary
policy and attention choice, specifically how monetary policy influences firms’ attention
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allocation. We also provide insights into firms’ attention choices in counterfactual mone-

tary policy scenarios.

Proposition 7. Consider the economy described above, the responsiveness of prices to shocks (¢1)
and the amount of information (k1) acquired by firms in sector 1 decrease with w, That is, % <0,

aKl aagll
Y < O,and e > 0.

Proof. See Appendix C.7. O

Proposition 7 shows that firms in a sector pay less attention to economic conditions if
the central bank assigns a higher weight to the stabilization of prices in this sector.

The intuition for Proposition 7 is straightforward. First, monetary policy affects firms’
responsiveness to shocks (¢1). Specifically, if the central bank assigns more weight to the
stabilization of sector 1’s prices (w increases), firms in this sector respond less to shocks
(91 decreases). Since @1 captures the marginal benefit of paying attention, less responsive
firms are then less attentive to economic conditions. Therefore, % < 0. Consequently, 0,
increases with w.

Figure 7: Attention Choice Under Alternative Policy Rules
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Note: the figure plots the amount of information () as a function of price rigidity in sector 1 in the baseline
model with rational inattention under four alternative monetary policy rules: the stabilization of optimal
price index (red line), CPI (dotted blue line), stickiness-adjusted price index (dashed black line), and the
Ramsey Optimal Policy (pink line with circles), respectively. The calibration of the model is as follows:
6, =075 =115 =1, cTLZ, = 0.02,n; = np = 0.5. Moreover, the parameter that determines the attention
cost (A = 0.049) is calibrated to align K* with Coibion and Gorodnichenko (2012)’s empirical estimate of the
Kalman gain (0.3).

26



This result suggests a potential risk of adopting the optimal price index recommended
by the baseline model: firms in a sector with more flexible prices may pay very little at-
tention to the overall economic conditions. Figure 7 illustrates the amount of information
tirms acquire (xx) as a function of price rigidity in sector 1 in the rational inattention model
under four monetary policy rules: the stabilization of optimal price index (red line), CPI
(dotted blue line), stickiness-adjusted price index (dashed black line), and the Ramsey
Optimal Policy (pink line with circles) respectively. The left and right panels show the
attention choices for firms in Sectors 1 and 2, respectively.

Under CPI stabilization, firms in a sector with more flexible prices pay less attention
to macroeconomic conditions. The OPI stabilization policy leads to even less information
acquisition by firms in the more flexible price sector compared to the CPI stabilization
policy, which is optimal in our model. In contrast, under the SPI stabilization, firms in
the stickier price sector may acquire very little information. Compared to the extreme
attention choice outcomes under the OPI and SPI stabilization policies, firms in the CPI

stabilization world make more balanced attention choices.

4.4 Discussions and Robustness Checks

The mechanisms highlighted in the paper exist independent of the parameter calibration.
However, the strength of the mechanisms and whether they can overturn conventional
wisdom is a quantitative result. This section provides robustness checks of the baseline

findings by changing the key parameters

Discussion of the Condition in Proposition 4 Proposition 4 hints at the important pa-
rameters, specifically A (or K°) and 6, that determine the strength of the proposed mech-
anism.

A characterizes the degree of information frictions. In the extreme case when A = 0,
information acquisition is costless, and the model collapses to a model with full informa-
tion. Naturally, the mechanisms that we highlight depend on A. Proposition 4 analytically
demonstrates, in a special case, that as A increases (or equivalently, as K° decreases), the
proposed channel is more likely to dominate.

The baseline findings are reported under standard calibrations. The robustness of the
numerical results is tested by re-calibrating A to a smaller, alternative value. Figures 10
and 11 illustrate that the main findings remain robust even under this alternative calibra-

tion of A, which matches the degree of information frictions estimated by Mackowiak and
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Wiederholt (2009) and Coibion and Gorodnichenko (2015).

The other parameter highlighted in Proposition 4 is 6. According to the condition
in Proposition 4, a smaller value of 6, reduces the likelihood of overturning the conven-
tional view of stabilizing the sticky price sector’s prices. The intuition behind this is as
follows. As discussed in previous sections, the degree of nominal rigidity in a sector de-
termines the extent of dispersed-belief price dispersion in that sector. The mechanism we
emphasize exists in both sectors (sticky and flexible), but it is much stronger in the flex-
ible price sector. Consequently, the optimal policy stabilizes prices in the flexible price
sector. With a smaller 6, the proposed mechanism becomes stronger in the sticky price
sector, resulting in a greater pressure for the optimal policy to focus on price stability in
that sector.

To test the robustness of our baseline findings, we evaluate them under the condition
of a smaller 6, specifically 8, = 0.6, which corresponds to an average price duration of
2.5 quarters in the stickier price sector. Figures 12 and 13 demonstrates that the main

findings remain qualitatively the same.

Alternative Weights in the Welfare Loss Function Another parameter that is important
for our findings is €, which determines the importance of price dispersions relative to
the output gap and relative price gap in the social welfare loss function (2.17). Since
our mechanisms work through the price dispersions component, a smaller € can reduce
the quantitative relevance of the mechanisms. Figures 14 and 15 present the two policy
implications under an alternative calibration of € = 6, which corresponds to a steady state

markup of 1.2.° The main findings of the paper are robust to this alternative calibration.

