Rational Inattention, Financial Heterogeneity and

Effectiveness of Monetary Policy”

Zijian Wang'

May 17, 2022

Abstract

How do financial constraints affect firms” information acquisition and, thus,
the effectiveness of monetary policy? This paper addresses these questions in a
rational inattention model with heterogeneous firms. Due to strategic complemen-
tarity in pricing, firms with binding financial constraints pay more attention to
aggregate monetary shock than unconstrained ones. Heterogeneity in attention
allocation implies heterogeneity in price responsiveness. Consequently, monetary
policy becomes less powerful in stimulating real effects during recessions as finan-
cial friction increases. Theoretical results about firms” heterogeneous attention to
macroeconomic conditions and the state-dependent effectiveness of monetary pol-
icy are supported by the empirical evidence provided in this paper and the existing
literature.
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1 Introduction

Firms collect and analyze information about various uncertainties to guide their deci-
sions, among which activeness and willingness can be significantly affected by firms’
characteristics. The rapidly growing literature on rational inattention demonstrates
how one can address empirical puzzles by assuming that agents cannot attend to all
available information due to cognitive limitations. Most of those models, however,
assume firms with homogeneous characteristics, for example, the same financial con-
ditions. The prominent literature on financial frictions has been showing how financial
constraints might affect firms’ behaviour, and hence the business fluctuations. For ex-
ample, Bernanke et al. (1999) show that firms’ access to the credit market can amplify
and propagate shocks to the macroeconomy. Nonetheless, the feature of financial con-
straints in shaping firms” information acquisition behaviour remains an open question.
This paper shows that a model embedding financial friction within the rational inat-
tention framework can generate divergence both in firms’” attentiveness and respon-
siveness to macroeconomic conditions, which could be supported both by the empiri-
cal evidence provided in the paper and the existing literature. Additionally, this model
provides rich implications regarding the state-dependent effectiveness of the monetary
policy, which a rational inattention model with representative firm can barely deliver.

In this paper, I study a stochastic dynamic general equilibrium model that builds
on the seminal rational inattention framework in Mackowiak and Wiederholt (2009),
where firms are facing aggregate monetary shock and idiosyncratic productivity shock.
Further, I introduce a new element: financial constraint, which affects firms” borrow-
ing capacity and hence their pricing behaviours. Firms with relatively low produc-
tivity face ex-ante binding constraints that limit the amount of capital they can rent,
while other unconstrained firms can freely adjust their capital input.! The roadmap
of theoretical analysis is divided into two parts. One is a simple general equilibrium
model with a simplified information set, which produces analytical results. The other
is a calibrated full dynamic model, which provides a quantitative analysis about the
effectiveness of monetary policy. The main results from the simple model are: finan-
cially constrained firms strategically choose to learn more about aggregate monetary
shock compared to unconstrained firms. Additionally, due to strategic complementar-
ity, this stronger incentive of constrained firms tends to increase while unconstrained
tirms shift their attention more towards aggregate monetary shock. By using small
firms as a proxy for constrained firms, the theoretical results coincide with Coibion,

!Under this assumption, constrained firms are relatively small firms in terms of revenue and em-
ployment.



Gorodnichenko, and Kumar (2018), which demonstrate that larger firms tend to make
systemically larger absolute errors when asked to recall a realized inflation level.

The mechanism that drives the main results is firms’ pricing sensitivity to different
shocks. With a constant return to scale production function, unconstrained firms’ pric-
ing decisions are independent of the aggregate price once they are conditional on nom-
inal aggregate demand, i.e. no strategic complementarity. Nonetheless, as constrained
firms cannot achieve an optimal input combination, labour becomes the only input
they can adjust to produce a committed amount of goods. The real rigidity generated
by financial constraint implies a decreasing return to scale production function for con-
strained firms. Therefore, their marginal cost will be varying with their specific good
production, even conditional on nominal aggregate demand, and hence their pricing
decisions become strategic complement, i.e. their firm-specific prices are positively af-
fected by the aggregate price.” This effect delivers a stronger incentive for constrained
tirms to shift their attention towards monetary policy shock in order to monitor aggre-
gate demand. However, since this incentive stems from complementarity, constrained
firms will not pay more attention to aggregate conditions unless unconstrained firms
start to do so when the uncertainty of aggregate shock is relatively low.>* This feature
is also consistent with what Hellwig and Veldkamp (2009) describe as “knowing what
others know” since constrained firms will pay no attention to aggregate conditions if
unconstrained firms remain careless about it. Concerning actual price responsiveness,
constrained firms pay more attention to monetary policy shocks, which fully offsets
their sluggish response due to real rigidity, additionally, unconstrained firms” profit-
maximizing prices depend on the capital rental rate, which is affected by previously
realized shocks. The combined effect of these forces is that, after a monetary policy
shock occurs, unconstrained firms’ prices are less responsive than those of constrained
firms. Therefore, monetary non-neutrality generally decreases with the fraction of con-

strained firms in the econorny.5

2This result is similar to the setting proposed by Woodford (2001) and Paciello (2012); however,
this paper contributes by using financial constraint to rationalize the strategic complementary price of
constrained firms.

3As in this paper, monetary policy shock is the only aggregate shock, I will use “aggregate shock’
and ‘monetary policy shock’ interchangeably.

*Mackowiak and Wiederholt (2009) also discuss this strategic complementarity. However, as firms
in their model are homogeneous, strategic complementarity disappears once the equilibrium price re-
sponse is derived and plugged into firms’ individual pricing decisions.

>Nonetheless, once the economy enters into a particularly volatile situation when aggregate uncer-
tainty is sufficiently high, and constrained firms have allocated all their attention to analyzing Macroe-
conomic uncertainties, their price response to aggregate shock will be lower than unconstrained firms
in the short run. The reason is that constrained firms do not have enough attention to offset the slow
responsiveness caused by financial friction.



A prominent feature of this model is its capability to match empirical findings in
both firms” attention allocation behaviour and firms’ price responsiveness to mone-
tary policy shock. Regarding attentiveness heterogeneity, I use firm size as a proxy
for firms’ financial condition, i.e. smaller firms are more likely to be financially con-
strained.® To support the validity of this proxy, I take qualitative microdata from the
German manufacturing subset of the IFO Business Expectation Panel and verify the
strong correlation between firm size and financial condition. Using survey data col-
lected by Coibion et al. (2018), I can test the theoretical prediction that smaller firms
make systemically smaller errors when asked to recall the previous aggregate variables
like unemployment rate and the output gap.” These results are in line with Coibion
et al. (2018): smaller firms pay relatively more attention to the inflation level. One can
link these empirical facts to the well-known relationship documented in the Phillips
curve and Okuns Law. Concerning price responsiveness heterogeneity, the theoretical
prediction of this model is consistent with the empirical facts documented in Balleer,
Hristov, and Menno (2017) that constrained firms respond faster to monetary policy
shocks, both upwards and downwards.

The theoretical results also have important implications for studying the state de-
pendent effectiveness of monetary policy. Some recent empirical findings, including
Vavra (2014), Tenreyro and Thwaites (2016), and Alpanda et al. (2019), have docu-
mented that monetary policy might be less powerful in stimulating real growth during
a recession. However, a traditional rational inattention model with homogenous firms
can hardly reconcile this phenomenon. As Bloom et al. (2018) calibrate, the volatility
of idiosyncratic shock escalates much more than that of aggregate shock during re-
cessions, hence the relative uncertainty between idiosyncratic productivity shock and
aggregate monetary shock should increase. Considering the representative firm ra-
tional inattention model, firms will pay less attention to monetary shock and hence
more effective monetary policy, which contradicts the empirical literature. The model
proposed in this paper can reconcile this effect perfectly. Given that firms are more dif-
ficult to reach sufficient financial support during an economic downturn, the fraction
of financially constrained firms would substantially increase when a recession arrives.
Since the model predicts that constrained firms are generally more responsive to a
monetary policy shock, if the fraction of those firms increases sufficiently during reces-

sions, the composition effect can offset the relative uncertainty effect and even makes

®This approach is widely adopted in the literature, for example Kashyap et al. (1994) and Gertler
and Gilchrist (1994).

