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Abstract

Survey data shows that households associate higher expected inflation with lower
expected output growth, while firms and professionals associate higher expected in-
flation with higher expected growth. Standard macroeconomic models struggle to
explain this heterogeneity. This paper shows that the asymmetry in agents’ beliefs
can be explained by their respective optimal attention choices. Households find it
optimal to pay more attention to supply shocks because these shocks most affect
their real income, while firms optimally pay more attention to demand shocks be-
cause of their larger impact on profits. I develop a dynamic general equilibrium
model with rationally inattentive households and firms and show that its predic-
tions align with survey evidence. Attention choices influence the propagation of
the shocks, affecting the slope of the Phillips curve. Furthermore, policies aimed
to stimulate the economy by signaling future states or policy may be weakened as
inattentive agents misinterpret such actions.

Keywords: Rational inattention; Expectation formation; Firms; Households;
JEL classification: D83, E31, E32, E71.

T wish to thank Martin Ellison, Alexandre Kohlhas, Guido Ascari, Dong Ding, Andrea Ferrero, Luigi
Iovino, Alistair Macaulay, Bartosz Mackowiak, Kerstin Westergren, Francesco Zanetti, and participants at
the JME-SNB-Gerzensee Conference 2024, EEA-ESEM 2024, 53rd Annual Conference of the Money, Macro
and Finance Society, RES 2024 Annual Conference; EPOC Doctoral Workshop, Conference on Expectations
in Dynamic Macroeconomic Models, Norges Bank Workshop, Behavioral Finance Group, University of
Oxford for valuable feedback. Financial support from the Departmental Doctoral Bursary and the David
Walton Distinguished Doctoral Scholarship are greatly appreciated.

+Department of Economics, University of Oxford, Manor Road, Oxford OX1 3UQ, United Kingdom.
E-mail address: yifan.zhang@economics.ox.ac.uk


https://yifan-zhang-in.github.io/files/papers/JMP_Yifan_Zhang.pdf
mailto:yifan.zhang@economics.ox.ac.uk

1 Introduction

Expectations are a key driver of economic decisions.! Households’ and firms’ expecta-
tions about future macroeconomic variables are central to their consumption and pricing
decisions (Born et al., 2022; Coibion et al., 2023), thereby influencing aggregate output
and prices. However, survey evidence shows that expectations of different agents dif-
fer widely (Carroll, 2003; Mankiw et al., 2003; Candia et al., 2020). These discrepan-
cies between households and firms are a challenge for theories of expectations and their
macroeconomic effects.

One particular point of difference is the way in which different agents perceive the re-
lationship between output growth and inflation. Figure 1, based on Candia et al. (2020),
plots joint expectations over inflation and output growth for different economic agents
in the United States. Households tend to associate higher expected inflation with lower
expected output growth. In contrast, firms and professional forecasters tend to asso-
ciate higher expected inflation with higher expected growth, although the correlation
for firms is weak.”? The negative association by households is labeled as a supply-side
view (Candia et al., 2020), as supply shocks are expansionary for output and reduce in-
flation, leading to the negative comovement between output and inflation. Similarly, the
positive association by firms and professional forecasters is labeled as a demand-side
view (Candia et al., 2020), as demand shocks are expansionary for output and inflation.

Figure 1: Correlation between expected inflation and expected output
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Notes: Each panel plots the cross-section of forecasts of output growth and inflation after removing time-
fixed effects. I present the resulting correlations in binscatter form for each agent. Table A.2 provides a
summary of the associated regression statistics. Data Sources: Michigan Survey of Consumers, The Liv-
ingston Survey, The Survey of Professional Forecasters.

What drives these contrasting views, and how does belief heterogeneity affect the ag-

” o

"Throughout the paper, I use the words “beliefs,” “expectations,” and “views” as synonyms.

2The cross-sectional patterns are consistently observed across various countries (Candia et al., 2020)
and in randomized controlled trials (Coibion et al., 2021, 2023). Moreover, all these patterns also hold when
controlling for individual-level fixed effects (see Appendix A).



gregate outcomes? Standard macroeconomics models assume full-information rational
expectations (FIRE) cannot address these questions, as they imply that all agents share
the same beliefs, and thus rule out any role for belief heterogeneity. Recent advances in
the theory of expectations that depart from FIRE also struggle to account for the system-
atic heterogeneity observed across agents (e.g., Evans and Honkapohja (2001); Woodford
(2003); Gabaix and Laibson (2017); Bordalo et al. (2018)). In principle, existing expecta-
tion models could potentially explain these contrasting views by imposing different par-
tial information or subjective models for different agents (Han, 2022; Andre et al., 2022).
For example, one might assume that households observe mostly supply shocks, while
tirms observe more demand shocks. However, such assumptions lack a theoretical basis
for why these information differences arise. The contribution of this paper is to allow
agents to endogenously choose their (partial) information sets and to show that they op-
timally acquire information in a way that generates such differing partial information,
leading to the observed heterogeneity in their views. Using this framework, I study the
implications for business-cycle fluctuations, and for policy.

I develop a dynamic general equilibrium model with rationally inattentive firms and
households. The economy is close to a simple New Keynesian model but without ex-
ogenous nominal rigidities, and agents are rationally inattentive. The assumption of ra-
tional inattention generates endogenous and asymmetric attention choices for households
and firms. The endogeneity of attention choices stems from optimizing agents who pay
more attention to the economic shocks that matter most for their objectives. The atten-
tion choices by firms and households are asymmetric as they have different objectives.
With standard utility and profit functions, I show that it is optimal for households to pay
more attention to supply shocks than to demand shocks, as supply shocks (which lead to
negative comovement in output and inflation) most affect their real income and optimal
consumption.3 Firms, on the other hand, optimally allocate more attention to demand
shocks than to supply shocks, as demand shocks (which lead to positive comovement in
output and inflation) have a greater impact on their input costs and pricing decisions.

These asymmetric attention choices are sufficient on their own to explain the con-
trasting views by households and firms in the data, as they would base their expectations
on their respective partial information sets. Since professional forecasters” expectations
do not affect economic outcomes, I do not introduce them explicitly but instead assume
they have full information and their expectations depend on the equilibrium correlation
between output and inflation. The calibrated model can quantitatively match the survey
expectations of households, firms and professional forecasters (see Figure 5).

Furthermore, rich interactions between attention allocations arise in the general equi-

* Although Kamdar (2018) also features rationally inattentive households, the mechanism is different —
Kamdar (2018) explains the negatively correlated posterior beliefs on labor market slackness and price by
households as a direct result of information compression, whereas in this paper, households” supply-side
view arises from the optimal responses of firms and thus the results are robust across different information
structures.



librium model where both agents are rationally inattentive. In particular, attention allo-
cation choices of firms and households are substitutes for demand shocks (households
pay less attention if firms pay more attention), while complements for supply shocks
(households pay less attention if firms pay less). The common thread behind these in-
teractions is the externality that emerges in attention when the objects agents try to track
are endogenous to others’ behavior. These interactions have important implications for
propagation of shocks. For example, the strategic complementarity in the case of supply
shocks can trigger a downward spiral of inattention, dampening the economy’s overall
response to supply shocks.

I use measured survey beliefs to quantify the inattention of households and firms
and study the implications for business cycles. Rational inattention increases the rela-
tive importance of demand shocks in driving business-cycle fluctuations and results in a
weakly positive Phillips curve. Moreover, the Phillips curve slope is endogenous to the
conduct of monetary policy. Specifically, a more hawkish monetary policy reduces firms’
attention, making prices less sensitive to output changes. It also shifts households” atten-
tion from supply shocks to demand shocks, amplifying output gap volatility. Both forces
help explain the documented flattening of the Phillips curve over the past few decades
(see, for example, Coibion and Gorodnichenko (2015), Blanchard (2016), Bullard (2018),
and Hooper et al. (2020)).

The model has broader implications for communication. Policies aimed to stimu-
late the economy by signaling future states or policy may be weakened as rationally
inattentive agents misinterpret such signals. First, standard theory predicts that news
about higher future inflation would increase households’ spending today before the
price increase materializes. However, rationally inattentive households may misinter-
pret the higher inflation as originating from a contractionary supply shock, leading them
to lower output growth expectations and reduce spending. Meanwhile, rationally inat-
tentive firms revise up their output expectations following the same communication,
and may increase prices further — both actions amplify the economic downturn. Second,
central bank may commit to a lower interest rate path during periods of economic slack
to stimulate demand. However, inattentive firms unaware of the slack may misinterpret
the systematic response in interest rate as an expansionary monetary policy shock and
raise prices, which may reduce demand further. These findings highlight that policy-
makers need to carefully craft their communication strategies, taking into consideration

how different agents perceive the information.

“The strategic interactions in information acquisition have been studied in several studies, Ma¢kowiak
and Wiederholt (2009) and Hellwig and Veldkamp (2009), among others, which argue complementarity
(substitutability) in information choices arises from the complementarity (substitutability) in actions. Here
I demonstrate that complementarity (substitutability) can also arise through the value of information in a
general equilibrium model with multiple inattentive agents.



Related Literature. This study contributes to the research agenda that seeks to develop
a data-consistent model of expectation formation. Three closely related studies are Kam-
dar (2018), Bhandari et al. (2024), and Han (2022). Kamdar (2018) and Bhandari et al.
(2024) both look at the same facet of consumer surveys, attributing the observation to
pessimism. Han (2022) explains observed heterogeneity by exogenously assuming dif-
ferent partial information for different agents. In contrast to these paper, I argue that
agents’ partial information is optimally chosen based on their respective objectives, and
show that households’ supply-side view arises from the optimal responses by firms.’

This paper broadly relates to the rational inattention literature following Sims (2003).
The core premise of this literature is that incentives drive attention, implying that agents
pay more attention to certain components or in certain circumstances than others (e.g.,
Mackowiak and Wiederholt (2009); Kohlhas and Walther (2021); Flynn and Sastry (2024)).
Here I show that agents’ attention to particular shocks can be higher than their atten-
tion to others. Another contribution of this paper is that it solves a dynamic general
equilibrium model where both firms and households are rationally inattentive. While
Mackowiak and Wiederholt (2015) also features two-sided rational inattention, this pa-
per extends the analysis by studying further expectation-related moments, which were
not incorporated in previous work.

This paper also connects to a vast literature in macroeconomics on the role of im-
perfect information in business cycle dynamics (Lucas (1972); Woodford (2001); Eusepi
and Preston (2010); Blanchard et al. (2013); Angeletos and La’o (2013); Chahrour and
Ulbricht (2023) among others), and in the effect of policy (for e.g, Amador and Weill
(2010); Paciello (2012); Angeletos and Lian (2018)). The contribution of this paper is to
highlight the macroeconomic consequences when agents endogenously choose different
partial information, and offer new insights on communication when different agents in

the economy have heterogeneous attention choices and views.

Layout. The paper is organized as follows. In Section 2, I provide a closed-form char-
acterization of households’ and firms’ attention choices under rational inattention in the
illustrative model. In Section 3, I study the full dynamic general equilibrium model,
where I calibrate the model and analyze the impact on macroeconomic dynamics. In
Section 4, I discuss the implications for communication. Section 5 concludes.

>This study also differs Kamdar (2018) on the households side in several critical aspects. As mentioned
in footnote 3, Kamdar (2018)’s results rely on information compression, as a result, agents” belief does not
approach the true data-generating process as information costs decrease. In contrast, this model converges
to the full-information equilibrium as information costs approach zero. Moreover, this paper focuses on
the correlation of expectations rather than posterior beliefs, making the results directly relevant to survey
evidence where questions pertain to agents’ expectations rather than their posterior beliefs.



2 Attention Choices in Firms and Households

In this section, I present a simple model with rational inattention to illustrate the asym-
metry in the attention choices of households and firms. The full model is presented and
solved quantitatively in Section 3.

2.1 Environment

Households. There is a continuum of hand-to-mouth households indexed by i € [0, 1].
Household ¢ in each period chooses consumption C;; to maximize its expected utility
and supplies labor L; ; such that the budget constraint binds. Household i’s period util-
ity at time ¢ is

oL
U (Ci,Liy) = R S— 2.1
(CuoLis) = | 725~ 12 1)
1 0—1 o—1
s.t. PtCi,t = WtLi,ta Ci,t = |:/0 Ci,jg,t d]:| (22)

where 3 denotes the time discount factor, C; ;; is household ¢’s demand for variety
J given its price P;; and Cj; is the final consumption good aggregated with a con-
stant elasticity of substitution ¢ > 1 across varieties. W; is the nominal wage, and
P =] fol le{ (e_l)dj]9*1 is the aggregate price index. The parameter v > 1 is the risk
aversion coefficient and the parameter 7 is the inverse of Frisch elasticity of labor sup-
ply.

Firms. There is a continuum of firms producing differentiated goods, each indexed by
€ [0,1]. Each firm j is a monopoly producer of its own variety and faces a demand
curve Y = (Pj/ P)7%;, where V; = fol Y;dj is the aggregate output. Firm j hires

labor L;;, pays wages W; per worker, and produces with a linear technology
Yjr= ALy (2.3)

where A, is the aggregate productivity.

In each period, firm j sets the price P;; for its own product to maximize its expected
profit and produces a sufficient quantity of goods to meet the demand Y;;. The profit
of firm j at time ¢, discounted by the household’s marginal utility of consumption, is

expressed as
1

Io(Pye L Yie) = o |
t

P Yo — (1= 0"YWiLj] (2.4)

where (1 — 6~1)W; denotes the subsidized wage rate, with the subsidy ! paid to elim-
inate steady-state distortions introduced by monopolistic competition.



Central Bank. For analytical tractability, I assume that central bank directly controls
the nominal aggregate demand @ = P;Y;. This assumption allows for a closed-form
characterization of the solution.® I consider a more standard Taylor rule in the quantita-
tive model in Section 3. I further assume that the central bank has full information and

interpret it as the model counterpart of the professional forecasters in the survey.