5 Empirical Evidence

The key to our findings is the endogenous relationship between attention and nominal
rigidities: see Proposition 2. Specifically, firms in sectors with more flexible prices pay
less attention to macroeconomic conditions. We provide direct empirical evidence that

supports this mechanism.

Empirical Proxy of Firms’ Attention to Macroeconomic Conditions Following Song

and Stern (2022) and Flynn and Sastry (2022), we use the frequencies of macroeconomic

®Edmond et al. (2018) estimated that the aggregate markup had raised from 1.1 to 1.25.
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keywords in firms’ reports as a proxy for firms” attention. The previous literature demon-
strated that these measures are sensible proxies of firms’ attention. Song and Stern (2022)
and Flynn and Sastry (2022) focused on the cyclicality of the constructed attention and
Song and Stern (2022) documented the heterogeneous effects of monetary policy on firms’
market values depending firms’ attentions to macroeconomic conditions. In this paper,
we document the correlation between attention and the frequency of price adjustment
(FPA).

Our text data is derived from U.S. public company’s annual report on Form 10-K.” All
companies with their securities traded on a US exchange and subject to Section 13 or 15(d)
of the US Securities Exchange Act of 1934 must file these reports. As it is summarized by
SEC (2011): "Among other things, the 10-K offers a detailed picture of a company’s busi-
ness, the risks it faces, and the operating and financial results for the fiscal year. Company
management also discusses its perspective on the business results and what is driving
them". Therefore, these reports contain information about what firms pay attention to.

We use the frequency of macroeconomic keywords that appear in the report as a proxy
for the amount of attention (the amount of information) that firms pay to the associated
macroeconomic topic/condition. To calculate word counts, we employ the method pro-
posed by Loughran and McDonald (2011). This process involves parsing the filings by
removing numbers and "stop words," such as connectors, and mapping each word to a
dictionary containing all words in the sample. Subsequently, we apply the same topics
and keywords (see Table 2) used by Song and Stern (2022) to construct attention intensity
measures. Specifically, attention intensity fc{ ; represents the number of times the topic j is

mentioned divided by the total number of words in the filing by a firm i at time :

.j _ Total topic j wordsi
it Total words;;

Our empirical assumption is that conditional on firm using the selected macroeconomic
keywords in its report, the frequency of these keywords is proportional to the firm’s at-
tention to the macroeconomic condition. Our proxy coincides with the intensity measure
of the attention that was defined by Song and Stern (2022). A clarification of the identifica-
tion assumption is useful at this point. Specifically, we do not rule out the possibility that

companies might be very attentive to macroeconomic conditions; however, they might

"The body of the 10-K filings is retrieved from The Notre Dame Software Repository for Accounting and
Finance (SRAF). The SRAF is a repository of financial and accounting data maintained by the University of
Notre Dame, and it is available at: https://sraf.nd.edu/data/stage-one-10-x-parse-data/
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use a set of words that are different from our selected keywords due to their writing style.
Therefore, ranking companies that do not use the selected keywords as paying less atten-
tion than a company that mentions a keyword once is inappropriate because it is possible
that these companies might be very attentive to macroeconomic conditions but use a set
of words that are different from our selected keywords due to their writing style. There-
fore, we drop these observations and rely on the frequency of macroeconomic keywords

as a proxy for attention only among firms that use these keywords in their report.

Merging the Attention Data with Frequency of Price Adjustment Data We use the
FPA constructed by Pasten et al. (2020). Relying on the micro-level data behind the con-
struction of the Producer Price Index, the authors construct the frequency of price adjust-
ment at NAICS 6-digit level. The sectoral level data is suitable for our analysis because
our model rely on the correlation between the FPA and attention at sectoral level. To merge
the two datasets, the firm-level attention data is aggregated in NAICS 6-digit sector level
by computing the sales-weighted average of firms within each sector.®

In the final data, for each topic j, we observe &y ; the average attention paid by firms in
a sector k and the frequency of price adjustment FPA.

Empirical Results To investigate the relationship between firms” attention to macroeco-
nomic conditions and the degree of nominal rigidity, we estimate the following regres-

sion:
100 x log(kk,]-) =wa+ B X FPAx+ FE + Ug,j, (5.1)

where FE indicates fixed effects.”

Table 1 reports the estimation results. The parameter of interest is § associated with
the variable FPAj. Across all specifications that we consider — consistent with the model
— the estimated f is negative. That is, in sectors with more flexible prices (bigger FPAy),
tirms pay less attention to macroeconomic conditions as measured by the frequency of
macroeconomic keywords used in firms’ reports. Column (1) reports the result of esti-

mating the baseline model (5.1) without controlling any fixed effects. In Column (2), we

8We first construct the average attention and average sale (from Compustat) for each firm. The sectoral
attention data is then sale-weighted average within each sector.

9Within each sector, there are nine measures of attention corresponding to different topics, along with
one measure of firm-specific productivity (FPA). The equation 5.1 is estimated using pooled OLS.
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Table 1: Regression Results

(1) (2) (3)
B -33.19%%*  -26.97%*  -27.58%**
(8.18) (6.44) (6.92)
Topic FE NO YES NO
Sector x Topic FE NO NO YES
Observations 3303 3303 3303

Adjusted R-squared  0.005 0.384 0.421

Note: This table report the estimated B from 100 x log(l%k,j) =
a + B x FPAx + FE + uyj , where FPA indicates the frequency of
price adjustment. IAck,j measures the amount of information. In
the fixed effects, Sector FE refers to the 2-digit NAICS sector, and
Topic to the group of keywords used to measure attention. Stan-
dard errors are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

control for Topics fixed effects. In Column (3), we control for Topics times Sector (NAICS
2-digit) fixed effects. These fixed effects address all potential confounding factors that are
common at the NAICS 2-digit level. The main finding remains unaffected.