’In an earlier version of Coibion et al. (2018)’s working paper, they have documented the relation-
ship between output gap backcasting error and firm size.
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monetary policy weaker during a recession. Using aggregate data from the US, cali-
bration shows that increasing the fraction of constrained firms from 13.4% (calibrated
value) to 50% can induce about a 25% loss as the real effect of monetary policy.

This paper connects to several strands of literature. Firstly, it is closely related
to the burgeoning literature on rational intention, which has proliferated since Sims
(2003). The application to pricing decisions is the main focus of this paper. Specif-
ically, Mackowiak and Wiederholt (2009) show how rational inattentive price setters
can generate significant and enduring monetary non-neutrality. Paciello (2012) study
how monetary policy feedback rules affect firms” allocating attention characterization
in a general equilibrium model. Afrouzi (2019), Pasten and Schoenle (2016), Turén et al.
(2018) study extensively how firms’ different characteristics can affect their attention
allocation behaviours and thus monetary policy implications. This paper builds on
Mackowiak and Wiederholt (2009) and contributes to the literature by allowing the co-
existence of two types of firms, and then shows how financial heterogeneity and infor-
mation friction can jointly generate heterogeneous information acquisition behaviour.
In addition, this paper is capable of rationalizing contemporary empirical findings for
the state-dependent effectiveness of monetary policy, which the representative firm
rational inattention model can scarcely address.

Second, this paper relates to a vast literature that studies how monetary policy
shock affects firms differently through financial friction. The feature of financial fric-
tion has long been discussed by seminal papers such as Bernanke, Gertler, and Gilchrist
(1999). Many empirical papers, including Kashyap, Lamont, and Stein (1994) and
Gertler and Gilchrist (1994), have argued that smaller and presumably more credit-
constrained firms are more responsive to monetary policy, along with several other
dimensions. Balleer et al. (2017) contribute to the literature by showing that financially
constrained firms respond faster to monetary policy shocks, both upwards and down-
wards. This paper theoretically rationalises the effect of financial friction in shaping
firms’ responsiveness to monetary policy shock through firms” information acquisition
behaviour.

Lastly, I contribute to the literature on the state-dependent effectiveness of mone-
tary policy. Many recent papers, including Vavra (2014), Tenreyro and Thwaites (2016),
and Alpanda et al. (2019) argue that monetary policy is less effective in stimulating real
growth during a recession than expansion through different channels.> However, pre-

viously mentioned rational inattention models with homogeneous firms fail to repli-

8There also exist literature that document the opposite results, see Weise (1999), Peersman and Smets
(2001), Garcia and Schaller (2002), etc. I adopt a more recent view by Tenreyro and Thwaites (2016), who
used smooth-transiting local projection method, which suffers less from model misspecification.
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cate these empirical findings, given the counter-cyclical aggregate and idiosyncratic
volatilities as documented in Bloom (2014), Vavra (2014), Bloom et al. (2018) and Baker
et al. (2016). Instead, I use an empirically justified rational inattention model to show
how financial heterogeneity can rationalize the state-dependent effectiveness of mon-
etary policy while simultaneously accounting for the counter-cyclical volatilities.

The paper is organized as follows. Section 2 illustrates the primary mechanism
of financial friction shaping firms” information acquisition behaviours in a simplified
general equilibrium model. Section 3 derives and illustrates a set of testable predic-
tions regarding firms” attention heterogeneity and price responsiveness heterogeneity.
Section 4 presents empirical regularities to test theoretical predictions. Section 5 dis-
cusses the full dynamic model numerical solution. Section 6 studies the implications
for the state-dependent effectiveness of monetary policy. Section 7 concludes the pa-
per. Moreover, all the technical derivations, as well as proofs of all the propositions

and corollaries, are included in the Appendices.

2 Model

In this section, I build a general equilibrium model to illustrate the role of financial
friction in shaping firms’ behaviours and monetary neutrality. The model presented
here is a particular case, in terms of information structure, of the full dynamic general
equilibrium model that is specified in Section 4. While the general dynamic model has
to be solved using computational methods, the solution to this model is in closed-form,

which provides insights for interpreting the results from the full model.

2.1 Setup

Time is discrete and infinite, periods are indexed by t € 7' = {0, 1, 2, ..., }. The economy
is populated by a representative household deriving utility from consuming a final
good C; and disutility from providing labour L, a continuum of firms ¢ € [0, 1] setting
prices and hiring labour to produce, and a government controlling money supply M,

in accordance with specific money supply rule.

2.2 Household

Problem The representative household consists a consumer and large enough num-
ber of workers who takes the nominal prices of goods and wages as given and forms
demand over products from different firms. Household’s preferences in period ¢t = 0



are given by

Up=EY B (log(Cy) — drLs), (1)
t=0

where 3 € (0, 1) is the discount factor. The assumption of logarithmic utility makes an-
alytical characterization easier but can be generalized to constant relative risk aversion
(CRRA) utility at the expense of some extra notation. The linear disutility of labour in-
dicates infinite Frisch elasticity.” The final consumption good C; is a composite index
of all firms” products in period ¢, which is modelled by the Dixit-Stiglitz aggregator
with elasticity of substitution v > 1

¢ = { [ e dz} | )

The representative household’s objective is to maximize (2) with respect to a se-

quence of variables {C;, L, Ci;, Bii1, ML, }52, subject to the following sequence of
budget constraint flow, for¢t =0, 1, ...,

1
st. M+ B < WLy + RiBy + (My—y — P,_1Cyy) +/ L idi Vit >0, 3)
0

where P, is the price of the final consumption good, B,_; are the households demand
for nominal government bonds between periods ¢t — 1 and ¢, R; is the nominal gross
interest rate between ¢t — 1 and ¢ on those bond holdings, W, is the nominal wage rate in
period t, II; ; is the nominal profits of firm ¢ in period ¢. The representative household
can freely transform his pre-consumption wealth in period ¢ into money balances, M;,
and bond holdings, B;. Given the main purpose of this paper, I assume that households
are fully informed about prices and wages.!® Accordingly, E[-] represents the perfect
information expectation operator.

The purpose of holding money is to purchase consumption goods. I assume that

9The log-utility assumption implies that the level of nominal interest rate is proportional to the
growth rate of aggregate demand, which is an approach that has been widely used in rational inatten-
tion literature (for instance, see Afrouzi (2019) and Paciello (2012)). The linear disutility in labour is a
common assumption in the models addressing monetary non-neutrality which eliminates the source of
across industry strategic complementarity from the household side (for instance, see Afrouzi (2019) and
Golosov and Lucas Jr (2007)).

19As this paper is mainly studying the implication of rational inattention for firms, I abstract from
the information friction for households. This approach is same as in Afrouzi (2019), Paciello (2012) and
Paciello and Wiederholt (2014), etc.



the representative household faces the following cash-in-advance constraint

1
/a@mzm. 4)
0

where P, ; is the price of differentiated good i. The representative household also faces
a no-Ponzi-scheme condition. I assume for simplicity that the gross nominal interest
rate is larger than 1 for all ¢ to guarantee that (4) is always binding. I introduce the
cash-in-advance constraint to obtain a mapping from the monetary policy instrument,
i.e., the control of nominal aggregate supply, to the monetary policy target, i.e., the
nominal interest rate.

We show in Appendix that household’s optimal behaviour implies the demand

(P
Ciy = ( Pt) C. (5)

function of variety i:

and the aggregate price index

P = { /0 (P.1) di] . ®)

When cash-in-advance constraint is binding, household’s intertemporal Euler equa-
tion and optimal labour supply equation are given by

1 M
-5 ]
Rt+1 Mt+1
Wt :¢LMt

The log-utility of household leads to a duality between constructing monetary pol-
icy either in terms of controlling nominal interest rates or aggregate demand. Further-
more, the linear disutility in labour, which corresponds to an infinite Frisch elasticity of
labour supply, implies that the nominal wage is proportional to the aggregate nominal
demand.



2.3 Monetary Policy

Monetary authority in this economy sets its policy, in terms of the aggregate money
supply, following a log-AR(1) process with persistence rate p); € [0, 1)

lthS =(1—pum) ln]\7[—|—pM lths_l + ey (7)

where €, is the only aggregate uncertainty, which is i.i.d and normally distributed
monetary policy disturbance, £y, ~ N(0,0%,), M 1is the non-stochastic steady state

value of aggregate supply. We assume away the feedback in the money supply rule.!