Shocks. The economy is subject to both demand and supply shocks. I model the de-
mand shock as shocks to the nominal aggregate demand (¢; = log @;), and the supply
shock as shocks to all firms” productivity levels (a; = log A;). The two exogenous pro-
cesses follow Gaussian white noise distributions with variances o2 > 0 and o7 > 0, and

are mutually independent.

2.2 Attention Costs and Information Structure

Costly Attention. In this environment, agents must pay attention in order to be aware
of the economic conditions. While the cost of attention can, in principle, take many
different forms (see e.g., Hébert and Woodford (2018)), I follow Sims (2003) and model
the attention costs as linear in Shannon’s mutual information pZ (X; S*|S*!), where p is
the marginal cost of attention. Specifically, s, € S* denotes the signals at time ¢, and S* is
the set of available signals. The history of signals up to time ¢ is denoted by S* = S =1y,
Mutual information is defined as

Z(X;887Y) = XS —E [h(X]|SY)|S ]

This measures the reduction in entropy of the object X due to information of gained
from signal S* conditional on the history of signals S'~!.

This formulation assumes that the agents do not forget information over time, and
thus the information chosen today can have a continuation value. In the simple model
presented in this section, this condition does not matter as shocks are i.i.d, so the knowl-
edge about the shocks today does not affect future priors. However, in the full model
presented in Section 3, where shock processes are more complex and intertemporal de-
cisions are involved, past information becomes useful for agents.

Information Structure. It is necessary to specify the information structure, i.e., the
available signal set S'. I consider two popular approaches in the literature. One ap-
proach, optimal signal design, explored by Sims (2003) and Mackowiak et al. (2018),
allows agents full flexibility when designing the conditional distribution of their signals

% Assuming that the monetary authority directly controls the nominal aggregate demand is a popular
framework in the rational inattention literature to study the effects of monetary policy on pricing. See for
example Mankiw et al. (2003); Woodford (2003); Ma¢kowiak and Wiederholt (2009); Paciello (2012); Afrouzi
and Yang (2021) among others. This assumption allows us to derive a closed-form solution.



given the state of the economy. An alternative approach, constrained information struc-
ture, restricts agents to acquiring N separate, conditionally independent signals about N
different components in their optimal action. In the current context, I partition the signal
into one subvector that contains only information on nominal aggregate demand shock
¢: and another subvector that contains only information on the productivity shock a;.
The choice of information structure typically depends on the problem at hand. In
this context, optimal signal design is more realistic than restricting agents to separate
signals for different shocks.” However, for analytical tractability and interpretability,
in Section 2.4 and 2.5, I solve the attention problem under a constrained information
structure. In Section 2.5, I compare the predictions of each approach and find that the
choice of information structure does not significantly affect the results. In other sections,
including the quantitative model in Section 3, I adopt optimal signal design to better

capture how households and firms acquire information.

Timing. In the initial period ¢t = 0, households and firms make their ex ante attention
choices, which we can think of determining the form and precision of the associated
signals. In each subsequent period ¢ > 0, shocks (g, a;) realize. The economy proceeds
through three stages: (i) depending on their respective attention choices, households and
firms receive different forms of signals with different precision levels; (ii) based on their
respective signals, households choose their consumption and firms set their prices for
their own varieties. (iii) after their choices are committed, households supply labor to
cover their consumption and firms produce sufficient goods to meet the demand. Finally,

the real wage adjusts to clear the labor market.

Nature deter-
mines ay, q;;

Households: choose

consumption ¢; , Goods, labor
markets clear

Agents receive

noisy signal(s) Firms: set prices pj;

Once the attention choices have been made, the problem is straightforward, so the
key is to understand how agents make their attention choices.

2.3 Attention Problems of Households and Firms

Households.  For tractability, I simplify the households” utility function (2.1) with
quadratic approximations (derivation see Appendix B.1). After the approximation, house-
hold i’s objective (2.1) at time ¢ can be expressed as the utility loss from deviating from
the optimal consumption level ¢}, — the consumption level that households would choose

"The model implied optimal signals aligns with the survey evidence on agents’ attention choices. See
Appendix A .2 for details on households” and firms’ attention choices in the survey.



under full information®

(v +1)

5 (Ci,t — cz"t)2 + terms independent of {c; ; } (2.5)

Here, lowercase letters denote the logs of the corresponding variables. ¢;; is the ac-
tual consumption choice made by household i. When the household deviates from its
optimal choice, the utility loss is proportional to the risk aversion coefficient v and the
inverse of Frisch elasticity of labor supply 7. Households that are more risk averse and
less elastic in labor supply lose more utility by choosing a suboptimal consumption level.

The optimal consumption under full information is obtained by equating the marginal
rate of substitution between consumption and leisure to real wage’

« _ 14m

Cit = G+ (we — pr) (2.6)

The equation states that optimal consumption is a function of real wage. If households
know real wage, they can achieve optimal consumption level. This also implies that
households want to learn about real wages to guide their consumption decisions. This
aligns with survey evidence from the Michigan Survey of Consumers that households
pay more attention to developments related to real labor market than to prices (see Ap-
pendix A.2 for details).

Substituting the optimal consumption from Equation (2.6) into the utility function
(2.5), and adding the attention cost term, household ¢ € [0, 1] attention problem is for-
mally defined as

max [EP
{si,tGSﬁ}

1 2
B b ; ) <Ci¢ - 7:77 (we — pt)) - MhI (at, gt Si,t)] (2.7)

The first term in Equation (2.7) captures the benefits of attention, as ¢; ; gets closer to the
optimal level, which is a function of the real wage. The second term reflects the cost of
attention, measured by the marginal cost of attention p* > 0 times the expected entropy
reduction after observing signal s;; € S}, where S}, is the set of all available signals for

households at time t¢.

Firms. Isimplify the firms’ profit function (2.4) with quadratic approximations (deriva-
tion see Appendix B.2), yields
6—1

5 (pjt — p;t)2 + terms independent of {p;} (2.8)

8The first-order term of this approximation drops out due to the envelope theorem: there are no first-
order costs of deviating from c;j;. Full derivation see B.1.

°The optimal consumption is derived by substituting /; ; using the budget constraint p; + c;,s = w; + ;¢
into the Intra-temporal Euler Equation vc; ¢+ + nli,s = ws — ps.



where lowercase letters denote the logs of the corresponding variables. Equation (2.8)
states that firm j experiences a profit loss from setting a price p;; that deviates from its
optimal price level under full information pj,. Moreover, the magnitude of profit losses
is proportional to firm’s demand elasticity (¢ —1). In other words, firms with more elastic
demand experience larger profit losses when charging a suboptimal price. In this simple

setup, firm’s optimal price under full information is its nominal marginal costs
Pit =W —a (2.9)

This implies that firms seek information on nominal marginal costs to guide their pricing
decisions. This aligns with survey evidence from the Business Inflation Expectation sur-
vey, which reveals that firms have strong incentives to pay attention to unit costs when
setting prices (see Appendix A.2 for details).

Substituting the optimal price using Equation (2.9) into the profit function (2.4), and
adding the attention costs, firm j’s attention problem is formally defined as

&S o1 _ 2_ 0T . 210
o, B 5 i — (we —ar))” — ' T (ar, as; sje) (2.10)

The first term captures the benefit of paying attention, that the firm’s price p; ; gets closer
to the optimal level, i.e., firm j's nominal marginal cost. The second term is the cost
of attention, measured by firm’s marginal cost of attention u/ > 0 times the expected
entropy reduction about the optimal price pj , after observing s;; € S}.

The equilibrium of the model is defined as in Definition 1.

Definition 1 (Equilibrium). Given the processes for the productivity and monetary policy
shocks {qt, at}+>0, a general equilibrium of this economy is an allocation for every household
i€0,1], Q = {si+ € Sit, Ciy, Li,t}fio/ given their initial set of signals; an allocation for every
firm j € [0,1], Q; = {s;s € Sjt, Pjt, Ljt,Yji},o( iven their initial set of signals; a set of
prices { Py, Wy };2, such that

1. Given the processes for { Py, Wi}~ and all firms’ decisions {Q;}; e[0,1)7 €very household
i’s allocation solves the attention problem (2.7);

2. Given the processes for { P;, Wy };=, and all households” allocations {€;} ic[o,1], €very firm
Jj’s allocation solves the attention problem (2.10);

3. The equilibrium processes { P;, Wy };=, are consistent with households” and firms’ alloca-

tion, {$i}ie0,1) and {25} jcjo,1)-

Solving for the equilibrium with two-sided rational inattention is intricate, as their
attention and decisions would depend on endogenous variables as well as each other’s
attention choices. To provide intuition for the attention choices of households and firms,

I simplify the model by first considering the case where only households are subject to

9



rational inattention while firms have full information (Section 2.4). Next, I examine the
case where only firms are rationally inattentive while households have full information
(Section 2.5). Finally, in Section 2.7, I solve the general equilibrium model with two-sided
rational inattention analytically, and explain the rich interactions between the attention
choices of households and firms.

2.4 Households’ Attention Choices

I begin by analyzing the case where households are subject to rational inattention while
firms have full information. In this case, firms set prices at their optimal level according
to Equation (2.9), which implies that the real wage is fully determined by productivity

Wt — Pt = Q¢ (211)

From Equation (2.11), the real wage is not affected by demand shocks ¢, this is due to
tirms” optimizing behavior — following a demand shock, nominal wages rise, firms with
full information increase prices one-to-one to nominal wage, and the real wage is thus
unaffected. This follows the classical dichotomy.

To develop the intuition for households” attention choices, imagine that a measure of
zero of households have no information, while all others have full information. Since
all other households have full information, the optimal consumption remains c;, =
1+n 1+n

P (wy —py) = Sy 0t However, households with no information fail to adjust their

consumption (i.e., ¢;+ = 0), resulting in an expected utility loss proportional to

2 2
o] e (- ) - ()

This indicates that, as long as firms have full information and adjust their prices to fully

track changes in the nominal marginal costs, there is no utility loss for households from
misinformation about demand shocks, even if they pay no attention to those shocks.
The expected utility loss arises solely from misinformation about supply shocks. Fur-
thermore, this loss is higher when (i) optimal consumption is more responsive to pro-
ductivity shock (i.e., high « or n) (ii) shocks are more volatile (i.e., high ¢2). Figure 2a
illustrates this with a contour plot showing the expected utility loss when a; and ¢; are
misperceived. The plot consists of horizontal lines, indicating no loss from not attending
and responding to ¢;.

Under constrained information structure, households can obtain /N separate, condi-
tionally independent signals. In this context, households can obtain one signal about the

nominal aggregate demand shock and another signal about the productivity shock'?,

'“In the households’ attention problem, both the constrained and flexible information structures yield
the same signal form since optimal consumption depends solely on productivity shocks.

10



ie.,
Sit = {Si,qts Siat (2.12)

where

Sigt = qt +€igr and  S;q¢ = a; + €y (2.13)

and {s; q+,q:} and {s; ¢, a:} are independent. The signals follow stationary Gaussian

processes, and all noises are mean-zero and independently distributed across house-
holds.

Upon receiving these signals, consumption c;; = Elcj,|sii] = S5 Elat|siq,] max-

imizes the expected utility for any given posterior belief. For ease of notation, define

Ao = % And further define 02|S as the posterior uncertainty about a;. Substituting

¢i+ and real wage (2.11) into Equation (2.7) yields

v+
{ mggt}Ei [—72” (Mo Elae|siae] — Anaar)® — 1"T (ar, qis siy)
Si,t i
1 2 2 Wy Oa
=5 max —(v+ 1) A Ogps — W' In—5 (2.14)
O—a\sgad Ja|s

Solving this problem characterizes households” attention choices, as summarized in Propo-
sition 1.

Proposition 1. Households optimally allocate more attention towards supply shocks

1. When firms have full information, and households can obtain a signal vector of the form
Sit = {Si.q.t» Si,at}, households only attend to signal about supply shocks

Siat = Gt + €5 a4t

2. Household’s consumption evolves according to
it = Mo Elat]Siat] = Enadna (ar + €iay)

where the attention weight on supply shocks (the Kalman-gain) is

b
€ha=max (0,1 - —H
¢ (Y +m)A7 402

and the attention weight on demand shock is &, 4 = 0.
Proof. See Appendix B.3.

The first part of Proposition 1 shows that households never pay attention to demand
shocks, as such information has no value for them. This is because, as long as firms have

full information and set prices to offset changes in ¢;, optimal consumption is unaffected

11



by the demand shocks — the classical dichotomy holds. Therefore, when attention is
costly, households would not choose to acquire such information. The second part shows
that households pay more attention to supply shocks if (i) the information generates
a higher payoff (reflected as higher )\ ,, 7, or ), and (ii) households are sufficiently
uncertain about it (i.e., higher prior uncertainty 02), and (iii) attention costs are relatively
low (i.e., low p™).

The Proposition 1 shows information on demand shocks ¢: has no value for house-
holds when firms have full information. However, if firms are inattentive, they under-
react due to incomplete information, and prices adjust only gradually to demand shocks.
As a result, demand shocks have a real impact. Then, information about demand shocks
becomes valuable for households — but only secondarily. The intuition is summarized in

Corollary 1, while derivation and solution is presented in Section 2.7.

Corollary 1. When firms are inattentive and price adjustments are sub-optimal, households have
an incentive to pay attention to demand shocks.