To address a potential concern that the findings were driven by extreme observations,
namely firms that mentioned macroeconomic keywords only once, we re-estimate the
empirical models using observations that exclude these firms. Table 3 demonstrates the

empirical observation is robust to the exclusion of extreme firms.

6 Conclusion

Most central banks in advanced economies stabilize the CPI, defined as the price index
weighted by consumption weights (or sizes of sectors). The existing academic literature
stresses the importance of considering cross-sector heterogeneities. The dominating view
is that the optimal price index should attach a bigger weight to prices in sectors with
relatively stickier prices. This paper challenges this policy prescription by introducing
rational inattention to the existing frameworks.

We demonstrate that with endogenous information choice, specifically rational inat-
tention, firms in sectors with more flexible prices gather less information. In other words,

sectors with less degrees of nominal frictions are endogenously associated with more sig-
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nificant information frictions. These increased information frictions make prices more
dispersed among price resetting firms in flexible price sectors, thereby increasing social
welfare loss. Consequently, our model prescribes an Optimal Price Index (OPI) policy
that places greater importance on stabilizing prices in sectors with more flexible prices.

We compare the performance of CPI stabilization with that of the Stabilized Price In-
dex (SPI) policy. The SPI represents the optimal price index computed in an equivalent
model assuming full information. We find that stabilizing the CPI yields superior results
in terms of social welfare.

To support these findings, we provide empirical evidence that substantiates the core
mechanism, employing the frequency of macroeconomic keywords in firms’ reports as a
proxy for firms’ attention to unobserved macroeconomic conditions. Consistent with our
model’s mechanism, we illustrate that firms in sectors with more frequent price adjust-
ments display lower attention to macroeconomic conditions.