2.4 Firms

The economy consists of a continuum of monopolistic competitive firms indexed by
i € I = [0,1], that are producing differentiated varieties of outputs C;;. Firms take
the aggregate price index and wage as given while committing to produce the realized
level of demand that their price induce. After setting prices, firms then hire labour and
rent capital to produce under the following production function

Yie = A L8, K, (8)

where Y, is output, L;, is labour input and K;; is capital input of firm ¢ in period t.
The parameter o € (0, 1) is the elasticity of output with respect to labour input. A;; is
idiosyncratic productivity in period ¢, which follows a stationary log-AR(1) process

logAiy = (1 —pa)log A; + palog A;vq + af}t,

where the parameter p4 € [0,1) and the innovation ¢/, is the only idiosyncratic un-
certainty which is i.i.d and normally distributed e;, ~ N(0,0%)."* Firm heterogeneity
originates from A;, which is the non-stochastic steady state value of firm i’s productiv-
ity. Additionally, the support of A; is assumed as A; € {A;, Ay}, and the fraction of
firms having low productivity A is ¢ i.e., Prob(A; = Ar) = ¢, which will be elaborated

Some literature assume a log-AR(1) process of the aggregate demand growth rate, which guar-
antees a stationary inflation process instead of price level. See, Mankiw and Reis (2002), Woodford
(2001), and Afrouzi (2019). To have a more realistic case, the equation (7) can be generalised to
InM; = ¢pln P, + ¢c'In % + pmIn My + epr+ which accounts for the feedback of price and con-
sumption level, as in Paciello (2012).

2This is equivalent to assuming that the variance of productivity innovation is identical across all
firms.



in the following subsection. '

Firm i’s nominal profit in period ¢ is given by
i = PisYie — WiLiy — RE Ky, )

where R is the capital rental price which is equal to

P M,
B My

R = (10)

In this model, firms utilize capital for production and pay their rental cost both in
period ¢. Similar to the typical capital investment setting, one could view this frame-
work as firm managers choosing a state-contingent capital investment plan for period
t production through external financing after all shocks are realized at the end of pe-
riod ¢t — 1, and pay interest rate in period ¢. In this way, the capital rental price could

be pinned down as the previous formula if assuming capital full depreciation.

2.4.1 Financial Friction

Financial friction is introduced by limiting the amount of capital that firms can rent.”
Since the primary purpose of this ingredient is to illustrate how constrained, and un-
constrained firms differ in their behaviours of allocating attention to Macroeconomic
condition, I assume that there are two types of firms populated in this economy, con-
strained firms and unconstrained firms with non-stochastic steady state productivity A,
and Ay, respectively. The fraction of constrained firm is assumed to be ¢. In addition,
constrained firms are facing a binding constraint in the sense that they can borrow only
a certain amount of capital each period, K;, which is lower than the non-stochastic op-
timal amount of capital constrained firms would like to choose, K}, i.e.,

PP'C l—a W a

If A, = A;, then K; < K} = (11)

3The distribution of A; is not critical for the fundamental results given the following reasons: as
will be elaborated later, the heterogeneity of A; is introduced to rationalize the fact that smaller, i.e.
low productive, firms will be financially constrained, which turns the productivity heterogeneity into
financial heterogeneity; additionally, I study the model in the form of log-deviation form steady state,
hence the non-stochastic distribution of A; is not crucial for the final results.

4In Appendix A.2, I explicitly explain how this capital rental price is derived and rationalized.

>The approach to model the financial constraint is widely adopted in the literature, for instance,
Evans and Jovanovic (1989), Buera and Shin (2011), Moll (2014) and Mehrotra and Sergeyev (2020).

16This is equivalent to assume that firms have full information about their financial constraint status.
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Under this assumption, firms are categorized into two groups, identical within each
group.'” To ease notation, I use K;, which is not time-dependent, to denote the capital
that constrained firm ¢ can rent, which will be internalized by firm i as a constant
value.'®

2.4.2 Price setting behaviour

Knowing the binding status of financial constraint, firms need to decide their desired
price levels. Given (5), (8) and (9), the profit-maximizing price under perfect informa-
tion are given by

[ V_]%cht "P, " K, v A, if constrained
P* o Oé(l/ — 1) R
it T

=

(12)

(v —1a*(1 —a)t—

W (RS A} if unconstrained

where ¢y = a + (1 — a)v denotes the degree of real rigidity. After rearrangement,
the log-deviation of firms’ desired price from the non-stochastic steady state could
be expressed as a function of aggregate and idiosyncratic shocks, together with other
endogenous variables.

Lemma 1 The log-deviation of different types of firms’ desired prices under perfect information
can be categorized as

1 -1 1 . .

—my + v D — —Qiy if constrained
Pa=9qY v (13)

my — Qiy if unconstrained

where small letters x; = log X; — log X denote the value of X, in log-deviations from the
non-stochastic steady state."

Proof. See Appendix B.7 m

7The form of financial constraint could also be represented by limiting firms’ capital rental ability
with their initial wealth, and the intuition is similar: firms with less wealth cannot sufficiently support
their optimal capital choice which leads to financial constrained status, see Appendix A.1.

8This is equivalent to assuming in the neighbourhood of the non-stochastic steady state, and the
collateral constraint is always satisfied with equality for constrained firms and slack for unconstrained
firms. This assumption allows me to employ standard approximation methods when analyzing atten-
tion allocation behaviours. This will require a bound on the amplitude of stochastic driving forces in the
model. See, for example, Monacelli (2009).

YNote that equation (13) illustrates firms’ price in the first period right after shock occurs. The
impulse response of unconstrained firms’ price after the first period will be dependent on previous
aggregate variables due to the fact that their price is dependent on aggregate price and monetary shock
of previous periods.
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Here % measures the degree of strategic complementarity in constrained firms’
desired price. A higher ¢ results in a smaller price adjustment of constrained firms
in response to shocks but higher strategic complementarity. Whereas, the price of un-
constrained firms shows no complementarity to the current aggregate price. The key
reason why the difference emerges is that production function is constant return to
scale if firms are producing at their optimal input combination, and firms” marginal
cost is simply subject to the exogenous shocks, not to their production scale. How-
ever, due to financial friction, constrained firms cannot freely adjust their capital input
to match the optimal input combination, which leads to the increasing marginal cost.
Therefore, the desired price of constrained firms is dependent on its production scale,

which is then dependent on the aggregate price level.

2.5 Information Structure

Following the seminal literature of rational inattention (for instance, Sims (2003); Mack-
owiak and Wiederholt (2009)), I assume that firms are rationally inattentive, and in each

period ¢ the information set of the decision maker is

Liv=Tip—1 U {sis, Aip1, My}

= +£i,—1 U {{Si,T}fr:m {Aiﬂ' 3;107 {MT 3;10}7

where 7, _, is the initial information set of decision maker from firm ¢ and s, , is the sig-
nal that she receives in period ¢. By assuming that firms have perfect information about
previous realized shocks helps to abstract intertemporal information acquisition deci-
sions and allow us to get closed-form solutions for this simple model. In the dynamic
model this assumption will be relaxed. Firms choose their optimal signal s;; from a set
of available signals, S;. Specifically, I assume that the signals about fundamentals are
of the form:*

Assumption 1 The signal available to firm j in period t is a two-dimensional vector:

Sit = (Sz{t ) Szz,t)/

XThroughout this paper, I assume that constrained firms’ prices change in the same direction with
aggregate price, but are less sensitive than unconstrained firms. This assumption is valid as long as
v > 1. This assumption is in line with common sense in the literature.

ZIThis assumption is not essentially necessary for the result. Using the theoretical results in Mack-
owiak and Wiederholt (2009) and Mackowiak, Matéjka, and Wiederholt (2018), one can easily prove
that: signals with the format shown in Assumption 1 are optimal for firms.
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where

sit = my; + n% (14)
sit =a;;+ nfjt (15)

where s;, is the noisy signal about aggregate fundamental with 'l ~ N'(0,13;), while s, is
idiosyncratic noisy signals about firm specific productivity with noise 1/, ~ N'(0,73).