2.5 Firms’ Attention Choices

I analyze the case where firms are subject to rational inattention while households have
full information.!! When households have full information, all households equate the
marginal rate of substitution between consumption and labor to real wage, i.e., v¢; +
nli: = w; — py and the budget constraint holds as p; + ¢;; = w; + l; 4, Vi. These implies
that the nominal marginal cost takes the following form

1+n
/]

at (2.15)

Wy — ay = q¢ —

To develop the intuition for firms” attention choices, imagine that a measure of zero

of firms have no information while all other firms have full information. Since all other
147

firms have full information, the optimal price remains p;ft =q — However, firms

without information fail to adjust their prices (i.e., p;; = 0), resulting in expected profit

L+n ? 2 ( 1417 ) 2
S Y _ e + | —
( <Qt ’y+nat>>] 71 \yn) %
(2.16)
As shown in Equation (2.16), misinformation about both shocks results in profit

losses proportional to

By |~ (pie = 950)°] = B

losses. This is illustrated in Figure 2b, where losses arise from misinformation about

a; and ¢;. The magnitude of profit losses due to misinformation about a particular shock

2
a

depends on i) the volatility of each shock (i.e., o7 versus ag), with more volatile shocks

"For tractability, I further assume that no general equilibrium feedback through strategic complemen-
tarity in price setting. However, this feedback effect is included in the quantitative model (see Section 3).
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causing greater losses from misinformation; ii) the responsiveness of optimal price to
each shock. In particular, for relatively high values of risk aversion coefficient v, misin-
formation about demand shocks can result in greater profit losses than misinformation
about supply shocks. Under standard parameter values, misinformation about demand
shocks would incur larger profit losses for firms (see Section 3 for detailed parameteri-

zation).

(a) Households’ Utility Losses (b) Firms’ Profit Losses

1.0 1.0 . ;
0.5} 1 0.5} 1
© 00 < 00 > <
—05 : —05} :
-1.0 -1.0 ' :
~1.0 —0.5 0.0 0.5 1.0 ~1.0 0.5 0.0 0.5 1.0
q q

Figure 2: Losses from Misperceptions of (¢ ,a)

Notes: Figure 2a shows a contour plot of households’ utility losses when g and a are misperceived. It shows
that the losses occur only along a varying a, which is thus the only component for households to pay atten-
tion to. Figure 2b shows a contour plot of firms’ profit losses when unit shocks ¢ and a are misperceived. It
shows that the descent of losses is steeper in the case of demand shocks g, which is thus the more important
component for firms to pay attention to.

Suppose firms can obtain separate, conditionally independent signals about ¢; and

at, as defined in Equation (2.12) and (2.13). For ease of notation, let A\, = 1 and Ay, =
_Lin
0’
Firms’ attention choices are characterized by the following Proposition 2.

Under this notation, the nominal marginal cost is given by w; —a; = A qqi +Af,q0z.

Proposition 2. Firms optimally allocate attention towards both shocks

1. When households have full information, and firms can obtain a signal vector of the form

sjt = (8.4t Sj,a,t), firms attend to both signals
Sjﬂ‘]vt =4ai + ej7Q7t7 and Sj,a,t = Qg + ej7a7t7
2. Firms’ prices evolve according to

Pjt = )\f,qff,CI[Qt + ej,q,t] + /\f,aff,a[at + ej,a,t] (217)
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where the attention weights (Kalman gain) on each signal are given by

f
L
§f,q = max (0, 1- ) , (2.18a)
¢ (0 — l)Afc’qag
i
gf,a = max O, 1-— W . (218b)

Proof. See Appendix B.4.

The first part of Proposition 2 shows that allocation of attention to ¢; and a; is in-
dependent. The second part implies that firms have incentives to pay attention to both
shocks, and they choose to pay more attention to a particular shock, if (i) the shock is
particularly volatile (o or o7 large), (ii) the optimal price is particularly responsive to
that shock (Ay, or A, large). In particular, for relatively high values of v, the attention
weight may be slightly higher for demand shocks, i.e., {¢, £ £f,4, in which cases firms
find it optimal to pay slightly more attention to demand shocks. The intuition is that,
following a positive productivity shock, the optimal price should decrease on impact
as p}ﬁt = w; — a;. This reduction in prices leads to a surge in demand ¢;. For v > 1,
the income effect dominates, and labor supply decreases, which in turn causes wages
to rise. This offsets the initial downward pressure on prices, so pj, is less affected by
productivity shocks when 7 is large.

Comparison to Optimal Signal Design.  Proposition 2 characterizes the solution at-
tention problem under constrained information structure. Alternatively, firms can freely
design their optimal signal. Following the characterizations of optimal signal design
in Mackowiak et al. (2018), the optimal signal is a single signal about their optimal ac-
tion, i.e., the nominal marginal costs. The prior uncertainty about the optimal price is
05 = A} 07 + A} ,05, the solution to the firms’ attention problem is characterized in
Proposition 3 below.

Proposition 3. When households have full information and firms can freely design their optimal
signal, firms will pay more attention to demand shocks. Formally,

1. Firms optimally obtain a single signal about their optimal price p}
Sjt = Phe+ejt = Arade + Aate + ey

where e is the idiosyncratic noise in the signal.

2. The optimal signal for firms skews towards nominal aggregate shocks as |Af 4| > |Af.4

3. Firm’s price evolves according to

it =&f (p;,t + €j.t) =& ApqQ + A paar + €t
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where the Kalman-gain of the firm'’s signal under optimal information structure is

Mf

§f=max | 0,1 —
0—1) (A?’qag + )\;’acﬁ)

Proof: See Appendix B.5.

From the first part of Proposition 3, firms optimally obtain a single signal about their
optimal price p7,. The optimal signal is skewed towards ¢; as optimal price is more
responsive to ¢, i.e., [A\y,| = 1 is greater than |A¢,| = % when v > 1. As a result,
more attention is allocated to nominal aggregate demand shocks. The results relate to
Kohlhas and Walther (2021), that the asymmetry of attention under optimal signal design
depends on the weights Ay, and A, in agents” optimal action through their influences
on pj,. The last part of Proposition 3 shows that firms attention is higher if (i) either
shock is more volatile (high 03 or 02); (ii) the loss from misinformation is high (i.e., high
6 or A¢q0r Ar,); and (iii) the marginal cost of firms ! is relatively low.

The key difference between optimal signal design and the constrained information
structure is evident from Proposition 2 and Corollary 3. With optimal signal design, a
higher attention weight allocated to one shock over another is driven by the optimal
signal being skewed toward that shock. As a result, the volatility of the shocks does
not affect the relative attention, instead, relative attention depends solely on the relative
responsiveness of price to the shock, i.e., Af,/A¢,. In contrast, under the constrained
information structure, higher attention weight is given to a shock either because opti-
mal price is more responsive to that shock or because that shock is particularly volatile.
Therefore, in this case, relative attention depends on both Ay4/Asq and o7 /0.

In summary, attention choices of households and firms differ significantly. House-
holds tend to allocate substantially more attention to supply shocks than to demand
shocks, while firms pay attention to to both shocks, with slightly more attention to de-
mand shocks.

So far, I have solved the attention problem for households assuming firms are fully
informed, and for firms assuming households are fully informed. Before addressing the
case where both households and firms are subject to rational inattention, I first demon-
strate how attention choices result in the supply-side view by households and demand-
side view by firms.

2.6 Implications of Attention Choices on Beliefs

Sections 2.4 and 2.5 show that households optimally allocate most of their attention to
supply shocks, whereas firms pay attention to both shocks, with slightly more atten-
tion toward demand shocks. This section investigates how attention choices shape the
perceived correlation between expected inflation and expected growth.
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Suppose the true data-generating processes are characterized by

Yt = \Ily,th + \I’y,aata (219)
bt = \I/p,th - \Ilp,aat- (220)

Here, ¥s denote the responses of aggregate output y; and aggregate price p; to demand
and supply shocks. The specific values are determined endogenously in equilibrium,
and they depend on the equilibrium attention choices and decisions made by firms and
households. The specific values are not central to the discussion in this section. Nonethe-
less, a positive demand shock is typically expansionary and inflationary (i.e., ¥, , > 0
and ¥, , > 0), while a positive supply shock tends to increase output but decrease prices
(ie., ¥y o >0and ¥,, <0).

Let’s define the expected output growth of agent k as EF(y,+1 — ;) and expected in-
flation as E* (74 1) = E¥(pr1 —pt), where k = {h, f, cb} represents households, firms and
professional forecasters. With these definitions in place, I can derive the unconditional
covariance between expected output growth and expected inflation

Cov (Ek(yt+1 - yt)7Ek(7Tt+1)> = ‘Ify,q‘l’p,qﬁiqag - ‘I’y,a‘l’p,afi,agg (2.21)

Equation (2.21) characterizes agents’ perceived correlation between expected output growth
and expected inflation. Here, & , is the attention weight that agent £ assigns to demand
shocks, while &, , is the attention weight on supply shocks. Both ¢, and &, range
between 0 and 1, where a value of 1 corresponds to the full information case, and 0 indi-
cates that agents receive no information. The covariance is the sum of two components:
the first component is positive, indicating that conditional on demand shocks, the co-
variance is positive; the second component is negative, indicating that conditional on
supply shocks, the covariance is negative. The unconditional covariance is the sum of
these two components.

Full Information Benchmark. If all the agents have full information, then the attention
weights for all agents k on both shocks equal 1. The covariance is thus the same across

all agents, which equals to
Cov (E(yir1 — yt), E(me41)) = ‘I’y,q‘I/p,qgg - \ij,aqlp,aag (2.22)

The covariance (2.22) is the same across all agents, and can be either positive or negative
depending on the parameterization, which contradicts the survey evidence showing that
agents hold different views.

Rational Inattention Framework. In the current model, rationally inattentive house-

holds have little incentive to pay attention to demand shocks, ie., {54 < &nq. As a
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result, the second component in Equation (2.21) dominates, leading to a negative covari-
ance between expected output growth and expected inflation, i.e., a supply-side view.
Firms allocate attention to both shocks, with slightly more attention toward demand
shocks &7, £ 7.4, resulting in a weak positive covariance. Professional forecasters are
assumed to have full information (i.e., £ = &eb,a = 1), thus their view is determined
by Equation (2.22), which depends on the equilibrium output and price responses. For-
mally, the findings are summarized in Proposition 4.

Proposition 4. The asymmetric attention choices are sufficient on their own to explain the con-
trasting views by different agents. In particular

1. Households optimally pay more attention to supply shocks, and thereby form a negative
correlation between output growth and inflation in their expectations;

2. Firms find it optimal to pay attention to both shocks, with slightly more attention toward
demand shocks, and thus form a weak-positive correlation between output growth and in-
flation in their expectations;

3. Professional forecasters have full information and their view reflects the correlation between
output and inflation in equilibrium (Equation 2.22).

Using the simple model, I analytically show that the proposed mechanism can po-
tentially match survey expectations. To quantitatively evaluate the model and determine
the numerical values of the covariance, I extend the simple model into a more plausible
setting and solve it numerically in Section 3.

Moreover, from Proposition 4, the model generates over-identifying restrictions that
I can use for calibrating the marginal cost of attention parameters (uf and /). Impor-
tantly, as the attention parameters change, they affect both (i) the attention weights that
agents put on different shocks (§ , and ¢ 4), which then affect households” and firms’
perceived correlation between expected output and inflation by Equation (2.21) and (ii)
the propagation of shocks into aggregate output and prices (Vy 4, Yy o, Vpg ¥pa), and
thus determines the professional forecasters’ perceived correlation by Equation (2.22).

2.7 Strategic Interactions in Attention Allocation

This section solves for the equilibrium where both households and firms are subject to
rational inattention, and discusses the strategic interactions in attention allocation be-
tween households and firms. As described in Section 2.3, when both agents are subject
to rational inattention, their optimal actions depend on the exogenous shocks, endoge-
nous variables as well as each other’s attention choices (Equation (2.6) and (2.9)). And
the equilibrium is characterized by a fixed-point problem (see Definition 1).

For illustrative purposes, I solve the model separately for demand shock and supply
shock, and discuss the strategic interactions in attention allocation between households

and firms in each case.
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Substitutability in Attention Allocation in Demand Shocks. I begin by guessing
that in equilibrium, the nominal wage is a linear function of the demand shock, i.e.,

wy = Hyy 4q (this guess will be verified). Given this, the rational inattention problem of

firm j (2.10) becomes'?

0—1
Ef _ o _ 2_J7 .
{322)‘5(}} t [ 9 (pjr — (we — ay)) W L (qp, ag; Sj,t):|

1 o2
= -5 jmax [(9 -1) Hi,q”?,qb +uf In 5 ]
TF.als> % T¥.qls

where 0]2( 45 denotes the posterior uncertainty about ¢; by firms. Solving the first order

condition gives

f
W
Pt = Epq (Wi +ejt), £fq = max <0, 1-— )
(0—1)HZ 02

where ¢;; is firm j’s rational inattention error, assumed to be mean-zero and indepen-
dently distributed across firms. Note that firms” attention {; , increases if the equilibrium
nominal wage is very responsive to demand shocks ¢;, as indicated by a higher value of
Hy 4.

As firms have the same prior and attention choices, and their rational inattention
errors are independently distributed, I can aggregate the price decisions p;; over firms,
which gives the aggregate price level

1
p = / piadj = € = &5 g Hu gt (2.23)
0

The attention weight £ , governs how responsive the aggregate price level is to changes
in the nominal wage. In particular, if £y, = 1, all firms are fully attentive, and the
prices move one-to-one with equilibrium nominal wage p; = w, in which case the real
wage is unaffected; if £;, = 0, firms pay no attention and do not respond to ¢;. When
€14 € (0,1), the price level rises less than optimal, that is, firms make “pricing mistakes”
due to incomplete information and set the price too low, i.e., py < wy.'?