Our findings convey a broader message: an optimal policy derived from a stylized
model might be misleading if there are omitted frictions that correlate with existing fric-
tions. This critique also applies to our model. Specifically, in our model, the OPI pol-
icy induces firms in sectors with flexible prices to acquire limited information. Within
our framework, such an allocation is optimal since the central bank stabilizes the actions
of these partially informed firms (with a large w). However, in reality, firms” informa-
tion choices may interact with other sources of distortion, which can introduce additional
costs associated with information. Exploring this possibility could be a promising avenue
for future research.
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Figure 8: Understanding the Trade-offs when Information is Perfect
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Note: This figure plots the total welfare loss and its sub-components related to price dispersions as a func-
tion of w in the baseline model with full information. Sector 1 is calibrated to be the relatively more flexible
sector with 6; = 0.25 and 6, = 0.75. The remaining parameters are calibrated as follows: € = 11,7 =1,
02 =0.02, 1y =ny = 0.5,
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Figure 9: Understanding the Trade-offs when Information is Exogenous
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Note: This figure plots the total welfare loss and its sub-components related to price dispersions as a func-
tion of w in the baseline model with exogenous information friction (Kalman gain is set to 0.3). Sector 1 is
calibrated to be the relatively more flexible sector with §; = 0.25 and 6, = 0.75. The remaining parameters
are calibrated as follows: e =11,y =1, (75 =0.02,n1 =np, = 0.5.
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Figure 10: Optimal Weight under the Alternative Calibration of A
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Note: This figure plots the optimal price index summarized by w as a function of price rigidity in sector 1
(01) in three alternative models: endogenous information frictions (red line), exogenous information fric-
tions (dotted blue line), and full information (dashed black line). The calibration of the model is as follows:
B, =075 =11,y =1, (75 = 0.02,n; = ny = 0.5. Moreover, the parameter that determines the attention
cost (A) is calibrated to align K® with Mackowiak and Wiederholt (2009) and Coibion and Gorodnichenko
(2015)’s empirical estimate of the Kalman gain (0.4). For the model with exogenous information, o, is
calibrated to match the targeted Kalman gain. Panel (a) and (b) present the results under the assumption
of an exponential cost function as in Paciello and Wiederholt (2014) and a linear information cost function,
respectively.
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Figure 11: Policy Evaluations under the Alternative Calibration of A
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Note: The figure shows the total social welfare loss as a function of price rigidity in sector 1 in the base-
line model with rational inattention under three alternative monetary policy rules: the stabilization of the
optimal price index (red line), CPI (dotted blue line), and the stickiness-adjusted price index (dashed black
line), respectively. The model calibration is as follows: 6, = 0.75,e = 11,57 =1, O'lzl = 0.02,n1 = ny, = 0.5.
Moreover, the parameter that determines the attention cost (A) is calibrated to align K* with Mackowiak and
Wiederholt (2009) and Coibion and Gorodnichenko (2015)’s empirical estimate of the Kalman gain (0.4). For
the model with exogenous information, o,  is calibrated to match the targeted Kalman gain. Panel (a) and
(b) present the results under the assumption of an exponential cost function as in Paciello and Wiederholt
(2014) and a linear information cost function, respectively.
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Figure 12: Optimal Weight under the Alternative Calibration of 6,
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Note: This figure plots the optimal price index summarized by w as a function of price rigidity in sector 1
(A1) in three alternative models: endogenous information frictions (red line), exogenous information fric-
tions (dotted blue line), and full information (dashed black line). The calibration of the model is as follows:
0 =06,e =11, = 1,(7121 = 0.02,n7 = np = 0.5. Moreover, the parameter that determines the attention
cost (A) is calibrated to align K® with Coibion and Gorodnichenko (2012)’s empirical estimate of the Kalman
gain (0.3). Specifically, A equals 0.049 (0.097) in the model with an exponential (linear) information cost
function. For the model with exogenous information, o, is calibrated to match the targeted Kalman gain.
Panel (a) and (b) present the results under the assumption of an exponential cost function as in Paciello and
Wiederholt (2014) and a linear information cost function, respectively.
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Figure 13: Policy Evaluations under the Alternative Calibration of 6,
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Note: The figure shows the total social welfare loss as a function of price rigidity in sector 1 in the base-
line model with rational inattention under three alternative monetary policy rules: the stabilization of the
optimal price index (red line), CPI (dotted blue line), and the stickiness-adjusted price index (dashed black
line), respectively. The model calibration is as follows: 8, = 0.6,e = 11,77 =1, 05 = 0.02,n; = np = 0.5.
Moreover, the parameter that determines the attention cost (A) is calibrated to align K* with Coibion and
Gorodnichenko (2012)’s empirical estimate of the Kalman gain (0.3). Specifically, A equals 0.049 (0.097) in
the model with an exponential (linear) information cost function. For the model with exogenous informa-
tion, o, is calibrated to match the targeted Kalman gain. Panel (a) and (b) present the results under the
assumption of an exponential cost function as in Paciello and Wiederholt (2014) and a linear information
cost function, respectively.
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Figure 14: Optimal Weight under the Alternative Calibration of €
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Note: This figure plots the optimal price index summarized by w as a function of price rigidity in sector 1
(01) in three alternative models: endogenous information frictions (red line), exogenous information fric-
tions (dotted blue line), and full information (dashed black line). The calibration of the model is as follows:
B = 0.75,e = 6,11 = 1,(75 = 0.02,n7 = ny = 0.5. Moreover, the parameter that determines the attention
cost (A) is calibrated to align K® with Coibion and Gorodnichenko (2012)’s empirical estimate of the Kalman
gain (0.3). Specifically, A equals 0.049 (0.097) in the model with an exponential (linear) information cost
function. For the model with exogenous information, o, is calibrated to match the targeted Kalman gain.
Panel (a) and (b) present the results under the assumption of an exponential cost function as in Paciello and
Wiederholt (2014) and a linear information cost function, respectively.
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Figure 15: Policy Evaluations under the Alternative Calibration of €
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Note: The figure shows the total social welfare loss as a function of price rigidity in sector 1 in the base-
line model with rational inattention under three alternative monetary policy rules: the stabilization of the
optimal price index (red line), CPI (dotted blue line), and the stickiness-adjusted price index (dashed black
line), respectively. The model calibration is as follows: 8, = 0.75,e = 6,5 =1, (lel = 0.02,n1 = np = 0.5.
Moreover, the parameter that determines the attention cost (A) is calibrated to align K® with Coibion and
Gorodnichenko (2012)’s empirical estimate of the Kalman gain (0.3). Specifically, A equals 0.049 (0.097) in
the model with an exponential (linear) information cost function. For the model with exogenous informa-
tion, o,k is calibrated to match the targeted Kalman gain. Panel (a) and (b) present the results under the
assumption of an exponential cost function as in Paciello and Wiederholt (2014) and a linear information
cost function, respectively.
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Table 2: Macroeconomics Topics and Keywords

Topic Keywords
General economic conditions
Output GDP , economic growth, macroeconomic condition,

construction spending, national activity, recession

Employment national activity, JOLTS , labor market, jobless claims,
jobs report, non farm payroll, adp employment report,
employment cost index

Consumption consumer confidence, consumer credit, consumer sentiment,
durable goods, personal income, retail sales

Investment business inventories, manufacturing survey, factory orders,
business outlook survey, manufacturing index,
industrial production, business optimism, wholesale trade

FOMC FOMC , monetary policy, quantitative easing
Housing home sales, home prices, housing starts, housing market
Inflation price index, price level, consumer price index, CPI,

PMI, PPI, disinflationary, hyperinflation, inflation,
inflationary, hyperinflationary, disinflation

Oil oil prices, oil supply, oil demand

Table 3: Regression Results: Robustness Check

(1) (2) (3)

B ~40.05%%  -32.72%*  -30.83***
(731)  (638)  (6.80)

Topic FE NO YES NO
Sector * Topic FE NO NO YES
Observations 2583 2583 2583

Adjusted R-squared  0.011 0.251 0.297

Note: This table report the estimated B from 100 x log(l%k,]») =
a + B x FPAx + FE + uyj , where FPA indicates the frequency of
price adjustment. I%k,j measures the amount of information. In
the fixed effects, Sector FE refers to the 2-digit NAICS sector, and
Topic to the group of keywords used to measure attention. Stan-
dard errors are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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B Model Appendix

B.1 Optimal price setting

Firm i in sector k maximizes its expected profit:
E (il i) = E (PeiYyi/ P — (1 — T)WiLyi / P| 1)

Moreover, from the household’s utility maximization problem, we derive:

1 Wy
el S W, =P B.1
CPp 0 = We=PC (B.1)
Thus, the profit function is given by:
Ty = PkiYki/P — YeiakYki (B2)

e —
Given optimal consumption solution Cy; = (%’) nika and C;, = (%) n,C, The

profit function can be expressed as:

(P TP\ o (B (PN

We rewrite Y = YeY, P = PeP, P, = PePk, P,; = PePti, where a small letter denotes the
log-deviation of the variable from its value at the non-stochastic solution (when a; = 0).