Additionally, I assume that (i) the noisy term in the signal is due to limited atten-
tion of firm’s manager, (ii) the process {a;;:}, i € [0,1] are pairwise independent and
independent of {¢}, (iii) the process {1} } and {n7;}, i € [0,1] are mutually and pair-
wise independent. This assumption formalizes the initial idea that being attentive to
aggregate and idiosyncratic conditions are different activities.”

The key assumption of rational inattention models is that price setters are con-
strained in the flow of information that they can process at every period t:

I({Mt’Aivt}; {Si,t}> <k

where the information flow Z(z,y) is a measure of mutual information between ran-
dom variables z and y in bits,”® the parameter x denotes firm’s total attention, mea-
suring the information flow per time unit. This constraint states that the average per
period amount of information a firm can process about all the uncertainty in economy
is upper bounded by x. *

2.6 Firm’s problem

Firms maximize the expected discounted stream of profits by choosing how precisely
to observe the respective signals and hence their optimal prices. Firms take as given the
stochastic processes and choose prices for every period without any adjustment costs.
Additionally, by assuming that firms have perfect information about realized shocks,
the problem of each firm is essentially static. For ease of exposition, I decompose the
decision-making behaviour as a three-stage process within each period:

Stage 1: In the end of period ¢ — 1, firm managers with information set Z; ;_; allocate
their attention and choose the optimal signals s;; € S;.

22This assumption will be relaxed in the full dynamic model.

B7(x,y) is Shannon’s mutual information function. In this paper, I focus on Gaussian random vari-
ables, in which case Z(z,y) = H(My, Aii) — H(My, Aiilsi) = 5l0go(07) — 5 logy(o2,)

24In Appendix B.3, I consider the case when firms have heterogeneous information processing capac-
ity.
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Stage 2: At the beginning of period ¢, firm managers receive signal and realized
shock of last period, their information set is updated to Z, ;.

Stage 3: With the new information set, firm managers make optimal pricing strat-
egy Py L, - Ry, Viel

Note that agents make a purely static decision every period, and the link across
different periods is only through the information set. Hence, firm i’s problem can be

represented as

o

 max E ; BIL(Pyy, P, Yy, My, Asy) (16)
with
P, = arg miXE (TP, Py, Yy, My, Aiy) | L] (17)
and subject to
I({Mt, At} {si’t}> <k (18)

In order to have an analytical solution to firms’ attention allocation problem, in
this section, I consider a second-order Taylor approximation of the discounted sum
of future profits around the non-stochastic steady state, in deviation from the dis-
counted value of profits under full information profit-maximizing behaviour. Addi-
tionally, under Assumption 1 and the independence assumption of shocks, choosing
signal s;; is equivalent to choosing how much attention allocated to each shock. Let
KMi = %logﬂi—% + 1) denote the attention allocated to aggregate conditions and let

2
Ka; = 3l0gy(H + 1) denote the attention allocated to idiosyncratic conditions, where
A
i € [0,1]. Hence, I can rewrite the firm’s problem as minimizing profit loss by choosing
the optimal composition of attention, where 7}, denotes the derivative of profits twice

with respect to the good price.?

1 - t|ﬂ-§1| % \2
— Elpia—p 19
i 32 (i = v )
subject to
pi,t = E[pzt|siyt] (20)

2See Appendix B.6 for the derivation of such approximation.
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and the information flow constraint
KM+ Kag < K. (21)

The information flow constraint reflects a trade-off for firm managers: increasing
the precision of signals about aggregate shock (i.e., pay more attention to aggregate
demand shock), forces them to decrease the precision of signals about idiosyncratic
productivity shock.

Since capital rental rate is dependent on previous shock and price, I conjecture that
the equilibrium price level is a log-linear function of all nominal aggregate demand
shock

pr=_ hi_m_, (22)
7=0

where h}__ denotes the response of current price p, to aggregate nominal demand of
period ¢ — 7. This conjecture will be verified.

To analyse firms’ attention allocation in period ¢, I assume temporarily that the
economy was previously in non-stochastic steady state which implies that m;_, =
pi—r = 0, V7 € (1,00).2° Therefore, the price response of current period is p; = him,

and I can rewrite the profit-maximizing price (13) as

1
—([1 + (¢ — 1)hl)m; — a;;) if constrained
p= {0 e 23)

my — Qiy if unconstrained

and within each category, firms’ price deviation is independent of their size. This
equation implies that unconstrained firms’ price deviation is a function of two shocks
only under perfect information, where the coefficients are exogenous. Regarding con-
strained firms’ price deviation, its response to productivity shock is exogenous. How-
ever, the response to aggregate monetary shock is endogenous since the equilibrium
price response to monetary shock A} will translate into constrained firms’ price re-
sponse due to strategic complementarity.

Given this, we can represent the actual price set by firm ¢ given information set Z; ;

2To fit into a generalized economy that was not in a steady state previously, the price response
derived here can be viewed as the price response to a transitory aggregate shock, or the instantaneous
price response to current period’s aggregate shock. In section 3.2.2, I will explicitly derive the impulse
response of price to current and all previous aggregate shock later this section. Additionally, I will show
that this simplification has no effect on firms’ attention allocation behaviour other than simplifying
notation.
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as

pra = BT = e L= (| mct ) = a1 = (), 2

where
— 1)At 1
w =¢uo, — =40, if constrained
Enri = ¥ Eai=1 ¥ (25)
1 =&{uw, 1=¢&sy, if unconstrained

denotes the sensitivity of firms’ prices with respect to each shock. It is clear that uncon-
strained firms’ price is equally sensitive to monetary and productivity shock. Whereas
constrained firm are weakly more sensitive to monetary shock since H%}—*l)hi > 1
when h] > 0, which is a guaranteed and intuitive condition in this model. The key
mechanism here is that constrained firms become decreasing return to scale once their
capital input is fixed, then their price decision will be affected since their optimal price
will now respond to the equilibrium price, which response to the aggregate monetary

policy shock, i.e., hl.

2.7 Competitive Equilibrium

A competitive equilibrium for this economy is an allocation for household {C@t, Mg, Ly, B } (.)eIXT
a signal sequence {s;;}(erxr, firm prices { P} erxr for firms given initial infor-
mation set {Z; o };c, realised production and labour demand of firms {Ym, Lg{t } (L) eI T

and a set of prices including equilibrium price, interest rates and wages { P;, R;, W }, o1

such that the following are true:
1. Household: maximize (1) subject to (2) and (3),
2. Firms: solve the problem described from (16) to (18),
3. Equilibrium price P, satisfies (6),
4. Monetary Policy: { M, },cr satisfies the monetary policy rule described in (7),

5. Both goods market and labour market clears in every period t € T: C;; =
Yie, Lo = [y Ld,di.

15



3 Theoretical Results

In this section, I present the analytical solutions for the optimal attention allocation of
tirms under different financial statuses as well as the equilibrium price response to a

money supply shock.

3.1 Firms’ Attention Allocation in Partial Equilibrium

3.1.1 Unconstrained Firms

The optimal attention allocation problem of unconstrained firms is relatively more un-
complicated than that of constrained firms due to their constant return to scale (CRS)

production function. The unique solution for the attention allocated to money supply

shock is given by
0 if o, € (0,27
1 1
Ky = 3 + 1 log,(0?) if o, € (27",2"] (26)
K if 0, € (27, 00)

where 0?2 = 2—2%1 denotes the relative uncertainty. The attention of constrained firms
allocated to ag?gregate shock is weakly increasing its volatility relative to the idiosyn-
cratic shock. The interpretation of unconstrained firms” optimal attention allocation is
that when the aggregate condition is more volatile than the idiosyncratic one, a firm’s
decision maker will shift more attention to the aggregate condition since the marginal
benefit is higher. Once the relative uncertainty is sufficiently high, firms will put all
their attention in analysing the aggregate shock. Due to the non-strategic complemen-
tarity generated by the CRS production function, conditional on knowing the relative
uncertainty, unconstrained firms’ allocated attention to aggregate shock will not move
with the equilibrium price response.

3.1.2 Constrained Firms

The optimal attention allocation problem of constrained firms in partial equilibrium
is analogous to that of unconstrained firms. The difference is that, recall the firm’s
problem described in (19)-(21), constrained firms” attention allocation also depend on
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the equilibrium dynamics of the desired price.