Substituting the aggregate price level (2.23) and the guess w; = H,, 4q; into house-

holds” attention problem (2.7) yields the following

('7 + 77) 1+n 2 L
max E|— i — — M, — ~ T (s
{s4,t€8} }e>0 2 g + 77( t = Pt) 'L (q z,t)
. L+ ‘s . 4
Th 15204 (1) [’Y + 77( $1a) w’q} hals T H Gizz,q\s

2The derivation follows the same steps as in Section 2.5.
¥Here, by “pricing mistakes” I mean deviations from the full information perspective. Under rational
inattention, however, these pricing mistakes are optimal.
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The first term in the equation represents the benefit of paying attention, and it decreases
with firms” attention £;,. When firms pay full attention, {;, = 1 and p; = wy, house-
holds receive no benefit from paying attention (this is discussed extensively in Section
2.4). This is because any fluctuation in the nominal wage is exactly offset by an equiv-
alent change in the price level, leaving the real wage and optimal consumption level
unchanged (w¢ — pr = 0, ¢}, = 0). In this case, as attention is costly, households do not
pay attention. However, as firms pay less attention and set the prices below the optimal
level, i.e., p; = £ 4w with £ , < 1, it becomes beneficial for households to pay attention.
The benefit increases as firms make larger “pricing mistakes”. Therefore, in the case of
demand shocks, the attention levels of households and firms are substitutes — if firms
pay less attention to demand shocks, households will pay more attention.
Solving the first order condition in steady state, the consumption choice by house-

hold i is given by

Cit = Ehyg [m (1 —&pq)we+ 6i,t:|
with

uh

2

(v+n) [%(1 - éf,q)Hw,q} 03

where e; ; is the idiosyncratic noise in the signal, which is assumed to be mean-zero and

§hg =max | 0,1 —

independently distributed across households. Note that households have incentives to
pay attention to demand shocks only when firms are sufficiently inattentive, indicated
by sufficiently low & ,. Formally, the attention level of households is inversely related
to the attention level of firms, i.e., 9, ;/0&s 4 < 0, as illustrated in the Figure 3a.

When firms are sufficiently inattentive to nominal aggregate demand shocks, the

shocks can have a real impact. Aggregating over the consumption decisions over house-

holds yields

1
. 1+n
= c;+di = —(1— H
t /0 it Ehyg [7+77( §r.q) Hug| at

So far, I have shown that, given the guess for the nominal wage, I can solve for the
attention and decisions of households and firms. However, the nominal wage is also en-
dogenous to the equilibrium decisions of households and firms, an equilibrium requires
these two processes to be consistent.
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(a) Substitutability in demand shocks (b) Complementarity in supply shocks
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Figure 3: Strategic Interactions in Attention Allocation

Notes: The figure plots the attention levels (Kalman gain) of households and firms. I assume the marginal

cost of attention of households (1") is fixed and vary firms’ marginal cost of attention (7). As the cost of
firms’ information decreases (1 declines), the firms’ attention level increases. Households’ attention varies
with firm’s attention.

Complementarity in attention allocation in productivity shocks. In the case of pro-
ductivity shocks, the optimal price p}, = w; — a; is a function of both endogenous and
exogenous variables.'* While solving for the equilibrium follows the same guess-and-
verify method as before, the intuition in the case of productivity shocks is less straight-
forward. To gain insight into the interaction between households’” and firms” attention,
imagine for a moment that the labor supply is perfectly elastic (n — o0), and thus the
wage does not move much following a productivity shock (w; = 0), and the optimal
price decision simplifies to p;; = —a;. Intuitively, when firms pay full attention, the
price drop is the most significant. This, in turn, suggests that optimal consumption will
experience the most substantial increase, incentivising households to pay more atten-
tion. Thus, in the case of a productivity shock, attention levels of households and firms
are complements.

Generalizing to the case where labor supply is not perfectly elastic, I first guess that
in equilibrium nominal wage is a linear function of the productivity shock, i.e., w; =
H, qa;. Given this guess, the rational inattention problem of firm j (2.10) becomes

1 o2
,max —o 0—1)(Hya— 1)201% as T p! In 5
o >02 ’ ag
alf.als=%a fals

where a]% s denotes the posterior uncertainty about a; of firms. Solving the attention

,a

"This contrasts with the case of demand shocks, where the optimal price is solely a function of endoge-
nous variables, i.e., p} ; = wz.
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problem gives

f
1
it = — j = 0,1—
p],t é.f,a (wt a’t + ej,t) 9 ff,a max ( Y (9 _ 1) (Hw7a o 1)2(3_3)
where e;; is the firm j’s idiosyncratic noise, with zero mean and independently dis-
tributed across firms. Aggregating over j gives

1
Py = / piadj = o (Wi — ap) = E10 (Hua — 1) a (2.24)
0

The aggregate price depends on the equilibrium wage, productivity shock, and firms’
attention choice. Substituting the aggregate price (2.24) and the guess w; = H,, qa; into
household i’s rational inattention problem (2.7) yields

1 147 ? hy. Oa
_ —— (Hyq — Hyq,—1 1 4
o Sy 2 [(7 ) [7 o e = &ra e ))} Thals TH G

h,a|s=

where ai als denotes the posterior uncertainty of households about a;. The solution is
characterized by

1+
Cit = §h,a [’H‘Z (wt - ff,a (wt - at)) + ei,t] )

uh

with &, =max | 0,1 — 5
('7 + 77) [}/iz (Hw,a - gf,a (Hw,a - 1))] Ug

The solution implies that 0¢,,/0¢¢, > 0, meaning that as firms allocate more at-
tention to supply shocks (high &y ,), households tend to allocate more attention as well
(high &, ,), and vice versa. Consequently, in the case of a productivity shock, attention
choices made by households and firms are complements, as illustrated in the right panel
of Figure 3b.

3 Quantitative Model

In this section, I extend the simple model from Section 2 to a dynamic setting. The
objective is to (i) assess whether the proposed mechanism can quantitatively match the
survey evidence (i.e., Figure 1); (i) quantify the consequences of asymmetric attention
by households and firms on business cycles.

3.1 Extended model

In this section, I extend the simple model from Section 2 in three dimensions. First,

I relax the assumption of hand-to-mouth behavior and allow households to engage in
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intertemporal substitution through trading nominal bonds. Second, I allow for strate-
gic complementarities in pricing by assuming segmented labor markets, which matters
quantitatively for the inflation dynamics. Third, I assume the central bank sets the in-
terest rate following a standard Taylor rule, which reflects a more plausible monetary
policy framework.

Households. There is a continuum of households, indexed by i € [0, 1]. Each period,
household i chooses the consumption level C;; and bond holdings B;; based on its in-
formation set S! = {s; ;}7=}. After deciding on consumption and bond holdings, house-
hold i supplies labor L;; at given wage W; such that the budget constraint holds. For-

Ei

(3.1)

mally, the household i’s expected present value of utility is given by
0 1- 1
Z ﬁt Ci,t ! . Lij_n
t=0 1= 147
L e
0

71
st. PCiy+ Biy =WiLiy + Ry 1Biy 1+ Dy + T, Cip= [ Ci dj] (3.2)
0

less the cost of attention. Here B; is the nominal bond holdings at ¢ that yield a nominal
return of R; att + 1, D, is the aggregated profits of firms, and T; is the net lump-sum

transfers (or taxes if negative). Household i takes { P;, R;, W}, Dy, T} } as given.

Firms. There is a continuum of firms producing differentiated goods, indexed by j €
[0,1]. Firm j faces a demand curve given by Y;; = (P;;/P:)~%Y;. Firm j takes the wage
W;: and demand for its goods as given. In each period, firm j sets the price for its
own variety P;;, based on its information, and then hires sufficient labor L;; to pro-
duce to meet its demand according to production function Y;; = A;L;,. Formally, firm
j’s expected present value of profit discounted by households” marginal utility of con-

sumption is given by

i 18 o S Wi (i)
E Z C, Pj Y — (1 -0 )Tt ?t Y: (3.3)
t=0

less the cost of attention. Here A, is the aggregate productivity, with a; = log(A;) follows
a AR(1) process: a; = pgat—1 + 046, wWith e ~ N(0,1). Other variables are defined

similarly as in Section 2.

Central Bank. I assume the central bank has full information — it knows the shocks,
households” and firms” actions, and the equilibrium outcomes. Monetary policy is spec-
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ified as the following standard Taylor rule with interest rate smoothing

&_ Rtfl P Pt O E by
R \UR P \

where R; is the nominal interest rate, R is the steady state nominal rate, ¥; = C; is

1-p
e Tult (34)

aggregate output, Y;" is natural level of output in the economy with no frictions, and
ut ~ N (0,1) is a monetary policy shock. I specify the rule such that a positive u; shock
corresponds to an expansionary monetary policy shock. Denote i; = log(R;), the log-
linearized Taylor rule is

it = pir—1 + (1 — p) (Qrmt + Ppy) — us (3.5)

I interpret the central bank in the model as the counterpart of professional forecasters in
the survey.

Fiscal authority. The government has to finance maturing nominal government bonds
and the wage subsidy, by collecting lump-sum taxes or issuing new bonds. The govern-
ment’s budget constraint is

B R;_1 By_ W, L T,
t_ 151 g tt_|_t

P, I Py Py 2

How the fiscal authority finances its expenditures matters a great deal for the macroeco-
nomic outcomes. Here I consider two assumptions about how the government satisfies
its intertemporal budget constraint: (i) government debt is held constant, and transfers
adjust in every instant; (ii) let government debt absorb the majority of the fiscal imbal-
ance in the short run, and adjust the path of lump-sum tax to satisfy long-run solvency."”
In particular, raises taxes to repay all the interest payments and repay a portion 7 of
existing debts

P T P

T Ry 1Bi1 (Bt—l B)
+ 7
P P

Following common practice in the New Keynesian literature, I restrict the value for 7

such that monetary policy is active and fiscal policy is passive in the sense of Leeper
(1991).

Timing. The timing is specified similarly to Section 2. In the initial period, each house-
hold and firm first chooses their attention allocation (the form and the precision level of
their signals); In each subsequent period, shocks realize. The economy proceeds as fol-
lows: (i) based on household i’s attention choice, they receive a vector of signal s; ; € S}!

at time ¢, and their information set is then the current signal and the history of the past

>For the model solution under the second assumption see Online Appendix.
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signalsup to t — 1, i.e., S! = {s;; U S{™'}; firm j receives a signal based on its attention
choices s;; € S/, and firm j’s information set is the current signal plus the history of
the past signals, i.e., S; = {s;+ U S;‘l} (ii) based on the information set S, household
i chooses consumption and bond holdings; based on firm j’s information set S, firm
J sets it price. (iii) once those decisions are sunk, in the final period, household 7 sup-
plies sufficient labor such that budget constraint binds; firm j hires labor and produces

sufficient goods to meet its demand. And markets clear.

3.2 Households’ Attention Problem

Analogous to Section 2.3, I derive an expression for the expected discounted sum of
utility losses when actions of household i deviate from the optimal actions. Household
chooses real bond holdings, l;i,t, and consumption level, ¢;;, in each period ¢. This is
equivalent to directly choosing the vector z; in Equation (3.7) if the household knows its
own past actions. Formally, household i’s rational inattention problem is (for detailed
derivation see Appendix C.1)

1 o0 _ _
max, Z B'E [2 (i — xzt)/ O (wie — i) — n'z ({*’E;‘k,t—j }jzo ;50415 1) £ 1} (3-6)

Here S!~' denotes the history of signals up to time ¢ — 1. And the choice vector is

wB (bi,t - Bi,t—l)

xiﬂj = N N (37)
—wB (%bi,tfl - bi,t) + (’YMTW + 1) Cijt
and
_ ew )1
oo o |0 -mH)5 0 (3.8)
0 vw“x)/lv/v-i-n
Moreover, z7, is the optimal choice vector for household 7, which is given by
2= (1= B) S, BBy [z] + 2 (1 4+ ww ) 2002, B°1Ey (is — mor1

[ SRSB4 ] (1 owd) ARG - m))

ww (% + 1) 71115 + [%MB (it—l - 7Tt) + wDCZt + wT%t

The lowercase variables denote the log deviations of the corresponding variables. And
variables with a tilde indicate that they are real variables. Moreover, z; = wy (1 + 1/n) @+
%wB (ig—1 — ™) + wpdy + wr. And the (wp,ww,wp,wr) denote the steady-state ratios
of (i WL D L)

CP>CP>CP'CP )"

The first element of the choice vector z;; is the change in bond holdings, and the
second element of x;; is the component of the marginal rate of substitution between
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consumption and leisure. These two elements are directly chosen by household through
their choice of real bond holdings Ei,t and c¢;¢. The formulation of the optimal choice
vector (3.9) implies that: (i) it is optimal to increase bond holdings when income is high
relative to permanent income or when the real return on bond is high; (i) it is optimal
to equate the marginal rate of substitution between consumption and leisure to the real
wage.!® When the household deviates from these optimal choices, the utility loss is
determined by the matrix ©. This matrix is diagonal, because a suboptimal marginal
rate of substitution between consumption and leisure does not affect the optimal change
in bond holdings, and a suboptimal change in bond holdings does not affect the optimal

marginal rate of substitution between consumption and leisure.

3.3 Firms’ Attention Problem

After a log-quadratic approximation, I derive the firm j’s expected profit loss

0
oo, ; B'E [—9;1 (b3 = 230)" = 01T (95 el !s;l] (3.10)

where +n
P;,t =wWjt— G =P+ [yt — p— 'yat:| (3.11)
where a = ((1"1;])) is the pricing complementarity. Equation (3.11) implies it is optimal

for firm j to increase its price if its nominal marginal costs increase, and vice versa.

3.4 Definition of Equilibrium

Given exogenous processes for productivity and monetary policy shocks {a;,u;} and
initial sets of signals for households and firms, a general equilibrium for this economy
Cit, Big, Lt} an
allocation for every firm j € [0,1], Qf = {sj; € S}it,Pjvt,Ljvt,Y}’t}in, a set of prices
{P;, Ry, W;}. Aggregate variables are obtained by aggregating the individual actions,

such that

is an allocation for every household i € [0,1], Q" = {s;;, € S!