Thus, the above profit function can be expressed as:

Tty = el =OPrigle=mpre1—Dpyey e~ Mo €Pki (€= 1) Pi P Y2 02Y (B.4)
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To approximate the equation, we need the following first and second-order derivatives:

gvki = (1 —€) e1=OPrigle=MPio(1=1PYV 4 e~ e—Priple~MPrelPY e (1 — 1) (B.5)
Pki
2
0 vzki = (1 — €)% e1=)Priple=Mpre1—1ry,py — eze’”ke’q’kie(efﬁ)pkeﬂpyzezy(1 —-71) (B6)
Py
2
0V _ (1—¢) (e — 1) e1=Priple=DPre(I=VPY eV ¢ (¢ — 1) e—ake—epkie(e—ﬂ)Pkeﬂpvze%f(1 - 1)
OPriOPx
(B.7)
2
9"V =7 (1—¢) e(1=€)Pkip(e=pk o (1=1)PYypy (1+ ;7)ee‘”ke_epkfe(e_”)pke’”’yzezy(1 —T)
Ipkiop
(B.8)
2
"0y — _eefakefepkie(efn)pkew?zgy(1 — 1) (B.9)
apkiaak
2
aa Ugi =(1—¢) e(1=€)priple=pi o (1=1)Pypy zee*”kefepkie(efﬂ)PkeWYzeZy(1 — 1) (B.10)
Pkidy

Next we evaluate above derivatives at the non-stochastic solution, i.e. py;, = 0,pr =
0,ar = 0,y = 0. The employment subsidy 7 is chosen to elminate the inefficiency result-
ing from the presence of market power of monopolistic competititve firms, i.e. 1 — 7 =

%, implying that Y = 1. The evaluated derivatives are as follows:

Qvn:
%(PkiZO,PkZOIPZOIy:()/ﬂkZO) =0, (B.11)
Pki
02v;;
S P =0 =0,p =0y = 0,0, =0) = (e 1), (B12)
ki
azl)ki
.:O’ :0, :0, :0[@ =0 :O, B.13
apkiapk (pkl pk p y k ) ( )
azl)ki
- -:0, :O, :O’ :O/a :0 :6—1 B.].4
aphap(pkl pe=0,p=0,y x=0) (B.14)
azvki
apkiaﬂk(pki - O/Pk - O/p - Oly — Olak - 0) — _(6 - 1) (B]‘S)
%0y
~:0, :O’ :0/ :O,a :0 :6—1 B16
aphay(ph pe=0,p=0y k=0) (B.16)
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Using these results above and together with Equation (B.4), we take second order approx-

imation to the profit function and obtain

e—1 .

Vg R —Tp%i + (e — 1) pxip — (€ — 1) priax + (€ — 1) pxiy + t.i.p.s (B.17)
where t.i.p.s are terms independent of py;. Finally, profit-maximizing price py; set by firm
i in sector k implied by the first order condition g;ki =0is

ki
P =P+Y—a (B.18)

B.2 Obijective function for attention choice: profit loss

From the inner optimization problem in Equation (2.2), the price set by firm i in sector
kis p;; = E[p}:|Ixi], where p;; denotes the profit-maximizing price (details can be found
above in B.1). Then, we follow Mackowiak and Wiederholt (2009) and define the loss in

profits resulting from a suboptimal price set by the inattentive decision-maker as

i (Pri- .Y, 8) — 0i(pri P, Y, 0) (B.19)
= LS i) + (e~ D — (e~ Ve + (e — Dy

IS (PR~ (e Dptip + (e~ Vpfiar— (e~ Dpfy

= L~ ] + (e =Dy — ) (s i),

= iy i)’ (B.20)

where the first equality follows from Equation (B.17) and the second equality follows
from Equation (B.18).
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B.3 Policy functions

We employ the method of undetermined coefficients to determine the policy functions.

We guess and verify these function forms as follows:

pP1i = P15
p1 = 1
Pai = —$252i
P2 = —aou
X = ¢pyu.