0 if (oo, € (0,277

* 1 1 : —K 9K
Kyo = 5/%' + ZIOgQ(SéUE) if {co, € (277,27 (27)

K if (oo, € (27, 00)

where {¢ = 1 + (¢» — 1)h} denotes the relative sensitivity of aggregate shock to id-
iosyncratic shock for constrained firms. The attention of constrained firms allocated to
aggregate shock is weakly increasing both in its sensitivity and its volatility relative to
idiosyncratic shocks. The intuition behind the relative sensitivity effect is straightfor-
ward: if a firm’s desired optimal decision (price) is more sensitive to changes in the
aggregate condition, the firm manager will pay more attention to it. Additionally, re-
call (22) that Al > 0 denotes the equilibrium price response to aggregate shock, hence,
constrained firms’ attention to aggregate shock is weakly increasing with equilibrium
price’s response to it on account of strategic complementarity. This implies that the
complementarity in pricing will transmit into the complementarity in attention alloca-

tion.

Proposition 1 Financially constrained firms allocate weakly more attention to the agqregate
condition than financially unconstrained firms do: kyrc > kup, Vo, € (0,00)

Proof. See Appendix A.1 m

This proposition directly follows from the optimal attention allocation solution (27)
and (26). If aggregate shock is stable enough, no firm will be attentive to aggregate con-
dition. Nonetheless, once the relative volatility reaches a certain threshold, constrained
tirms’ become more sensitive to aggregate conditions than unconstrained firms due to
strategic complementarity. The mechanism behind is that firms cannot adopt their op-
timal inputs combination once becoming financially constrained. As the relative un-
certainty grows, constrained firms will shift their attention to the aggregate condition
faster than unconstrained firms until they reach their information processing capac-
ity limit. This theoretical result is consistent with Coibion et al. (2018), who find that

smaller firms (a proxy of constrained firms) pay more attention to the inflation rate.

3.2 Equilibrium Price Response

Characterizing the equilibrium and optimal action of households and firms allows me
to study how the equilibrium aggregate price responds to aggregate nominal shock.
The price response I study in this subsection is the contemporaneous response in the
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period when shock takes place, i.e. on-impact price response. According to the aggre-
gate price index, integrating price (24) over all ¢ yields

pr = [wodbmo(l = 272we) +wp(1 = ¢)(1 — 27 aw) | my, (28)
1—v 1-v
where wo = (% , Wy = %) , denote the ratio of constrained and uncon-

strained firms’ steady state price to the aggregate price index, respectively. In the fol-
lowing, I will refer to these ratios as the “driving force’ in shifting the equilibrium price
of each group of firms.”

The aggregation of p;; requires an additional condition, which is that the quan-
tity of constrained and unconstrained firms are both sufficiently large, so that the id-
iosyncratic shocks average out within each group when prices are aggregated, i.e.,
f0¢ n%’cdi = f0¢ 7721 Cdi = f(; iy di = f(; nf "Udi = 0. Therefore, the equilibrium price
level under rational inattention can be solved from a fixed point problem of the map-
ping between (28) and conjecture (22).

Proposition 2 There exists a stationary equilibrium where the equilibrium price p, response
to current aggregate demand shock my in the following way

;

0 if o, € (0,277,
1 — 2_HU_1 l_f Oy S (2_57 AO’] )

hi=ht={ wep(l —27%) +wy(l - ¢)P(1 —27%0, )
¥ —wep(p — 1)(1 —27%)
lwed +wu(l — @)y](1 —27%)
\ U —wed(yh —1)(1 —27%)

if o, € (Ay, 27,

if o, € (2%,00).

where

Proof. See Appendix A.2 m

Note that the four stages of equilibrium price response are essentially categorized
by the combination of firms” attentive behaviour. If o, € (0, 27|, neither constrained
firms nor unconstrained firms care about aggregate shock. If o, € (27%, A,], both
groups of firms are at their interior optimal attention allocation status, implying non-
zero attention to aggregate and idiosyncratic shock. If o, € (A,, 2], constrained firms
have allocated all their attention to nominal shock, whereas unconstrained firms are

2’We can conclude that ¢we + (1 — ¢)wy = 1, and we < wy. See Appendix A.5 for the proof.
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still in their optimal interior allocation. Since constrained firms pay weakly more at-
tention to aggregate nominal shock, they will reach their processing limit earlier than
unconstrained firms as o, increases. That is to say, A, denotes the threshold of rel-
ative uncertainty when constrained firms shift all their attention to monetary policy
shock. If o, € (2%, 00), both groups of firms allocate all their resources into processing

information about aggregate monetary shock.

3.3 Firms’ Attention Allocation in General Equilibrium

The implications for firms” attention allocation are abundant after substituting the re-
sults of Proposition 2 into equation (27) to solve the general equilibrium analytically.
First, we see from the partial equilibrium results that feedback effects exist for con-
strained firms since their optimal prices are strategically complement to the equilib-
rium price level.® If the volatility of aggregate shock is sufficiently large that uncon-
strained firms shift positive attention towards aggregate shock, then constrained firms
will pay even more attention to that. However, the exciting fact in general equilibrium
is that constrained firms will not pay any attention to the aggregate shock as long as

unconstrained firms are inattentive to it:

Lemma 2 In equilibrium, constrained firms will pay positive attention to aggregate shock if
and only if unconstrained firms pay positive attention to aggregate shock, ryc > 0 <=
KMuU > 0,Vo, € (0, OO)

Proof. See Appendix A.3 m

Second, as shown in Lemma 2, there are no circumstances where only constrained
tirms pay attention to aggregate shock in equilibrium. Recall the optimal pricing deci-
sion (23) which shows that unconstrained firms are equally sensitive to current mon-
etary policy and idiosyncratic productivity shocks. However, regarding constrained
tirms, the only motivation to devote relatively more attention to tracking aggregate
shock other than idiosyncratic shock comes from the strategic complementarity in their
pricing decisions. If the relative volatility o, is low enough so that unconstrained firms
are entirely careless about m,, then constrained firms will find no incentive to track it
since the equilibrium price does not respond to m,. Figure 1 illustrates these results by
showing how each group of firms’ attention allocated to aggregate shock changes with
relative uncertainty o,. If o, reaches 27", both constrained and unconstrained firms

start to devote a positive amount of attention to monetary shock simultaneously. Once

2See Woodford (2002), Mackowiak and Wiederholt (2009) and Acharya (2017) for more discussion
about the strategic complementarity of pricing decisions.
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Figure 1: Firms’ attention allocation
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NOTE: This figure illustrates how firm’s attention allocated to aggregate shock changes with the relative
standard deviation between aggregate shock and idiosyncratic shock. The red solid line is the attention
of unconstrained firms, the blue dashed line is the attention of constrained firms.

both types of firms start tracking, as relative uncertainty increases, constrained firms
continue to shift their attention to m, faster than unconstrained firms, due to strate-
gic complementarity. Following Hellwig and Veldkamp (2009), we can conclude con-
strained firms’ behaviour as ’knowing what others know, but know more than others’.
In addition, with identical information processing capacity across all firms, constrained

firms reach their limit x with a lower o, than unconstrained ones.

3.4 Monetary Non-neutrality Analysis

Recall that the derived aggregate price response h} essentially refers to the current equi-
librium price response to current aggregate shock. If the economy was not in its steady

state previously, since the nominal aggregate demand is log-AR(1) process, then aggre-

20



gate price p, should also respond to previous aggregate conditions m;_., V7 € (1, 00),
as conjectured in equation (22). After solving a fixed point problem, the dynamic equi-
librium price response at any arbitrary period to the correlated aggregate demand is
illustrated in the following proposition

Proposition 3 Denote the first period when aggregate shock occur after steady stateast = 1,
then the response of equilibrium price to nominal aggregate demand at any following period t
is

t—1
P = Z hy_my_r (29)
7=0

where h__ is the period t equilibrium price response to shock m;_, and equal to

( h if =0
Gl-weoa=1+0-ah)
hi_, = ¥ —weo(Y — 1) N (30)
Ji-wo)(l- o
U wes@ D) Fr=1

Proof. See Appendix A. m
From the previous proposition, itis clear that rational inattention directly affects the
on-impact response of the equilibrium price to the current aggregate shock, i.e., o, and

indirectly affects the price response to realised shocks, h}__, through h. In fact, price re-

t—r7
sponse mimics an infinite order moving average process by responding to both current
and previous aggregate conditions. The price response to aggregate demand shock
depicted in Proposition 2 and Proposition 3 allow us to analyse how monetary non-
neutrality will be affected by the relative uncertainty and the fraction of constrained

firms.