A2

1. Given the set of prices and {Qj }jelo,1), the households” allocation solves the prob-
lem in Equation (3.6)

2. Given the set of prices and {Q?}ie[o,l]r the firms’ allocation solves the problem in
Equation (3.10)

3. Central bank sets the nominal interest rate according to the rule in Equation (3.5)

4. Good market clears, labor market clears, and bond market clears

'*In the formulation I replaced the labor supply using the budget constraint.
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3.5 Computing the Equilibrium

I solve a dynamic general equilibrium model in which both agents are rationally inat-
tentive. As defined in Section 3.4, the equilibrium is characterized by a fixed-point prob-
lem. Specifically, given the processes for the optimal actions of households and firms,
(274, p}), I can solve their respective attention problems. In the meanwhile, the pro-
cesses (z},,p;,) are endogenous to the decisions of households and firms. In equilib-
rium, these two processes must be consistent with each other.

I start by guessing the MA representation of the optimal actions (z},,pj,) as func-
tions of the productivity (e;) and monetary policy (u;) shocks. I then approximate the
processes with truncated M A(200) processes.!” I then solve the problem numerically
based on the algorithm for dynamic rational inattention problems (DRIPs) developed in
Afrouzi and Yang (2021). I then solve the implied state-space representations of other
variables in the model, based on which I update the guess for the MA representation
of the optimal actions (z7;,p},), until the model converges. Appendix C.2 provides a
detailed description of the implementation.

3.6 Calibration

Non-Rational Inattention Parameters. The modelis calibrated at a quarterly frequency.
Table 1 summarizes the assigned values for the non-rational-inattention parameters,
which are estimated outside the model, as well as the calibrated values for the marginal

attention costs of households and firms.

Table 1: Parameters Values

Parameter Value Source / Moment Matched

Panel A. Assigned parameters

Time discount factor (/3) 0.99 Quarterly frequency

Elasticity of substitution across firms (6) 10 Firms’ average markup

Risk aversion coefficient (y) 3.5 Households’ risk aversion level

Inverse of Frisch elasticity (n) 2.5 Aruoba et al. (2017)

Taylor rule: smoothing (p) 0.936 Estimates 1985-2017

Taylor rule: response to inflation (¢-) 1.62 Estimates 1985-2017

Taylor rule: response to output gap (¢-) 0.225 Estimates 1985-2017

Persistence of productivity shocks (pa) 0.93 Estimates 1981-2022 based on Fernald (2014)
S.D of productivity shocks (o4 ) 0.86 x 1072  Estimates 1981-2022 based on Fernald (2014)
S.D of monetary shocks (o) 0.41 x 1072  Estimates 1985-2017

Panel B. Calibrated parameters

Attention cost of households (") 0.0106 Slope coefficients in Figure 1

Attention cost of firms (u/) 0.0095 Slope coefficients in Figure 1

7With a length of 200, T can get arbitrarily close to the true M A(co) processes. Increasing the length
does not significantly change the results.
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I assign values for the non-rational inattention parameters following the literature. I
assume the inverse of the Frisch elasticity (1) to be 2.5 and the risk aversion coefficient
() to be 3.5, which are standard values in business cycle models. I set the elasticity of
substitution across firms () to 10, corresponding to a markup of 11 percent.

I estimate the Taylor rule using real-time U.S. data. Specifically, I use the federal
funds rate as a measure of the nominal interest rate, and the Tealbook forecast of infla-
tion and output gap. I employ quarterly data from 1985:1 to 2017:4. The point estimates
suggest a smoothing factor of approximately 0.936, with responses to inflation and the
output gap of 1.62 and 0.225, respectively.'® I then compute the model-consistent mea-
sure of the monetary policy shock u; from the data, rewriting the monetary policy rule
(3.5) as uy = iy — pi—1 — (1 — p)[damt + d2(ye — y}')]. The standard deviation of w; is
estimated to be 0.41 x 1072

To calibrate the parameters of the stochastic process for aggregate productivity, I use
data on total factor productivity (TFP) reported by Fernald (2014), from 1981:1 to 2022:4.
I regress the log of TFP on a constant and a time trend. I then regress the residual on
its own lag. Based on the point estimates from this regression, I set the autocorrelation
of aggregate technology to 0.93 and the standard deviation of the aggregate technology
shock ¢; equal to 0.86 x 1072

Rational Inattention Parameters. = As described in Section 2.6, the model generates
over-identifying restrictions on the attention cost parameters (¢ and /) as these pa-
rameters determine jointly agents” attention choices as well as the equilibrium responses
of output and inflation to shocks, which affect the perceived correlation between output
and inflation of households and firms. It also affects the perceived correlation of pro-
fessional forecasters, which depends on the equilibrium correlation between expected
inflation and expected output growth. Figure 4 plots how the slope coefficient for pro-
fessional forecasters changes with varying attention cost parameters.'’

I calibrate the values for " and i/ to match the slope coefficients for the households,
tirms and professional forecasters in the Figure 1. Holding the non-rational-inattention
parameters constant at the selected values, solving over a grid of values of the atten-
tion costs, I find that ¢ = 0.0106 and /' = 0.0095 could generate data-consistent slope
coefficients. The calibrated attention parameters suggest that households face higher in-
formation frictions than firms, consistent with findings from other survey-based studies
(for e.g., Link et al. (2023)).

!8Because empirical Taylor rule is estimated using annualized rates while the Taylor rule in the model is
expressed in quarterly rates, I rescale the coefficient on the output gap in the model, yielding ¢, = 0.9/4 =
0.225.

The slope coefficient for professional forecasters is obtained by running the same regression as in Fig-
ure 1 using simulated data.
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Figure 4: Slope coefficient for professionals under varying attention cost parameters
Notes: The figure plots the slope coefficient for professional forecasters under varying attention cost pa-
rameters for households and firms. For small values of attention costs the model implies negative slope
coefficients, and for large values of attention costs the model implies positive slope coefficients.

3.7 Results

I simulate the model using the parameter values from Table 1. Table 2 reports the mo-
ments for expected inflation and output growth regressions — including the slope coef-
ficients, their associated p-values, and the R-squared values for all agents. Column 2
reports the data moments. Note that the magnitude of the slope coefficient for house-
holds does not have a meaningful quantitative interpretation; only the sign matters. This
is because in the Michigan Survey of Consumers, households do not provide quantita-
tive forecasts for growth; I assign numerical values to their growth expectations follow-
ing Candia et al. (2020).2 However, the magnitudes of slope coefficients for firms and
professional forecasters are quantitatively meaningful.

I simulate the model 200 times and report the median of the results in Column 3, and
the 90 percent confidence interval in Column 4. For each simulation, the time horizon is
200 quarters, consistent with the survey data. The numbers of households and firms in

the simulation align with the survey sample size.

®In the Michigan Survey of Consumers, respondents are asked about whether they expect business
conditions in the next year to improve, stay the same or deteriorate. Following Candia et al. (2020), I assign
point values to each answer ranging from 1 (improve) to -1 (deteriorate)
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Table 2: Moments in the Model and the Data

Moment Data Model 90% interval
Slope coef. of HHs’ expectations -0.038 -0.047 [-0.056,-0.038]
Slope coef. of Firms’ expectations 0.039  0.004 [-0.001,0.012]
Slope coef. of CB’s expectations 0.109  0.100 [0.072, 0.137]
R-squared value of HH's expectations 0.022 0.045 [0.028, 0.063]
R-squared value of Firms's expectations 0.002  0.001 [0.000, 0.004]
R-squared value of CB’s expectations 0.016  0.181 [0.145, 0.354]
P-value of HH’s expectations 0.000 0.000 [0.000,0.000]
P-value of Firm's expectations 0.428 0.443 [0.164, 0.874]
P-value of CB’s expectations 0.000 0.000 [0.000,0.000]

Notes: The table presents the data moments and model moments under calibration in Table 1. The time
horizon in each simulation is consistent with the survey data (fifty years). The numbers of households and
firms in the simulation align with the survey sample size. I simulate 200 times and report the median of the
results in Column 3 and the 90 percent interval in Column 4.

The model matches the slope of the professional forecasters. In the model, I assume
the central bank (the model counterpart of professional forecasters) has full information.
Consequently, their beliefs are the correct beliefs about the dynamics of future inflation
and output growth.

The model matches the moments for households and firms. First, by emphasizing the
attention mechanism, the model successfully replicates the negative slope seen in house-
holds” expectations as well as the weakly positive slope observed in firms” expectations.
In particular, as households pay more attention to supply shocks, their information sets
contain mostly supply shocks, and they would base their expectation on this partial in-
formation. Firms, on the other hand, pay attention to both shocks, with slightly more
attention to demand shocks. Therefore, their information sets contain more demand
shocks, they then base their expectations on their partial information sets. In accordance
with this dual attention to both shocks by firms, the p-value of the slope coefficient for
firms is not statistically significant, in line with the survey evidence.

By simulating the model, I generate the model counterpart of Figure 1, as illustrated
in Figure 5. These two figures exhibit striking similarities, providing support for the
model’s validity. It's worth noting that the survey data displays a wider dispersion than
the model, potentially stemming from inherent noises in the beliefs of households and
firms. Nevertheless, this specific aspect falls beyond the scope of the current model,
which primarily focuses on the correlation between expected inflation and expected
growth. For comprehensive investigations into belief noises, I recommend referring to
the literature on this topic, for example Juodis and Kucinskas (2023).

29



Figure 5: Simulated expected inflation and expected output
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Notes: The figure plots the simulated expected inflation and expected output growth for households, firms,
and professional forecasters. The parameterization values are from Table 1.

3.8 Quantifying the Consequences of Inattention

Attention choices by households and firms significantly affects the response of aggregate
output and inflation to shocks compared to the full information case.

In the case of supply shocks, the overall response of aggregate output under rational
inattention is lower than the full information benchmark. In particular, firms” inatten-
tion and pricing complementarity dampen the aggregate output response by around 70
percent, households’ inattention dampens it by 24 percent, and the strategic complemen-
tarity between households’ and firms’ attention allocation further dampens the response
by 7 percent (as firms pay less attention, households pay even less attention). Figure
6a plots the response of aggregate output to a positive one standard deviation supply
shock under (i) both households and firms have full information (solid line); (ii) firms
are rationally inattentive while households have full information (dashed line); (iii) both
households and firms are inattentive, but without the interactions between households
and firms (dotted line); (iv) both households and firms are inattentive with interactions
(dash-dot line). It is evident that as households and firms are both rationally inatten-
tive, the strategic complementarity lowers the response of output, because when firms
pay less attention, households also pay less attention and their consumption under-react

even more to supply shocks.
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Figure 6: Real Consequences of Inattention

Notes: This figure plots impulse responses of aggregate output to a one standard deviation supply shock
and a one standard deviation demand shock. Solid black lines are the responses under perfect information,
while dashed gray lines are the responses when households have full information and firms are rationally
inattentive, dotted gray lines are the responses when both households and firms are rationally inattentive
but without the strategic interactions, dash-dot black lines are the responses when both households and
firms are rationally inattentive. For parameter values, see Table 1.

Figure 6b plots the response of aggregate output to a positive one standard deviation
demand shock under the same four scenarios. When firms have full information, de-
mand shocks do not have a real impact on output, this follows the classical dichotomy.
When firms are inattentive, demand shocks have real impacts (dashed line). This implies
firms’ inattention amplifies the real effects of demand shocks, by increasing money non-
neutrality. Introducing inattentive households (without strategic interactions) lowers the
output response by around 43 percent, as households are inattentive and under-react.
Strategic substitutability between households and firms further reduces the output re-
sponse by 24 percent. This is because as households pay less attention, firms pay more
attention, and money is more neutral.

The strategic complementarity and substitutability between households” and firms’
attention levels are more evident in the inflation dynamics. Figure 7a plots the response
of inflation to a positive one standard deviation supply shock under those two scenarios:
(i) only firms are inattentive and households have full information; (ii) both households
and firms are inattentive. Compared to case where households have full information
(dashed line), the inflation response is smaller when households are also inattentive
(dotted line). This is because, when households are inattentive, firms have even less
incentive to pay attention to supply shocks, reflecting the strategic complementarity in
their attention allocation. In contrast, Figure 7a plots the response of inflation to a pos-
itive one standard deviation demand shock, and when households are also inattentive,
the inflation response is stronger than in the case where households have full informa-
tion (dotted versus dashed line). This is because their attention levels are complements
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in the case of demand shocks — when households pay less attention to demand shocks,

firms pay more attention to the shock, leading to a more pronounced price adjustment.
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Figure 7: Responses of Inflation under Rational Inattention

Notes: This figure plots impulse responses of aggregate output to a one standard deviation supply shock
(left panel) and to a one standard deviation demand shock (right panel). Dashed gray lines are the responses
when firms are rationally inattentive firms and households have full information, and dotted gray lines are
the responses when both households and firms are rationally inattentive. Parameterization values see Table
1.

3.9 The Relative Importance of Supply and Demand Shocks

Attention choices by households and firms affect how shocks propagate into aggre-
gate output and prices, thereby affecting the relative importance of supply and demand
shocks in driving business-cycle fluctuations. In this section, I study how the relative
importance of shocks and the slope of the Phillips curve vary with attention choices.

Figure 4 illustrates how the relative importance of supply and demand shocks varies
with the attention levels of households and firms. When marginal costs of attention
for households and firms are relatively low (which implies attention levels are high),
the equilibrium correlation between expected inflation and output growth is negative,
indicating supply shocks are the main driver of the business cycles. This is due to the
fact that supply shocks are more volatile than demand shocks.

As marginal costs of attention increase (which implies lower attention levels), the
equilibrium correlation shifts toward positive values. This implies that inattention in-
creases the relative importance of demand shocks in driving business-cycle fluctuations.
This is because rational inattention by households and firms both amplifies the real ef-
fects of demand shocks — by increasing monetary non-neutrality — and dampens the
response of aggregate output to supply shocks. The dampening effect arises not only
because households and firms individually are inattentive and under-react, but also due

to the complementarity in their attention.
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How does this affect the slope of the Phillips curve? I simulate the model for 20, 000

periods, and estimate the following hybrid Phillips curve®!

e = a+ pEy[m1] + (1 — @)m—1 + Kz + &4

The model predicts the slope of Phillips curve is around 0.004, which might otherwise
be negative under full information benchmark.?” This is in line with the empirical evi-
dence, for example, Del Negro et al. (2020) estimates the slope to range between 0 and
0.01. Moreover, the estimated coefficient of the expected inflation is around 0.68. This is
because the price only gradually adjusts in response to shocks as firms learn about the

economic conditions.