Given our guesses, the following equations must hold:

p1s1; =E B(l —601)pru — %(1 — 02) ot + Ppxu + u|51i] (B.21)
— sy = E [%(1 — 61) 1 — %(1 — 02) ot + Pt — u|52,-] , (B.22)
Thus, we have:
$1 = %(1 — 011Ky — %(1 — 02) oKy + ¢ Ky + Ky (B.23)
2= 5 (1= 0)p1Ka — 5(1— B2)gaKa + oKz — Ko, (B.24)

where K; and Kj; are Kalman gains in sector 1 and 2 respectively. We assume the central

bank uses a price stabilization monetary policy:

(1~ )i — 2 (1 - 62) (1~ @) =, (B.25)

N[ —

From this equation, we obtain:

(1-6)(1-w)
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Plugging equation (B.26) into (B.23) and (B.24), we get

1-6)(1l-w) 1.  (1-6)(1-w) . 1,
(1-0))w $2 = 2(1 61) (1—0))w $2Kq 2(1 02) 2Ky + ¢ Ky + Ky,
(B.27)
1 1—6)(1—w 1
— 2= E(l —61) ( q i)él)w )cszz — 5(1 — 02) Ko + P Ko + Ky (B.28)
Combining these two equations above, we can derive
. 2(1 — 92)(1 — w)K1K2
2(1 — Ql)leKz (]330)

P = A6 — )k + (1— 1)Ky
Plugging the two results into either equation (B.27) or equation (B.28), we obtain

. (1 — 92)(1 — a))K2 — (1 — 91)601(1 _ (1 — 91)(1 — 92)(1 — CU) — (1 — 91)(1 — 92)6()

= KiK
P = 161 —w)k + (1= 6y)wky (1—62)(1 —)Ka + (1 = 6))wKq 142
(B.31)
Substituting the values of ¢, ¢, and ¢, into the profit-maximizing price of firm i in sector
1, we have )
2(1 - 92)(1 % K2
0 = , B.32
PUi = 1 26,)(1 — w)Ka + (1 — 67)wK; " (B.32)
and 2(1 = 6,)(1 — w)K
* — U2 — W )Ko
;= - B.33
P1i (1 _ 92)(1 _ CU)KZ + (1 — Gl)le Klslll ( )

This equation (B.33) verifies our initial guesses. Furthermore, we define ¢ and ¢, as

. (Pl . 2(1 — 92)(1 — w)K2
PR T A0 W)kt (1 6wk, (B.34)

2K T -6 — K+ (1— 6wk,

Note that @1 + ¢2 = 2.
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C Proofs of Propositions

C.1 Proof of Proposition 1

The proof closely follows Mondria (2010) and Li and Wu (2016). Let the signals structure
of agents have the following general form

Sy = Mia+ep; (C1)

/! . . . . .
where a = (a1,a3)" is the vector of sectoral shocks with variance-covariance matrix X,

sp; = (Ski1,ski2)’ is the vector of signals and Mj is 2 X 2 matrix as the weights of these
shocks. The vector of observational errors e}, = <ei‘,ki, ezki>/ is a 2-dimensional Gaussian
vector. The variance-covariance matrix of e;; is Z;‘,k.

In the following steps, we will show that given the general signal strcuture (C.1), the

agents will optimally choose the sginal strcture as the form:
Ski = U + €kj (CZ)

Step 1 We first take a linear tranformation of the signal structure (C.1) so that the
variance-covariance matrix of the error term of the new signal is dianal. Since the vairance-
covariance matrix X7, is symmetric and positive semi-definite, we can always find a or-

thonal matrix By such that

Yok = By Ak By (C.3)
where Ay is a diagnal matrix and B;, = B, 1 Firstly, we transform the signal linearly as
follows:

St = By 'siy (C4)
= B, 'Mja+ B, 'e}; (C.5)

The variance-covariance matrix of B~ 16% is a diagnal matrix Ay.
Then, we constrcut a new signal s; of the following form:

Sii — Mktl + ey
where My = DB, 1M;, exi = DB, 1e;:i. D is a diagonal non-singular matrix. We can
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1 mkll

select D such that the weighting matrix Mj is normalized to be M = [ ] . The

M2
variance-covariance matrix of ey; is X, .

Moreover, it is important to note that the linear transform does not alter the mutual
information. In other words, the new signal §}; satifies the information capacity constraint
and leads to the same equilibrium.

Step 2 In the second step, we proceed to show that firms choose to observe only one
signal. We first describe the information capacity of firms.

The information constraint for firms in sector k follows

det (MiZaaMi +2ep) o, (C.6)
det (Ze,k) o ’ '

where det denotes the determinant of a matrix. It follows that

2 2 2 2 2 2 2 5 o
Ot Mm% 931 + My >0% (mk,l - mk,z) 0100

2Kk
— — = < 2%, (C.7)
kel k,e2 k,el” k,e2

where (7,3’ .1 and 0',%, . are items in %, , and 031 and (732 are items in X,;. The information
constraint is binding in the equilibrium can be rewritten compactly in terms of ‘Tezl,k and
‘TeZz,k as Yk,10y, 621 + Yi20% 322 + Yi30, e21‘7k_, 622 = Y4 Where v 1, Vi 2, Yk 3 and yy 4 are positive real
numbers.

Next, we describe the optimization problem of firms. Given the information capacity
Ky, firm i in sector k minimize the profit loss function E ((p}; — p3;)? | ski) subject to the
information constraint (C.6).