Proposition 4 For any interior solution of ezther category of firms, monetary non-neutrality
is strictly decreasing in the relative uncertaznty t = >0, Yo, € (277,2%), 7 € (0,00)

Proof. See Appendix A. m

This proposition demonstrates the fundamental spirit of rational inattention the-
ory. The marginal benefit of firms being attentive to aggregate shock increases with
its volatility. Hence, irrespective of their financial status, firms will allocate more
resources to tracking aggregate shock, and equilibrium price responsiveness will in-
crease if relative volatility o, rises.?’

2See Sims (2003) and Mackowiak and Wiederholt (2009) for more details.

21



Proposmon 5 For any interior solution of both categorzes of firms, monetary non-neutrality
€ (0,A,], 7 €[0,00),

e If 7 = 0, price response is independent of ¢, 2% = 0

’ 9

o If 7 > 0, price response is strictly increasing in

Proof. See Appendix A.4. m

Knowing firms are showing heterogeneous responsiveness to aggregate shock, the
fraction of constrained firms ¢ should have a substantial effect on monetary non-
neutrality. This proposition illustrates the core implication of this model: for an econ-
omy populated by both constrained and unconstrained firms when o, € (0, A,], the
instantaneous equilibrium price response when aggregate shock occurs is not affected
by the fraction of constrained firms, which resembles the equilibrium response of an
economy populated only with inattentive homogeneous firms that produce differenti-
ated goods. Though constrained firms are relatively less responsive due to real rigidity,
their advantageous attention allocated to aggregate shock helps them in responding
to the aggregate shock same as unconstrained firms. As a result, constrained firms
can maintain the same responsiveness as unconstrained firms in the first period of
shock. Afterwards, in the following periods, the equilibrium price response will in-
crease with the fraction of constrained firms since the previous shock only partially
dampens constrained firms’ prices. The critical point is that when ¢ = 1, equilibrium
price is always positive since constrained firms’ price response is not subject to previ-
ous aggregate nominal demand. If the volatility of monetary shock is sufficiently large
that 0, € (A,,0), as o, increases, constrained firms can no longer allocate additional
attention to aggregate shock to offset the effect of real rigidity. Therefore, the higher
fraction of constrained firms, the less responsive is the instantaneous equilibrium price

to aggregate shock.

4 Relation Between Model Predictions and Empirical Data

This section provides recent empirical evidence to test the crucial theoretical mecha-
nism and predictions of the model. To do so, I use both qualitative microdata from
the German manufacturing subset of the IFO Business Expectation Panel (BEP) as well
as quantitative data from a survey of firms in New Zealand, which was designed and
conducted by Coibion et al. (2018). This paper contributes empirically to the literature

in the following ways: (1) it documents the strong negative correlation between firms’
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tinancing difficulties and their size, (2) it documents that smaller firms are more in-
fluenced by the economic policy in general, (3) it further verified the stylized fact in
Coibion et al. (2018) that larger firms are less attentive to inflation and its substantial

correlated variables: unemployment rate and output gap.
Table 1: Firm Size, Firm age and Financing Difficulty
1) (2) 3) (4) ©)

log(employment) -0.00815** -0.00329** -0.00837***  -0.00286  -0.424***
(0.00124)  (0.00146)  (0.00164)  (0.00194)  (0.0454)

Constrained -0.0798**  -0.0760***  -0.0759***  -0.0727***  -7.415***
(0.00312)  (0.00121)  (0.00364)  (0.00140) (0.414)
Firm age -0.0000943**  0.000173  -0.00371***
(0.0000417)  (0.000157)  (0.00128)
Industry FE Yes No Yes No Yes
Firm FE No Yes No Yes No
Constant 0.229*** 0.181*** 0.231%** 0.159%** 6.067***

(0.0127) (0.00776) (0.0151) (0.0151) (0.572)

Observations 123341 123360 86913 86915 86913
R? 0.0693 0.0683 0.0647 0.0548

Notes: The dependent variable is a binary variable that equals 1 if a firm reports its domes-
tic production activities are currently constrained by difficulties in financing, and 0 otherwise.
”Constrained” refers to a binary variable that equals 1 if the firm reports its domestic produc-
tion activities are currently constrained, and 2 otherwise. “Firm age” refers to the time between
the initial creation year of a firm and 2018. Column (1) to column (4) report the estimates using
OLS, and column (5) reports the estimates using Logit regression. Robust standard errors in
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

4.1 Firm Size and Financial Condition

Since New Zealand survey data collected by Coibion et al. (2018) lacks firms’ finan-
cial information, finding a good proxy for the financial condition of firms is strongly
needed. In the previously studied model, firm size and its financial constraint sta-
tus are one-to-one mapping, which is in line with Gertler and Gilchrist (1994), who
consider firm size as a reasonable proxy for capital market access. I verify this as-
sumption with the BEP dataset, which contains questions to measure this assumption
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directly.®® The first informative question asks firms whether their domestic production
is currently constrained. Conditional on this question, firms are then asked whether fi-
nancing difficulties constrain their production. Table 1 reports the results of regressing
the dummy variable on firms” employment using OLS and Logit regression. The effect
of firm size in reducing financing difficulties is significant and robust after including
other controls and fixed effects.

This stylized fact is not unique to Germany. Using a cross-country survey, Beck,
Demirgii¢c-Kunt, and Maksimovic (2005) document that smaller firms report facing sig-
nificantly more financing obstacles.’® Though the lack of financial data on firms in the
New Zealand survey, we can arguably conclude that firm size could be considered a

reasonable proxy variable for firms’ financial condition.

4.2 Firm Size and Knowledge about Aggregate Information

The main prediction of the model is that under the rational inattention setting, smaller
tirms pay weakly more attention to nominal aggregate demand shock than to idiosyn-
cratic productivity shock, see Proposition 1. This is essentially because smaller firms
are more affected by the aggregate shock through strategic complementarity.

Using the BEP data, I find that smaller firms report being more influenced by eco-
nomic policy, which implies that smaller firms should have paid more attention to
macroeconomic conditions, see Table 2.

Regarding the direct measurement of inattention, I use the New Zealand survey,
whose details have been comprehensively discussed in Kumar et al. (2015) and Coibion
et al. (2018). The survey was conducted among a random sample of firms in New
Zealand with broad sectoral coverage. So far, six waves of the survey have been com-
pleted over the time frame of September 2013 to July 2016. With this survey, Coibion
etal. (2018), find that smaller firms make significant smaller errors when asked to recall
the inflation level in the preceding twelve months.

To further verify the empirical facts, I use inattention to unemployment and out-
put gap as dependent variables and conduct the identical empirical estimation linking
firms’ inattention and size. The survey asks firms for their beliefs about “the unemploy-
ment rate currently is in New Zealand” and "By how much higher or lower than normal do you

9The quality and validity of the BEP dataset have been widely exploited by the literature, see Bach-
mann and Elstner (2015) and Ehrmann (2005).