3.10 The Flattening of the Phillips Curve

In Section 3.9, I show households” and firms’ attention choices can affect the relative im-
portance of shocks and the Phillips curve slope. Since households” and firms” attention
choices are endogenous in the model, a change in the rule of monetary policy would im-
ply changes in households” and firms” attention allocations, and, consequently, a change
in the slope of the Phillips curve. In this section, I focus on the pre-Volcker and post-
Volcker monetary policy rules and study whether these changes are consistent with a
flatter Phillips curve in the post-Volcker period within the model.”> And if so, is the
mechanism quantitatively relevant?

I simulate the model for both the pre-Volcker and post-Volcker periods.?* This exer-
cise is similar in the spirit of Mackowiak and Wiederholt (2015) and Afrouzi and Yang
(2021). The model predicts that the slope of the Phillips curve declined from 0.01 in
the pre-Volcker period to 0.0057 in the post-Volcker period, representing a 44 percent
decrease (see Figure 8). This decline is as twice as large as that in the benchmark New
Keynesian model, which predicts a decline from 0.01 to 0.008 — a 20 percent decline.”®

?'Note that this regression is misspecified from this model’s perspective. I use it here to facilitate a fair
comparison with empirical evidence on the Phillips curve slope.

ZUnder full information, with prices being flexible, the output gap is always zero, therefore I run the
regression using output instead of output gap. If introducing price stickiness, for example assume prices
adjust on average every four quarters, the implied slope coefficient is around 0.0093.

B A growing empirical literature documents that the slope of the Phillips curve has flattened during the
last few decades, for example, Coibion and Gorodnichenko (2015); Blanchard (2016); Bullard (2018); Hooper
et al. (2020).

I use the calibration for monetary policy rules in Afrouzi and Yang (2021)’s paper, and re-run the model
under the Section 3’s specification.

BIn Afrouzi and Yang (2021), the authors develop a model with rational inattentive firms and show that
a more hawkish monetary policy induces firms to pay less attention to changes in their input costs, which
leads to a flatter Phillips curve in the post-Volcker period. The main difference is that in this model house-
holds are also rationally inattentive, this is important for the output dynamics. Ma¢kowiak and Wiederholt
(2015) features rational inattention on both sides. But the difference here is that I study the quantitative
relevance of this mechanism.

*For the benchmark New Keynesian model, I assume that prices adjust on average every four quarters.
The calibration of other parameters remains the same.
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Moreover, the model implies that the volatility of inflation falls from 0.017 to 0.015 and
the volatility of output falls from 0.093 to 0.053.

Benchmark New Keynesian models relate the flattening of Phillips curve to changes
in the model’s structural parameters. First, as monetary policy is more aggressive in
inflation stabilization, prices are more stable. Second, with greater price stability, the
nominal interest rate closely mimics the efficient level, and output is closer to its efficient
level, which decreases the output gap volatility. Therefore, these models predict lower
price volatility and lower output gap volatility, with the former contributing to a flatter
Phillips curve.

In a general equilibrium model with rationally inattentive households and firms, I
show that two additional effects arise from endogenous attention, both of which con-
tribute to a flatter Phillips curve. First, as monetary policy places greater emphasis on
price stabilization, firms endogenously choose to pay less attention to changes in their
nominal input costs. Accordingly, prices are less sensitive to economic conditions, and
the Phillips curve is flatter.

Second, as firms pay less attention, households reallocate their attention accordingly.
In the case of productivity shocks, households pay less attention as firms pay less atten-
tion, due to the complementarity in their attention allocations. As a result, consump-
tion (output) responds even less to the productivity shock, which increases deviations
of output from the efficient output level and raises output gap volatility. In the case
of monetary policy shocks, when firms pay less attention to variations in input costs,
monetary policy shocks have a larger real impact, which incentivizes households to pay
more attention to those shocks. This also leads to a more volatile output gap. These two
attention channels are absent from benchmark New Keynesian models (or more gener-
ally, any models with full information or exogenous imperfect information), and both
contribute to the flattening of the Phillips curve.
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Figure 8: The Flattening of the Phillips Curve in the Post-Volcker Period

Notes: This figure plots model implied Phillips curve in the pre-Volcker period and post-Volcker period.
The monetary policy rule is calibrated following Afrouzi and Yang (2021).
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3.11 External Validation

Attention matters for beliefs. The model predicts that households pay more attention
to the real side of the economy, such as the labor market developments, and their atten-
tion choice matters for their perceived relationship between inflation and output growth.
To test this prediction, I utilize additional data from the Michigan Survey of Consumers.
I find that households pay significantly more attention to employment-related develop-
ment, and by running a simple regression, I show households who pay attention to la-
bor market news hold an even stronger supply-side view compared to those who don't.
This confirms the model which suggests that attention choices matter for the agents’
perceived relationship between expected inflation and output growth. Detailed data
construction and empirical specification see Appendix A.3.

The finding still persists when I divide the labor news into positive news and nega-
tive news (see columns 2 and 3 in Table A.1), which would allay any fear that the results
are biased by labor news more likely being negative than positive. These results also
rule out pessimism as the sole explanation for the negative correlation between inflation
and output. Bhandari et al. (2022) finds that increased pessimism generates an upward
bias in unemployment and inflation forecasts, contributing to the negative correlation
between inflation and real activity. However, the results in this paper suggest that atten-
tion choices are a key driver of households’ supply-side view.

Forecast Errors. The model predicts that households pay much less attention to de-
mand shocks. If this is the case, they are more likely to make large forecast errors during
periods dominated by demand shocks. To test this, I use the supply shocks and demand
shocks identified by Eickmeier and Hofmann (2022)?” The forecast error for one-year-
ahead inflation is measured as the absolute difference between the median forecast from
the Michigan Survey of Consumers and the realized inflation for the corresponding pe-
riod. I find that forecast errors during periods dominated by demand shocks are about
1.6 times larger than during periods dominated by supply shocks.

3.12 Additional Results

Information Frictions of Different Agents. The calibrated values for marginal cost of
attention indicate that households face a higher attention cost than firms (i.e., u" > u/),
how this maps to the different magnitudes of information friction by households and
firms? This section compares both the accuracy of inflation nowcast across households

and firms. I choose the root mean squared error (RMSE) as the measure of nowcast

7T use their identified shocks because their empirical analysis adopts the same definition of supply and
demand shocks as in this paper: supply shocks move inflation and output in opposite directions, while
demand shocks move both variables in the same direction. They estimated structural demand and supply
factors for the period 1970Q1-2022Q2.

35



accuracy. The RMSE measures the square root of the average of the squared errors. I
define the RMSE as

T
1 — 2
RMSE, =, | = ; (¢ — Egeme) (3.12)
where 7; is ex post realized inflation and I_Ek’tm is the average expectation of agent type
k € {Households, Firms}. As I assume the central bank has full information, the RMSE
of the central bank is zero (m; = Ef ! ;). Simulating the model, the RMSE of households
is around 1.3 times the RMSE of the firms.

4 Implications for Communication

Rational inattention has several implications for communication. First, ordinary people
are most likely to pay little attention to even simple policy announcements (Sims, 2010),
due to a lack of incentives. Based on the model, I formally show how the misalignment
of interests limits the ‘getting-through’ of the policy announcements in Section 4.1. Sec-
ond, central bank in the model has superior information compared to households and
firms, this raises the question of whether releasing certain information could improve
their expectations. In Section 4.2 and 4.3, I examine two experiments where information

provision could potentially have negative effects on the economy.

4.1 The Veil of Inattention

For communication to be effective, the receiver must also be able and willing to absorb,
process and utilize the information. This section studies central bank communication
where the audience (households and firms) is rationally inattentive and provides a ra-
tionale for why central bank communication fails to reach the general public. To fix

ideas, consider communicating about monetary policy actions to the public, i.e.,
Spt =it + Vg, v ~ N(Oﬂg)

However, whether households and firms have incentives to absorb this information de-
pends on how relevant they believe the signal is for their decisions. Formally, the benefit

of absorbing the central bank signal is proportional to

Yo

E[m:’Ski, Spﬂf} — ]E[x:‘Sk’t] X m X
— —

t
Agp X (Sp — E[Sp|Sk])
—~—
relevance of signal ~ marginal new info from Sp ¢

(4.1)

where A, ., k = {h, f} reflects how relevant the central bank’s signal is to households’

signal-to-noise ratio

or firms’ objective, i.e., how much S, ; matters for households” optimal consumption and

bond holdings, or how much it affects firms” pricing decision. The benefit of the signal
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about 7; is discounted by the term Ay, because the signal is not of direct relevance to
households” and firms” interest. Therefore, if it requires some cognitive costs or effort
to process the central bank information, households and firms may choose not to pay
attention to the signal.”®

Nonetheless, if the content of the communication is more aligned with the audience’s
interests, they will pay more attention to the signal. This analysis relates to (Angeletos
and Sastry, 2021) — that should communications aim at anchoring expectations of the pol-
icy instrument (interest rate path) or of the targeted outcome (aggregate output/price).
This paper focuses on the incentive of rationally inattentive agents to learn about central
bank communication. They will pay more attention to the communication if the con-
tent is of direct relevance to their decisions (in an extreme case the central bank gives
signals on the optimal actions of households and firms). In this sense, communicating
targeted outcomes has a better chance of reaching the public than communicating policy

instruments.

4.2 Communication about Future Inflation

Households and firms, being rationally inattentive, possess only partial information
about the economy. In contrast, the central bank in our model has full information.
This raises the question: could the central bank improve economic outcomes by sharing
certain information with the public?

Here, I consider the impact of releasing information about future inflation to house-
holds in response to a demand shock. As shown in the left panel of Figure 9, following
a demand shock, households raise their inflation expectations, but the increase in ex-
pectations (marked with squares) is smaller than the actual inflation rise (marked with
circles). Suppose the central bank communicates the actual future inflation to house-
holds (i.e., a one-time, perfectly informative signal), this additional information could
help households adjust their inflation expectations more accurately, aligning them closer
to actual inflation outcomes (marked with triangles).

Upon receiving the signal about higher future inflation, households also revise their
output expectations jointly with their inflation expectations. The right panel of Figure
9 shows that households revise their expected output growth downward (from the line
marked with squares to the line marked with triangles), deviating even further from the
full information (marked with circles). This information provision experiment indicates
that communicating information about future inflation can help align expectations for
inflation, but may lead to unintended adjustments in expectations for output growth.

This unintended consequence arises because rationally inattentive households mis-
interpret the higher inflation as originating from a contractionary supply shock. Since

*These cognitive costs explain why households are generally inattentive to policy but when provided
with information in randomized controlled trials (RCTs), adjust their expectations to some extent.
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households” information sets primarily consist of supply shocks, they are inclined to
interpret the inflation increase within this context, attributing it to supply shocks. Con-
sequently, they adjust their growth expectations downward. This is in line with the find-
ings from randomized controlled trials, Coibion et al. (2023) shows that an exogenous
increase in households’ inflation expectations lowers their growth expectations.

As households revise downward their growth expectations, they anticipate a lower
income and reduce spending. This contradicts the predictions under standard full infor-
mation models, that an increase in the inflation expectations would increase households’
spending today before the actual price increase materializes — a key mechanism of for-
ward guidance. This may suggest that communication that is aimed at stimulating the
economy by raising inflation expectations can have unintended consequences.
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Figure 9: Communication of Higher Future Inflation

Notes: The figure plots the impulse responses of expected inflation and expected growth by households in
response to the communication of a higher trajectory of future inflation. Households revise upwards their
inflation expectations following the communication but at the same time revise downwards their growth
expectations.

If the same information were provided to firms, they would raise both their infla-
tion expectations and output growth expectations (see Figure A.3 in Appendix D). This
implies that providing the information to households and firms might align their ex-
pectations on one dimension, it could lead to even greater divergence on another. Such

divergence may result in inefficient fluctuations in the economy.

4.3 Communication about Lower Interest Rate Path

In this section, I compare the impulse response functions to a positive supply shock
under the baseline model and in a scenario where the central bank also provides a one-
time perfectly informative signal on the future interest rate path.

In response to a positive supply shock, since agents are inattentive, the output re-
sponse is lower than the potential level of output, creating a temporary negative output
gap. Central bank would systematically respond to the negative output gap by lower-
ing the interest rates, the response in interest rates is shown in the left panel of Figure

10. Suppose the central bank communicates the lower interest rate path to firms, firms
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might misinterpret the systematical response in the interest rates as an expansionary de-
mand shock, and thus raise their inflation expectations (middle panel) and prices (right
panel). As firms raise prices, aggregate demand falls further, worsening the economic
slack.
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Figure 10: Communication of Lower Interest Rate
Notes: The figure plots the impulse responses of expected inflation and expected growth by firms in re-
sponse to the communication of a lower trajectory of future interest rate. Firms revise their inflation expec-
tations in the wrong direction following the communication and thus the price adjustments are even more
sub-optimal.

In Section 4.2 to 4.3, I consider two cases where central bank releases certain infor-
mation to households and firms. In the first case, I show that under rational inattention,
households might revise downward their growth expectations in response to a signal
about higher future inflation because of their skewed information set. In the second
case, I show that under rational inattention, firms cannot distinguish the systematical re-
sponse from the surprise term in the monetary policy due to a lack of information about
the underlying economic conditions.

5 Conclusions

This paper studies the role of rational inattention in shaping the expectations of house-
holds and firms, and its implications for business cycle fluctuations and monetary policy.