Let’s assume in equilibrium py; = ®,0a, where @0 = (‘Ppﬁ,lf <Pp;,2> . This can be easily
verified later. 1 Use the information constraint (C.6) and conjectured equilibrium for py.
, the profit loss function is:

E ((pf; — pi)? | ski)
= Var (pg; | ski)
-1
— d)za;):aa@;z — q)pzzaaM;( (MkZ,mM]/( + Zk,e) MkZaad);i

Tr (M EaaMj+Z 0 ) 1— ( My Zaa M +3 . )
2%k det (2., )

_ 2 2 2 o
= Xk,0 + Xk,10% o1 + Xk,20% oo + X304 ;104

19We will show that p; actually is function of u, which is 0.5 (4, — a1), later
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where the first equality uses the pricing equation p;; = E (p}, | sk), the second equality
uses the equilibrium solution, the third equality uses equation (C.6) and operation of
inverse matrix, and the fourth equality is obtained with some algebra. Tr means the trace
of a matrix and 1is 2 x 2 identity matrix. Coefficients xy o, Xx 1, , Xx 2 and x 3 are all positive
real numbers:

Yoo = $1 00 + 93000

Xy = 277 ((Pl,p;: a1+ i1 32)2

Yo = 27 <<P1,p;; 1 Moo e 32)2

Xy = 272 (myy —myn)’ 000 (4’%,;9; 2 e 52) :

Therefore, firms” attention allocation problem can be reformulated as
~ —2 —2 -2 -2
min X0 + X10p o1 + Xk20) 00 + Xk30% 010 02
Uk,el ’Uk,e2
t _ —2 -2 -2 -2
5.L. yk14 o yk/lak,el + ykzzgk,eZ + yk130k,e10k,e2’
Substituting constraints into the objective function, we obtain

-2
) _9 -2 Yia — yk,lak,gl
mun - Xjeo + Xj10p 1 + (xk,l T xk,3‘7k,e1> ST
Yr2 + Yk30 a1

The second-order condition is

(y1y2+y3ya)
2 (v2tysz1)? (¥2y3 — y23)
2
_ —2 2 4 4

< 0

The objective function is strictly concave over a compact set [O, z’;—ﬂ There exists only

,

corner solutions, which implies that firms choose to observe only one signal. The firms
. . . -2 2 . .
choose to observe either signal sy, (i.e. Tron = Yka / Yk1: Ok on = 0) or signal sy, (i.e.

Tk, 21 =0,0;, 32,2 = Y4/ Yk2). Without the loss of the generality, we assume firms choose to
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observe:

Ski = A1+ my1a2 + ey

= Mia+ey

where My = (1, my ).
Step 3: In the third step, we chaterize the optimal information strcuture the firms
choose to observe. Specifically, , we solve for the optimal weights M and variance ¢Z for

firms in sector k as follows

2
~
. ,_ (@nZay)
min ¢p02aa¢po - ~ =~/
mk,llaﬁ’z k k MkZaaMk + (Tg
s.t. Mkzaa]v;k % _ 22k
Ue
The solution is
©2
M1 = —¢pk
‘Pp;,l
2 1 y o !
(TE = kaZaaMk .
~ Ppe, ) . . .
Thus M) = (1, (Pp—’;j) . Take linear transform of the signal, it turns out that the optimal
%

signal for firms in sector k is a is a signal about py, = <4>p211, %;,2) a. With a little abuse

of notation, it is

<&
Ski = Pki T €ki-

Step 4 In the last step, we show that py; is a linear function of u; and optimal signal

for firms is to observe u;. Given the information structure (C.8), and the systems of the
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equations

Pri = E (pgilski)
Pii = pt+xtu
Pai = p+x—u
0 = wp1 + (1 - w)ps

Pk=ﬂ—%)/%%

pzi is linear function of u. Thus, by the linear transformation, the optimal signal is a signal
about u equivalently. With a little abuse of notation, it is

Ski = U+ €.

C.2 Proof of Proposition 2

Proof. In the analysis below, we focus on the case where the solution is interior. The

optimal attention choice problem leads to the following equations:

_ xS
Ki=1- -k (C.8)
$1
1-K°
Ky=1- . (C.9)
P2
where K* =1 — ((efi‘)ag)%.
The price stabilization policy indicates that
w(1—=01) ¢1Ki—(1—w)(1—62) p2Ky =0 (C.10)
Note that
P1+ @2 =2 (C.11)

From Equations (C.8), (C.9), (C.10), and (C.11), we can solve for K;, Kz, ¢1, and ¢:
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2(1—w)(1—6)K°

K= Ao =) T+ K) Fw =60 (1=K (12
P 92)2(<{;£1K—S)9:L)55(1 S (C.13)
b e
s

It is straightforward to show that %%f > 0, g—g’; > 0,k = 1,2. Next, we derive the expres-

sions for o, , where k = 1, 2:

(1= w)(1=60)(1-K)+w(1—-6)(1-K°)
- ( 20w (-G K Ja e
(762,2 = (% — 1) (75

2
From equations C.16, C.17, it can be shown that ° 0, > 0. Proof of proposition 1 is com-

pleted. O

C.3 Proof of Proposition 3

Proof. Under exogenous information friction, the sum of dispersed information price dis-

persion is:

(1—-62)[(1 - w)*(1 = 6) + ]

exo __ 2 2
NS = (1= @)1 6y) P 4K*o, (C.18)
The sum of calvo price dispersion is:
_ 2K252
Calvo®*® 62(1 — 6,)40 K0 (C.19)

T w)1-6) + w]?
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The total price dispersion is proportional to:

02/02[(1 — w)?(1 — 6;) + w?) + Gw?] + Br?

L = C.20
0= w)(1 =) + P 2
Take the derivative of L*** w.r.t.w, the first order condition % = 0 yields the optimal
weight:
. 1
w" = = (C.21)
2+é%

It is easy to show that w* is decreasing in 6,, and w* < 0.5.