31 A rich literature in corporate finance has also been studying the correlation between firm size and
financial condition. For example, Ratti et al. (2008) document that large firms are less credit constrained
than small firms using data of non-financial firms in 14 European countries. Hadlock and Pierce (2010)
use qualitative information from financial filings to propose a new measure of financial constraints and
argue that firm size and age are particularly useful predictors of financial constraint level.
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Table 2: Firm Size, Firm Age and Economic Policy Influence

(1) 2) €) (4)
log(employment) -0.0275*** -0.0204*** -0.0276*** -0.0204***
(0.00725)  (0.00671)  (0.00744)  (0.00788)
log(investment)  -0.0129*** -0.0135*** -0.0129***  -0.0136***
(0.00472)  (0.00396)  (0.00477)  (0.00492)
Firm age -0.000215* -0.000202*
(0.000121) (0.000122)
West/East -0.0156 -0.0108
(0.0211) (0.0216)
Industry FE No Yes No Yes
Constant 0.789***  0.880***  0.820*** 0.898***
(0.0270)  (0.0405) (0.0419) (0.0545)
Observations 29763 29763 29086 29086
R? 0.0114 0.0187 0.0108 0.0179

Notes: The dependent variable is the adjusted response to the following question: “our invest-
ment activity is influenced positively /negatively by economic policy in general”. The survey
answer is 1 for “strong inducement”, 2 for “slight inducement”, 3 for “no influence” , 4 for
“slight negative influence” and 5 for “strong negative influence”. To capture the magnitude
of influence, the variable value is equal to 3 for “strong negative influence” and “strong in-
ducement”, 2 for “slight negative influence” and “slight inducement”, and 0 for no influence.
“West/East” is a dummy variable that equals 1 if the firm is from west Germany and 0 other-
wise. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

think the current level of overall economic activity is”. In light of Coibion et al. (2018)’s em-
pirical strategies, I construct the “errors” made by firms concerning the two macroeco-
nomic variables by subtracting their reported beliefs from the actual level and estimate

the following regressions (using unemployment, for example):
lunemp; — B (unempy)| = Bo + BiLi + uX; + €

where unemp, denotes the actual current unemployment rate and B} (unemp,) denotes
firm i’s belief about the current unemployment rate. L, denotes employment, X; con-
sists of the same set of firms and manager characteristics as in Table 4 of Coibion et al.
(2018). In Table 3, column (1) illustrates the replicated results of Coibion et al. (2018)
about inflation. Column (2) and (3) reports the estimates using unemployment er-

ror and output gap error as dependent variables and indicates that larger firms make
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Table 3: Firm Size, Inattention to Macroeconomic Variables

(1) (2) )
Variables Inflation Unemployment Output Gap
log(age) 0.17*** 0.04* 1.18***
(0.03) (0.02) (0.22)
log(employment) 0.384*** 0.06** 3.83***
(0.06) (0.03) (0.24)
Labor share of costs -0.01 0.01** 0.03*
(0.00) (0.00) (0.02)
Foreign trade share 0.07** -0.00 0.015**
(0.00) (0.00) (0.01)
Number of competitors -0.017%** 0.01*** -0.04***
(0.00) (0.00) (0.01)
Average margin 0.00 0.03*** 0.06***
(0.00) (0.00) (0.02)
Price relative to competitors 0.01 -0.00 0.04***
(0.00) (0.01) (0.02)
Firm’s past price changes -1.17%% 0.13 -0.04***
(0.26) (0.11) (0.02)
Industry PPI inflation -0.01 -0.00 -0.07**
(0.01) (0.00) (0.00)
Expected size of price change -0.00 0.00 -0.04
(0.0) (0.02) (0.03)
Duration until price change 0.03*** 0.00 0.38***
(0.01) (0.00) (0.04)
Absolute slope of profit function -0.20*** 0.00 -1.617%%
(0.04) (0.02) (0.21)
Industry FE Yes Yes Yes
Observations 2,912 1,164 3146
R? 0.799 0.089 0.45

Notes: Column (1) of the table replicates the results of Coibion et al. (2018). Column (2) of
the table reports estimates of firms” nowcast absolute error about the current unemployment
rate. Column (4) reports estimates of firms’ nowcast absolute error about output gap. The table
reports Huber-robust estimates. Robust standard errors in parentheses. *** p<0.01, ** p<0.05,

*p<0.1.

larger errors about the two variables. Additionally, those inattentive features persists
when measures are changed to forecast errors in next year’s inflation and unemploy-
ment level. The similar patterns in firms’ attention to the unemployment rate and
inflation can be rationalized by the Phillips curve, which explains the stylized fact

between unemployment rate and inflation in historical data.®> Similarly, the similar

32See Figure 7 for the correlation between inflation and unemployment in New Zealand after adopt-
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positive effect of firm size on their inattentive level concerning the output gap could
also be explained by the Okun’s law. Hence, it is very likely that firms will internalize
these empirical patterns and maintain the consistent knowledge about very correlated
variables.

5 Full Model and Solution

This section presents the quantitative results obtained for a full dynamic model. From
this section onwards, I relax two assumptions to generalize the model. First, Assump-
tion 1 is relaxed to allow signal form other than “true state plus white noise error”.
Second, firms no longer have full information about realized shocks, this form of in-
formation set is not only widely adopted in rational inattention literature but also more
realistic since firms appear to be remarkably uninformed about previous variables like
inflation, unemployment and output gap, according to the empirical facts discussed in
section 4. Hence, their information sets should contain all the signals that they have
received:

Lo =Zip 1 U{sis} =Z; 1 U {Si,T}f—:O'

Since any stationary AR(p) process can be represented as MA(oco) process, let the
moving average representations of m; and a;; be given by m; = > _,°  aie, and a;; =
> oo bief,_;. Therefore, firm’s profit loss minimization problem becomes

i Pl

subject to the equations for m,, and @, ; and information flow constraint

e= Y ast Y dmi, =Y fEli Y o
1=0 1=0 1=0 1=0
Z({ma}, {rnie}) + I({ai,t}7 {&i,t}) < K.

Firms” optimal attention allocation in this full model could be different from the
simple model, given that unconstrained firms might find it optimal to acquire informa-
tion about future monetary supply to facilitate their pricing decision. Solving this full
model analytically is more challenging than the simple model since firms” information

acquisition behaviours are now dynamic, I follow the numerical solution in Section 7

ing an inflation targeting rule.
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of Mackowiak and Wiederholt (2009) to firstly guess the equilibrium price and then
solve firms’ attention problem in previous equations which also gives firms’ best price
response. Eventually, I compute the equilibrium price and update the previous guess
until a fixed point is reached. Given certain parameters calibrated to match the U.S.
economy (explained in the next section), the solution shows that constrained firms
allocated 43% of their attention to analysing aggregate monetary shock. In contrast,
unconstrained firms allocated only 18% of their total capacity to such shock, which is
in line with the theoretical results stressed in Proposition 1. In this full model, when
firms cannot observe the realised value of previous shocks, they would find the cur-
rent signal helpful in future pricing decisions. The mechanism is not only through
the serial correlation of shocks as in Mackowiak and Wiederholt (2009) but also be-
cause that unconstrained firms’ prices depend on previous shock and previous price.
This dependence will transfer to constrained firms’ pricing decisions through strategic
complementarity.

Regarding price response, Figure 2 compares the price response of different groups
of firms after 1% innovation in m,, where constrained firms respond more in their
price than what unconstrained firms do until the 12th quarter.®® The effect of ¢ in
shaping monetary non-neutrality is illustrated in Appendix Figure 6. As previously
discussed in the comparison between different categories of firms, constrained firms
adjust faster in the early periods when shock arrives. Therefore, with the severity
of financial friction increases (the fraction of constrained firms increases), aggregate
price becomes more responsive to monetary shock, which induces lower monetary

non-neutrality.

6 Effectiveness of Monetary Policy Implications

This rational inattention model, integrated with financial heterogeneity, offers the fea-
sibility to analyse monetary non-neutrality with different levels of financial friction.
Using calibrated parameters, I further show that this model has important implications
for the state-dependent effectiveness of monetary policy compared to the rational inat-
tention model with homogeneous firms. The calibrated parameters are presented in
Table 4.

3Figure 8 shows the impulse responses of constrained firms’ price to a 1% innovation in two different
shocks and Figure 9 shows the responses of unconstrained firms. Price response for both categories
of firms are hump-shaped because unconstrained firms’ price change depends on previous aggregate
states, and since constrained firms’ price is strategic complement, their prices also show the hump-
shaped pattern. The yellow lines illustrate the firms’ response to the noise term, which is decaying
exponentially.
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Figure 2: Price Response to Aggregate shock
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NOTE: This figure illustrates the impulse response of price after a 1% monetary shock with calibrated
parameters. The red dash line is for the price response of unconstrained firms; the black dot line is for
the aggregate price response; the blue point-dashed line is for the price response of constrained firms;
the black solid line is for the price response of the aggregate price under perfect information.