I show that when attention is costly, households optimally pay more attention to sup-
ply shocks as such shocks may cause deflation and increase output, thereby raising their
real income, which significantly influences their consumption and saving decisions. If
households are uninformed about supply shocks and fail to adjust their consumption,
leading to substantial utility losses. Conversely, they are somewhat hedged against de-
mand shocks, as the increased labor income from higher economic activity is partially
offset by higher prices, resulting in a smaller net impact on their real income and con-
sumption. Therefore, households have less incentive to pay attention to those shocks.
Firms, on the other hand, optimally allocate slightly more attention to demand shocks
which increase inflation and labor demand, leading to higher nominal marginal costs

and significantly impacting their pricing decisions. Without information on demand
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shocks, firms may fail to adjust prices accordingly, leading to significant profit losses. In
contrast, they are relatively insulated against supply shocks which cause deflation and
increase labor demand, leading to small variations in nominal marginal costs and a re-
duced need for price adjustments. As a result, being unaware of supply shocks is less
costly for firms.

I highlight that central bank communication may have unintended consequences in
a rationally inattentive environment. I conduct two policy experiments: (i) communicat-
ing higher future inflation. Standard theory predicts that an exogenous rise in expected
inflation would increase households’ spending today before prices rise, a key mechanism
of forward guidance. However, with rational inattention, households are more likely to
interpret the communicated higher inflation as originating from a contractionary pro-
ductivity shock, leading them to lower growth expectations and reduce spending. (ii)
communicating lower future interest rate path during periods of economic slack to stim-
ulate demand. However, inattentive firms that are unaware of the slack may misinterpret
the lower interest rate as a signal of economic expansion and raise prices, which could
further reduce demand. This occurs because firms believe demand shocks are the main
driver of business-cycle fluctuations and thus are more likely to interpret the lower inter-
est rate as stemming from an expansionary demand shock. The main lesson from these
experiments is that the central bank should clearly communicate both the underlying
economic conditions and their consequences for output, rather than focusing solely on
inflation or interest rates.

This paper takes a preliminary step toward understanding the heterogeneous infor-
mation choices among different groups of agents, and their consequences for business
cycles and policy. While this paper compares households and firms, there is significant
variation within these groups, driven by differences in characteristics such as income
levels, education, or firm size. Future research can delve deeper into the heterogeneity
within these groups. Moreover, this paper focuses on how households and firms allo-
cate attention to aggregate economic conditions. However, there are also household- or
firm-level factors that capture their attention. A valuable extension would be to explore
how agents allocate attention between aggregate economic shocks and idiosyncratic,
individual-level factors. Understanding how they allocate attention between these two
dimensions could offer new insights into the decision-making processes of households

and firms and their responses to broader economic policies.
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A Supplementary Evidence on Expectations and Attention Choices

A.1 Individual Level Evidence

The pattern plotted in Figure 1 also hold when controlling for individual-level fixed
effects. I leverage the panel dimension of the surveys. Focusing on respondents that
appear at least three times in the Michigan Survey of Consumers (MSC), I conduct indi-
vidual regressions — mirroring the approach above — for each respondents.”’ The results
explicitly characterize how households’ beliefs about the inflation and output growth ex-
pectations evolve jointly. Of the 4,276 respondents interviewed at least three times, 75.3%
demonstrated a negative slope, implying that when households increase their inflation
forecasts between subsequent interviews, they also predict more adverse economic con-
ditions going forward. The firms pool is relatively stable, with firms being asked be-
tween 1 and 38 times in the survey over time. I focus on the firms that have at least 5
observations and run the regression for each firm. Around 54.3% of the firms show a
positive slope and 45.7% show a negative slope. The Survey of Professional Forecasters
is also panel with relatively longer time span, and I focus on forecasters with at least 10

observations, of which 73.7% have a positive slope.

A.2 Stylized Facts on Attention Choices

More evidence on attention choices can be obtained by looking at surveys of what in-
formation agents have. The Michigan Survey of Consumers asks respondents to report
news related to business conditions that they heard of during the last few months while
making their predictions about inflation and output growth in the next year.’’ Figure
A.1 shows spike plots for news heard that is price-related or employment-related over
time. The news households consistently pay attention to is employment-related, while
news about prices stands out only in particular time periods, indicating a consistent high

level attention to the real side of the economy among households.

PThe survey features a rotating panel sample design. Typically, any given survey sample from the MSC
comprises two-thirds new respondents and one-third being interviewed for the second time. This setup
creates a short panel where each cross-sectional unit appears in the survey more than once.

A detailed description of the question, along with a comprehensive list of categories, is available on
the Michigan Survey of Consumers.
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Figure A.1: Spike Plots of News Heard Categories

Note: These plots show the fraction of survey respondents having heard news in each category in the rele-
vant quarter. Each category further distinguishes between favorable (depicted in light gray) and unfavor-
able news (shown in dark gray).

On the firm side, the Business Inflation Expectations (BIE) survey reveals that firms
have strong incentives to pay attention to nominal marginal costs, and these play a sig-
nificant role in their price-setting strategies. Specifically, from 2011 to 2023, 69% of re-
spondents in the BIE survey indicated that labor costs would affect the prices of their

products and/or services in the upcoming 12 months.

A.3 Attention Choices by Households Shape Their Beliefs

The Michigan Survey shows that consumers overall pay more attention to employment-
related news, but does the degree to which individuals households pay attention to the
different types of news affect how they perceive the relationship between growth and
inflation? To test this, we run the following regression:

Ei[Growth] = Bo+pB1 Ei[Inflation] + v Ei[Inflation] x News%bor + 2 Ei[Inflation] x Newsfgice

price

+ alNewsi‘ftbor +asNews;,  +ap + uie (A1)

Here the labor news N ewsé‘ftb‘” is a binary variable, taking a value of 1 if a respondent

i reports having heard news about labor market conditions recently, and 0 otherwise.
Similarly, the price news variable News] "1 js set to 1 if the respondent i has recently
heard news related to prices, and 0 otherwise. A supply-side view corresponds to a
negative (. If the coefficient of the cross term is negative v; < 0 or 72 < 0, attention to
that news contributes to a supply-side view. Conversely, a positive coefficient y; > 0 or
72 > 0 suggests that paying attention to this news contributes to a more demand-side
view.

Table A.1 reports the results of this regression and finds v; < 0 and significant —
households who pay attention to labor market news hold an even stronger supply-side
view compared to those who don’t. Conversely, attention to price news seems to con-

tribute to a demand-side view 2 > 0, though its impact is relatively weak. The results
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still hold when I divide the labor news into positive news and negative news (see col-
umn 2 and 3 in Table A.1), which would allay any fear that the results are biased by labor
news more likely being negative than positive. These results also rule out pessimism as

the sole explanation for the negative correlation between inflation and output.*!

Table A.1: Perceived Relationship between Inflation and Growth: Households

Growth Forecasts

All Labor news (+) Labor news (-)
Inflation Forecasts —0.0477** —0.047"** —0.047"**
(0.001) (0.001) (0.001)
Inflation Forecasts x Labor news —0.0186*" —0.019" —0.013"
(0.007) (0.010) (0.008)
Inflation Forecasts x Price news 0.006 0.006 0.006
(0.027) (0.027) (0.027)
Labor news —0.091*** 0.150"** —0.237*"*
(0.025) (0.025) (0.022)
Price news 0.061 0.061 0.061
(0.073) (0.073) (0.073)
Intercept 0.019 0.019 0.020
(0.002) (0.002) (0.002)

Note: The table reports the results of regression (Al). Column 1 reports the results for the full sample.
Column 2 and 3 show that the results are robust despite dividing into favorable/unfavorable labor news.

B Proofs for Section 2

B.1 Approximation of household’s utility function

Household i’s per period utility at time ¢ is given by:

) o o
(Cig, Liyg) = -~ 147

As households are hand-to-mouth, labor supply can be substituted using the budget
constraint L;; = (P;C;)/W;. The utility then becomes

1— Pl 1+
Ci ! ( Wi t) !
U(Cit, Lig) = T

Households take wages and prices as given, meaning the only choice variable is con-
sumption Cj;. Expressing the per-period utility function in terms of log-deviations from

*Bhandari et al. (2022) finds that increased pessimism generates upward bias in unemployment and
inflation forecasts, contributing to the negative correlation between inflation and real activity. However, the
results in this paper suggest that pessimism is only part of the explanation behind households’ supply-side
view.
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the non-stochastic steady state yields

_ = e 14+n
_ _ PePtCefirt

. (Ceci’t)l K ( eWeft )

U(Ci,taptawt): 1~ - 1+7

The period utility of household i depends on choice variable ¢; ; and variables that the
household takes as given, namely {w;, p;}. For any given {wy, p; }, the utility maximizing
consumption level is

* ~ ~ *
Ci,t = arg Hclatxu (Ci,t7pt7 U}t) < U1 (Ci,t7pt7 wt) =0
T,

Taking a second-order approximation of the utility function L (¢; ¢, pr, wi) = @ (¢ ¢, pr, wi)—

i(cj,, pt, wy) around the steady state yields
1 ~ 2 * 2 ~ *
L (Ci,t,Pt, wy) = 5”11 (C@t —Cit ) + U12pt (Ci,t - Ci,t)
+ tingwy (cip — ;1) + O (llei, e, th3> (A1)

where @1 ,,n € {1,2,3} denotes the second-order derivatives of the utility function with
respect to ¢, ¢t and pt, and ¢;; and w; around the approximation point. Since ¢},

maximizes the utility function for any p; and wy,
1 (s peywe) = 0 = Aa1c), + tagpy + daswe + O (|[pe, wel*) =0
Combining this with Equation (A1) I obtain

{0 (Ci,taptv 'I,Ut) =L (Ci,t7pt7wt) + U (Cztaptawt)

1
= —{1; (ci,t — 6:715)2 + O (ch‘,t,Pu th3) + terms independent of ¢; ;

2
Given the specific utility function, @;; = — (v + 1) in the steady state. Moreover,
1479
¢, =—(w; —
it N+ ( t pt)

Hence, the household i’s objective (2.1) is approximated by

(v +n) (Ci,t — cZ"t)2 + terms independent of {¢; ; }+>0

2
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B.2 Approximation of firm’s profit function

First, substituting the production function and demand function into firm j’s per-period
profit function

1
PCy

P\ ! P\ !
P () mea-en () v

II (P, Wi, X3) = —
( 75t ty t) Pt At Pt

The per-period profit function can be rewritten in terms of log-deviations from the non-

stochastic steady state
# (pjuwt; ar, mt) _ Cfetite—e(]?jz—pt)—pt [epjt _ (1 _ 9—1) ewt—at]

where the small letters denote the log-deviations of the corresponding variable. For any

given {wtvptv Yt, at}/

Pj = argn;axfr (pjts Pts Wty Yt, at) < T1 (Pjt, Pty Wi, Yty at) =0
m

Define function L (pj¢, pe, we, ye, ar) = 7 (pje, pr, we, Ye, ar) — (p}ft,pt, we, Yt, at), and take
a second-order approximation around the steady state

1. 9 R .
L (pjt, pt, wt, ye, ar) = 5 <p§t — Dji ) + 712Dt (Pjt —p;ft) + T13wy (pjt - P;t)
+ T1aye (pje — Pje) + T1sas (pje — P5e) + O ([pje, pe, we, e, ai]®) (A2)
where p1,,n € {1,2,3,4,5} denotes the second-order derivatives of the profit function

with respect to pj;, pj: and py, pjr and wy, pjr and vy, and pj; and a; around the ap-
proximation point. Note also that since pj, maximizes the profit function for any given

{wtaptv Yt, at}/
T (Ple> Do we, Yo, ar) = 0 = F1uply + Fape + F13wy + T13ye + F13a + O (Ilpe, we, ag, ye]|*) = 0
Combining this with Equation (A2) I obtain

ﬁ- (pjtapt7wt7 yt7at) == L (pjtvptawtvyh at) + 7AT (p;taphwta yt7at)

1, 2 .
=5 (pjt — pje)” + O (Ilpje e, we, yi, at||*) + terms independent of pj,

Given the particular profit function, 711 = — (6 — 1) in the steady state. And the optimal
price

*
Djip = Wt — Qg
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Hence, the firm j’s objective (2.4) is approximated by

0—-1

Z BRI [_2 (Pjt - p;ft)Q + terms independent of {p;; }+>0
t=0

B.3 Proof of Proposition 1

Upon reception of a signal s; .+ = a; + €4, the consumption ¢;; = A, o E[a¢|s;,q,¢] max-
imizes the expected utility (2.14) for any given posterior belief. Bayesian updating with

Gaussian prior uncertainty and signals delivers

E [a¢|sia,t] = Enalar + €ia,)

where §, , = (1 _GZ|5 Ja?) € [0,1], and &, , is the Kalman-gain on the signal. Now rewrite
the problem (2.14) in terms of choice variable &, ,,

1
ma —(v+n)N\ (1-— 2 _ yhn
o max [ (Y + 1) Ao (1= Eha) g — 1 T

Solving the first order condition, the solution is

uh
o= max (01— —t
Shia = M (v +mA; 02

B.4 Proof of Proposition 2

By the independence assumption, I can solve the firms attention choices for aggregate
demand shock and the productivity shock separately.