O

C.4 Proof of Proposition 4

Proof. From section C.2, we have the following expressions for the case where the price is
tully flexible in sector 1 under rational inattention, i.e., ; = 0.
The sum of Calvo price dispersion is

4 (1 — 6,) 6hw?K*?

o, (C.22)
[(1—w) (1—6) +w]* "
The sum of dispersed belief price dispersion is
2(1-6,)K°(1—-K*%) ,
2
A-—w)(1—6) tw’™ (€23)
The total price dispersion is proportional to
218 _ S _ _
L:292a}K +(1-K%)((1 w)(1292)+w) (C24)
(1= w) (1= 62) + ]
_ 20,w?K5 4 (1 — K5) (1 — 0 + wby) (C.25)

[1— 6, + wbs)?

Take derivative of L w.r.t w, we get
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OL  (40,wK°+(1—K°)02)[1—6r+w8)])> —205[1— 0 +wh] (20,02 K3+(1—K°) (1—62+w ) )
dw [1-6,+wb,]*
[46,K°(1—0,) — (1—K*)02] w— (1-K*)6(1—06;)

[1—6,+wb,]?

Throughout the analysis below, we focus on the cases where 6, > 0.

o Case 1: [46,K°(1—6,) —(1—K*) 03] <0 < K° < .~ 39 In this case, 2& < 0.
Therefore the welfare loss is decreasing in w. The economy reaches the minimum of

welfare loss when w* = 1.

* Case2: [46,K° (1—6;) — (1 —K%)63] > 0 <= K° > % In this case, the optimal

(1=K°)(1-65)

(1=0,)— (1=K 1}. It is trivial to show that under the former

weight w* = min{4Ks
condition, % > 0.
Next, we derive the condition for w* > }, which implies that (5K° — 1)6, > 2(3K*® —

1). It follows that K® < 62__5992 :

Combining case 1 and case 2, we conclude that - a“’ > 0,and if K* < 62 5992 , w* > 0.5.

This completes the proof. O

C.5 Proof of Proposition 5

The dispersed belief components for sector 1 (NSq) and sector 2 (NSy) under rational

inattention are given by:

NS, = (1—6) (Ki¢1)* 024 (C.26)

e,

NSZ = (1 — 92) (K2¢2)20'32/2 (C.27)

Substituting the solutions for ¢1, ¢, K;, and K; from section C.2, we can simplify the

expressions to:
_ _ S s
2(1-w)(1-6)K°(1—-K )0_5 (C.28)
(1-w) (1 92) +w

2w (1-6,) K (1-K°) , (C.29)
(1—w) (1 92) to

NS; =

NSy =
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Under exogenous information, when firms in both sectors share the same information set,
the dispersed belief component for sector 1 (NS{*°) and sector 2 (NS5*°) is given by:

2(1—w)(1—6)Kexo  1?
1-w) (1—62)-|-w(1—01)} o (€.30)
2w (1 — 61) Kexo 2,
wﬂ1—®y+wa—ﬂn}0é (30

NS = (1 - 6;) [(

NSF = (1-6) | =

where K.y, is the Kalman gain under exogenous information. It can be easy to show
exo
that under CPI targeting policy, i.e., w = 0.5, % <0, BZ\;% > 0, for 6; € (0,1)and

6> € (0,1). This completes the proof.

C.6 Proof of Proposition 6

Proof. From section C.5, the sum of dispersed belief components for welfare loss NS un-

der rational inattention is:
2(1—-6,)K5(1—-K°%) ,

NS =NS;1+ NS, = — o (C.32)
(1—w) (1_&) +w

It is straigtforward to show that if 6; < 65, agxl_ws <O0.
Under exogenous information, the sum of dispersed belief components for welfare loss
NS is

(1—6) (1 —w)*+ (1—6;) w?
[(1—w) (1-62) +w(1-61)]

SEXO 1o

Taking the derivative of NS with respect to w, we get:

oN §exo [-2(1-62) (1—w) +2(1-0))w][(1-w) (1-6) fw(1-6;)]?

Jdw [(1—w)(1=6,)+w(1—6)]*
2[(1=w) (1=6) +w(1=01)) [~ (1=05)+(1—61)] [(1-62) (1—w)*+ (1—01 )w?]
[(1-w)(1-62)+w(1-6y)]*
[~2(1-6;) (1-w) +2(1—61)w][(1=w) (1=0) +w (161 )]
[(1-w) (1-62) +w(1-6,)]
2[—(1-62)+(1-01)][(1-02) (1—w)*+(1— )w?]
[(1-w)(1—-6)+w(1-67)]?
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Evaluating ‘atw = 0.5, we have:

aNSE‘XO

ow =0

Proof of proposition 5 is completed. O

C.7 Proof of Proposition 7

Proof. From section C.2, we have the following expressions:

2(1-w)(1—6y)K®

K= 06 A+ k) w16 (1-K) (€3
 (1-w)(1—-6) (1+K°) +w(1—-6)(1-K°)

P1= 1-w)(1—02) +w(l—6) (C.34)
(- w) (1-6) (1K) +w(1—6) (1-K)

%= 2000tk )i e

90,1

It is clear that aa% <0, aa% < 0,and 7 > 0. Since «; is increasing in K, we have 3% <0.

This completes the proof of Proposition 6. O
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