In the case of demand shocks, the signals take the form s;,; = q; + ;4. To derive
firms’ attention choices, it is instructive to first express the firms’ ex ante expected utility
as a function of their attention choices. Note that firm j’s prior uncertainty about ¢; is
simply o7, and denote firm j’s the posterior uncertainty as o4, = var(g:|sjq.). The firm

Jj’s attention problem is then

0—1 . . N2
max E{ [_ (E[pj,t|3j,q,t} - pj,t) 'z (a3 sj,q,t)}

{84.0,0€5%} 2

! o1 02— 2L A

=5 pmax —(6-1) Faqs; — M 0~ (A3)
als; =% als;

For every realization of the signal at time ¢, the firm will set price p;j+ = E[p;[s; ).
Hence, the expected profit depends on the expected square deviation of E[p; ,[s; 4] from
pj » which reduces to the conditional variance in (A3).
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Upon reception of a signal s;q: = gt + €j 41, the price p;; = E[pj],[sj ] maximizes
the expected profit for any given posterior belief. Bayesian updating with Gaussian prior

uncertainty and signals delivers

E (9} ilsja.t] = Erar.alde + €ja]

where {7, = (1— Ug‘sj /o2) € [0,1] is the attention weight on the signal. I can now rewrite
the problem (A3) in terms of choice variable &; ,

1
max |—(0—1))\2 (1— o2 — /' In ]
gf,qe[o,u[ (0= 1% (1= &r0) o3~ /I =

Solving gives the expression in Equation (2.18a)

Mf
Spa=max{ 0.1 =gy

fa7 4

By the same procedure, I can solve the attention problem for supply shocks a;.

In the case of productivity shocks, the firm’s attention problem is

2
max | — 0-1) )‘?“,a(fasj —u/In Za
O-a\s,- <oy U(L|S'

J J

2

147 2
Ayt %a

shock and UZ|5- denotes the posterior variance.
J

where A\, = is the prior variance of firm j’s belief about the productivity

Upon reception of a signal s;,t = at + €j,q,t, the price p;+ = E[p],|s; ] maximizes
the expected profit for any given posterior belief. Bayesian updating with Gaussian prior
uncertainty and signals delivers

E [p}lsjat] = Erarpalar + €jail

where&r, = (1 —02|8j /o2) € [0,1], and Ay 45, reflects the attention weight on the signal.

I can now rewrite the firms’ attention problem in terms of choice variable &; ,

1
max |[—(0—1DA2, (1 —Erq)02—pf In ]
(0= 1), (1= €70) 0%~ I o

Solving gives the expression in Equation (2.18b)

o1
Sro=max | 01— GyNe o

f?a a

Combining the results together gives the Proposition 2.
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B.5 Proof of Corollary 3

Under the optimal signal design, firms optimally choose to receive a single signal of the
optimal price, i.e., sj = pj, + €j1 = Afqq + Afaar + €j Where e;; is the attention error.
Upon receiving this signal, the price p;; = E[p],|s;:] maximizes the expected profit for
any given posterior belief. Therefore, the objective can be expressed as

0—1 N .\ 2
max Ef [ 5 (E[Pj,t|5j,t] _pj,t) - /J'fI(Qtaat; 5j,t):|

{s4, fES }
1 o
- - _ f _pr
oo ()
pls— pls
where o2 )\ a + )\2 2 denotes the prior uncertainty about p;,and o? »|s denotes the

posterior uncertamty. Solve the model, the firm sets a price according to

pie = &5 (050 +€t) = & M@ + Apaae + €jt) (A4)
with

_ d
§f = max <O,1 — (9_1)%2))

From Equation (A4), the weights on the demand shock (¢;) and the supply shock (a;) are
ErApqand Ep Ay, respectively.

C Proofs for quantitative model

C.1 Approximation of Households’ Utility

First, using the flow budget constraint (3.2) to substitute for labor in the utility function
and expressing all variables in terms of log-deviations from the non-stochastic steady

state yields the following expression for the period utility of household 7 in period ¢:

_ POePtHeit 4 Bebist _RBe't—1+bit—1_Pedt _Tere |11
u = 26(1_7)01}1& _ Wewt
1—x 147

here, the lowercase letters denote the log-deviations of the corresponding variables. c;;
is the consumption by household i, b; ; denotes the real bond holdings by household i,
dy is the real dividend, and 7 is the real transfer (tax if negative). Moreover, define wpg,

ww, wp and wr as the steady state ratios

%
bﬂ

B
=

D
2 55

%}\ S
N———

(W, ww,wp,wr) = <

Q |
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In period ¢, household i chooses v; = (b; ¢, ¢ +)’, the choices made in previous period rep-
resented by v;_1 = (Bi,t,l, 0)'. Households take other variables as given ¢, = [Jt, Gt—1, Wi, Tty T

A log-quadratic approximation to the expected discounted sum of period utility
around the non-stochastic steady state yields

o
1 * * * *
ZﬁtE? [2 (vr — vy )/ Op (vt — ;) + (v — v) O1 (Ut+1 - Ut+1) (A1)
t=0
where
a1 B el den i | b s
Qy=-C; 7| w . O =0 |ew ww
ow B (v+Z) 0 0

The sequence of optimal bond holdings under full information is given by

1- 7 * 1 T* 7% *
wB (5%1 - b;t) + ¢y = E {WB <Bbi,t - i,t+1> + Ci,t+1] (A2)

and the optimality choice for consumption

1-, = w N 1 N 1 . ~ N
—wpg <bi7t_1 — bi7t> + ('y:;v + 1> Cit = wWw ( + 1> W+ [5@9 (i4—1 — ) + wpdy + OJTTt:|

s U
(A3)
Together with the log-linearised budget constraint

) 1 ) ) o
Cip = ww (W + Ui, ¢) + BWB (tt—1 — ) + wp <l8bi,t—1 - bi,t) +wpdy +wpTy (A4)

Under full information, combine the optimality choice for consumption (A3) with
the optimal bond holdings (A2), I get the usual inter-temporal Euler equation

Cip = By |:Cz',t+1 5 (it — 7Ft+1)}

Combine the budget constraint (A4) with the optimality condition for consumption choice
(A3) gives the usual intro-temporal Euler equation

Wy = yei, + 1l (A5)

To solve for the optimal bond holdings under full information, I do the transforma-
tion following Mackowiak and Wiederholt (2023). First, using Equation (A5) to substi-
tute for /; ; in the budget constraint (A4) and rearranging yields the equation

1\ 1/ _ - ] )
(1 + wwz> Cip = ww <1 + 77> Wy +wp <5 (bzt,l +ipq — wt) - b;t> + wpd + wpTe
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Sum from ¢ = 0 to infinity and discount by 3

t+N t+N
<1+WW;;>Z e, = o g, Y e (49
s=t

Here z; = wwy (1 + %) Wy + wB (t—1 — ™) + wat + wpTy.
Taking the expectation on both sides of Equation (A6), and as N — oo, I get

<1 n WWZ) > BB [cf] = waghie + 3 8B [ (A7)

s=t s=t

Next, using the Euler Equation and the law of iterated expectations yields

;58_tEt [C}k,s] = mcft 775 E;r By (151 — 7s) (A8)

Combining the Equation (A8) with the budget constraint (A4) yields

tHN
wpbi; = wpbi; 1+ 2 — (1 - ) Z B E [25] + <1 +ww— > Z By (re—1 — )
s=t s=t+1
(A9)

Note that the off-diagonal element of ©¢ in Equation (A1) is non-zero, implying
that a suboptimal bond holdings b}, will affect the optimal consumption choice ¢}, and
vice versa. Moreover, the second term in Equation (A1) indicates that a suboptimal
bond holding today will affect tomorrow’s bond holding decisions. This intra-and inter-
relationships complicate the problem. Therefore, similar to Ma¢kowiak and Wiederholt
(2023), I do the following transformation such that I could express Equation (A1) as®?

> 0'B! |5 o0 =) 0 e~ ) + (11— 01) €1 (s = )

t=0
> 1

=> BEi [2 (234 — 27,) © (ziy — x;‘t)] (A10)
t=0

where instead of choosing directly v; = (5i7t, ¢it)', T assume the household i chooses

the a transformation of v;:

wWB (5” - Bi,tq)

—WwB <%Bz’,t—1 - Bz’,t) + (’VWTW + 1) Cit

Tit =

)

And the O is diagonal, i.e., the suboptimal choice of the first element in z; ; will not

*The proof for this is quite detailed and extensive, so for brevity, it hasn’t been included in this appendix.
However, I can provide it upon request.
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affect the optimal choice of the second element in z; ¢
- ——1 |1 0
o——c| " [ (1+”W3)] ’
0 1

And the optimal choice of z}, under full information is

2z — (1= B) Y22, BE, [25) + % (1 + ww%) Do B R (i — o)

ww (% —+ 1) Wy + [%WB (Z'tfl - 7rt) + wDJt + WT%t]

Tiy =

C.2 Solution algorithm under rational inattention

In this economy, firms want to track their optimal price p;, given by Equation (3.11),
while households want to track their optimal z7, given by Equation (3.9). It is evident
from Equation (3.11) and (3.9) that the optimal actions are determined in the equilibrium.
However, as these are Gaussian processes and by Wold’s theorem, these processes can
be decomposed into its M A(co) representation, in particular,

Pt = Pa(L)ef + @u(L)ef

vy = Vo (L)ef + Wy (L)}

where ©,(.), ®,(.), I'4(.) and T',(.) are lag polynomials. However, to bypass the issue
of unit root, follow Afrouzi and Yang (2021), I define & = (1 — L)~ lel = Y22 et ,. 1
re-write the state-space representation as

Pt = Pa(L)ef + du(L)E/

iy = Va(L)ef + Yu(L)E}

where ¢, (L) = (1 - L)®,(L) and ¢, (L) = (1 — L)¥, (L) are in I3, and thus the processes
can now be approximated arbitrarily precisely with truncation.
The equilibrium should be determined uniquely by the history of monetary shocks

and productivity shocks. Define v; = (ef,¢') and & = (¢f, &), and let g = (vi, v4—1,. . ., V4 (141))

and g = (U4, V-1, - -, Vy—(141)), With G; = (I — AM') g, where I is an identity matrix, A
is a diagonal matrix with Aoy o) = 1 and A(g_y op—1) = O forallk =1,2,..., L, and M

is a shift matrix. Note that the exogenous processes can be represented by

a = H'X;, H,=(1,0,p4,0,02,0,...,p571,0)
e =H'R,, H' =(0,1,0,0,0,0,...,0,0)
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The optimal price can be represented by p’, ~ H ]’) (n) g:, the optimal action for households
can be represented by z}, ~ H (n)&t, and the objective is to iterate and to find the H . (n)
and H, (n)" In particular, given the guess H(,, (,—1)) and H(, ,—1)), the optimal actions

are
! ! —

Pie=Himonds 2= Higy o8 350 = Higo (1))

Here 27 ,;, and z7;, denote the first and second element in the optimal action x7,. If
the government debt are held constant, then it is optimal to pay no attention towards
7 ; ; as the interest rate is determined such that there will be no change in the total bond
holdings, and 27, , = 0 for any shocks. However, if the government debt can absorb
some of the fiscal imbalances, then households will pay attention to z7 ; ;. For simplicity,
the derivation here considers the case where the bond is held constant.

Aggregating over firms and households, I get the aggregate price level and aggregate
change in bond holdings and aggregate consumption. For example,

1 1 N k k| =

pr = /0 piedj = H. ) /0 Ej. (@] dj ~ H () [Z [(J_K(n)y(fn )) A} Y ] g
k=0

= Hzla,(n—l)X(n)Qt = H, g

By same procedure, I get

1
ot = /0 2,idi ~ Hiyy (1)) Z(m) 8 = H{yn) &
Follow directly, I get an expression for inflation, and total consumption.

7Tt:H,

T

g = [H,(I - AMNTHI = M"))] G,

. 1
Ct == Hégt = 70.) ;2
(v 1)

By the production function y; = a; + [; and goods market clears, the aggregate labor

(I —AM")"g,

demand is I; = H[G; = (H. — H,)'G:. And the interest rate is determined by the Taylor
rule 3.5

. " 1+ 1L
io= g = (= p) (oot o, (1= 200 ) ) 4 1) (1= )
I then solve for the implied representation for other variables in the model.

ﬂ 1 - ﬂ
wn = HLGi = - (—7 (1 + wwjl) (H] — HM)(I = M)~ = (H] - wwH;)) g

R 1 1 R
dy = High — —— (H; _ = Y+ H{>) 7
wp 0
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1 1 1
= g = - (G (HM — D)~ Jow B+ 1) ) 6
wT 5 9

Given these variables, I use Equation (3.11) and Equation (3.9) to update my guess
for the MA processes of H), ,,) and H 5 ()

Hy, ) = ((HL, + H)(I — AM") ™' — H)(I — AM'))'

1 1
Hyo (n)y = ((BwB(HZ(M’ — H.) +wpH), + wTH;> +ww (1 + H)H:”> (I- AM’)—l)’
[ repeat above procedures until convergence of both Hy, (,,) and Hys (y,)-
D Appendix Figure and Tables

Table A.2: Perceived Relationship between Inflation and Growth

Growth Forecasts

Households Firms Professional
Full Sample  Great Moderation forecasters
Inflation Forecasts —0.038™** —0.034™*" 0.039 0.109***
(0.001) (0.001) (0.020)  (0.023)
Observations 232,848 143,680 337 2,886
R? 0.022 0.017 0.002 0.016

Note: The table provides statistics for the Figure 1. In the Michigan Survey of Consumers, respondents are
not asked to provide a quantitative forecast for output growth, they are asked about whether they expect
business conditions in the next year to improve, stay the same or deteriorate. Following Candia et al. (2020),
I assign point values to each answer ranging from 1 (improve) to -1 (deteriorate).

Figure A.2: Correlation between expected inflation and expected unemployment change

Households Firms Professional forecasters
slope: 0.03 (0.00) slope: -0.04 (0.02) slope: -0.14 (0.02)
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Notes: Each panel plots a bin-scatter for the joint distribution of expectations for change in unemployment
rate and inflation in the next year across different economic agents in the United States. For each variable, I
take out the time fixed effect so that all variables are mean zero.

Data Sources: Michigan Survey of Consumers; The Livingston Survey; The Survey of Professional Forecast-
ers.
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Figure A.3: Communication of Higher Future Inflation to Firms

Notes: The figure plots the impulse responses of expected inflation and expected growth by firms in
response to the communication of a higher trajectory of future inflation. Firms revise upwards their

inflation expectations following the communication but at the same time revise upwards their growth
expectations.
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