Recent empirical literature, which studies the time-varying effectiveness of mone-
tary policies, has documented that a nominal stimulus could be less powerful during a
recession than expansion. For example, Tenreyro and Thwaites (2016) investigate how
the response of the U.S. economy to monetary policy shocks depends on the state of
the business cycle and conclude that interest rate shocks are more potent in expansions
than in recessions. Similarly, Alpanda et al. (2019) find that the impact of monetary pol-
icy shocks on most macroeconomic and financial variables is smaller during periods of
economic downturns, using data from 18 advanced economies. Vavra (2014) investi-
gates this question in the time-varying volatility channel and documents that monetary
policy is less effective in increasing real output during periods of high volatility than
during regular times.

Nonetheless, the fundamental rational inattention model presented in Sims (2003)

and Mackowiak and Wiederholt (2009) cannot fully capture the state-dependent effec-
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Table 4: Calibration Parameters

Parameters Description Value Moment Matched
B Discount factor 0.99 Quarterly discount factor
v Elasticity of substitution 5 25% Average Mark-up
Q@ Coefficient of Labour 0.54 Autor et al. (2020)
oljrrension - Gtandard deviation of idiosyn- 0.0130 Bloom et al. (2018)
cratic shock during expansion
g Becession Standard deviation of idiosyn- 0.039 Bloom et al. (2018)
A cratic shock during recession
orPerser Gtandard deviation of aggregate  0.0048 Nominal GDP of the U.S.
shock during expansion
o ficcession Standard deviation of aggregate 0.0114 Nominal GDP of the U.S.
shock during recession
) Fraction of constrained firms 0.134 World Bank Enterprise Survey
K Information processing capacity 1.5 Afrouzi (2019), Mackowiak and
Wiederholt (2009)

tiveness of monetary policy after allowing for time-varying volatility. As documented
in Bloom (2014), Vavra (2014), Bloom et al. (2018) and Baker et al. (2016), both aggre-
gate and idiosyncratic uncertainties are mostly counter-cyclical. Regarding aggregate
uncertainty, Baker et al. (2016) point out that, during recessions, the VIX index and the
economic policy uncertainty rises by 58% and 51% on average, respectively. On the
other hand, the idiosyncratic uncertainty shows more dramatic differences during the
business cycle. Bloom et al. (2018) find that the variance of plants sales growth rates
rose by a massive 152% during the Great Recession. Besides, the calibrated volatility
of idiosyncratic productivity in Bloom et al. (2018) rises by 333% in recession, whereas
that of aggregate productivity increases only by 192%. Given that idiosyncratic pro-
ductivity shock is more volatile than aggregate shock, the rational inattention model
with representative firms should predict that firms allocate less attention to a mone-
tary policy shock and less price adjustment, consequently leading to a greater real ef-
fect, i.e., more effective monetary policy during recessions. Obviously, due to relative
uncertainty change, this theoretical implication contradicts with the empirical findings
illustrated previously.

This rational inattention model integrated with financial heterogeneity is capable

of resolving this empirical puzzle as the ‘composition effect’ is also important for equi-
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librium price response. During recessions, two channels will drive the effectiveness of
monetary policy in different directions. On the one hand, as discussed in Proposition
4, the decline in relative uncertainty o, = 22 will enhance the real effect of monetary
policy shock, since firms will pay less attention to aggregate policy shock. I will refer
to this mechanism as the ‘Uncertainty Effect’.

Figure 3: Percentage of Banks Tightening Credit Standards
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NOTE: This figure illustrates how much tighter credit standards have become on commercial and indus-
trial lines of credit. Tighter credit standards are a proxy for reductions in the supply of credit. The blue
point-dashed line is the net percentage of domestic banks that report to have tightened their credit stan-
dards for large and medium businesses. The red solid line is the net percentage of domestic banks that
report to have tightened their credit standards for small businesses. Shading indicates U.S. recession
periods. Sources: Board of Governors of the Federal Reserve System

On the other hand, as discussed in Proposition 5, monetary non-neutrality de-
creases with the fraction of constrained firms ¢ since their prices are less responsive to
monetary shock compared to those of unconstrained firms. It is widely accepted that
more firms become financially constrained during an economic downturn.* I present
the credit supply change along the business cycle in the U.S. using the Senior Loan
Officer Opinion Survey on Bank Lending Practices conducted by the Federal Reserve.

3For example, during the most recent recession initiated by COVID-19, even a monopolistic firm
like Boeing was constrained by liquidity.
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Figure 3 illustrates that commercial banks dramatically raised their standards when
providing loan to firms regardless of their size during recessions. Hence, the fraction
of firms facing difficulties in accessing financing resource is arguable countercyclical,
and we can expect the real effect of monetary policy to decrease during recessions
through this channel. I will refer to this as the ‘Composition Effect’.

The overall effect of these two forces remains ambiguous, which will be determined
by calibrated parameters. For this rational inattention model with financial friction, the
main parameters are the volatility of aggregate shock and idiosyncratic shock under
recession and expansion; the information processing capacity, ~; the degree of real
rigidity, v, the fraction of firms with binding capital constraint, ¢; and the ‘driving
force’, wy and we.

The volatility of idiosyncratic productivity is taken from the estimation of Bloom
et al. (2018) as glfeeession = (.13, o{*P*"" = (.039, which implies 3.33 times higher
idiosyncratic uncertainty during recession than expansion. The stochastic process for
nominal aggregate demand is calibrated using the nominal GDP data of the U.S. from
1972 to 2010 so as to be consistent with Bloom et al. (2018). I assume that the aggregate
monetary policy process follows a Markov-Switching log-AR(1) model

my = piymi—1 + e, Eme~ N(0,0%), st € {Recession, Expansion},

and then estimate the time-varying volatility and persistent rate of aggregate nominal
shock using Expectation-Maximization algorithm. The estimated results are p}; """
0.96, phigcession — (.88, giieeession = (.0114,

g LIPSO — (),0048, which implies a 2.38 times increment in the aggregate volatility
during recession.®® The idiosyncratic uncertainty is nearly ten times as large as the cal-
ibrated aggregate uncertainty, which is consistent with what Mackowiak and Wieder-
holt (2009) calibrate.

The information processing capacity is one of the key parameters for rational inat-
tention models. Coibion and Gorodnichenko (2015) and Afrouzi (2019) propose a new
approach to measure the degree of information rigidity in forecasts of aggregate infla-
tion from the data by regressing firms” ex-post mean forecast errors on their ex-ante
mean forecast revisions. Following this approach, the capacity that firms allocate to
inflation is calibrated to 0.75 from the New Zealand survey. However, the capacity

estimated from this approach is simply the capacity firms allocated to one uncertain

%This is in line with Bloom (2014), the uncertainty of idiosyncratic shock increases more dramatically
during recession compared to that of aggregate uncertainty estimated using Markov-Switching log-
AR(1) process.

32



variable, i.e., inflation, which accounts for only part of a firm’s total capacity. Due to
the limitations in calibrating «, I choose three different levels to calibrate the model:
0.75, as in Afrouzi (2019) (0.75); 1.5; and 3, as in Mackowiak and Wiederholt (2009).3°

I choose the elasticity of substitution in final goods production v = 5, which yields
average markup of 25%, while the labour coefficient « is calibrated as o = 0.54 so
as to match the manufacturing industry of the US jointly with v. Autor et al. (2020)
revaluate the labour share drop in the US and document that the aggregate labour

share in manufacturing industry is around 32.5% which is equal to ““a.

Figure 4: Response of Inflation to Aggregate shock

Price response to 1% Impulse in m;
T I I I I T T

——PI Aggregate

—e— RI Unconstrained Recession
—o— RI Constrained Recession
—o— RI Constrained Expansion
8" RI Unconstrained Expansion

Impulse responses to shocks of one standard deviation

NOTE: This figure illustrates the impulse response of prices after a 1% monetary shock. The purple
dashed line is the price response of constrained firms during expansion; the red solid line is the price
response of constrained firms during recession; the blue solid line is the price response of unconstrained
firms during recession; the green dashed line is the price response of unconstrained firms during expan-
sion.

The fraction of constrained firms is a crucial parameter which partly determines the

3The value 1.5, which is half of what Mackowiak and Wiederholt (2009) choose and twice of what
Afrouzi (2019) choose, yields a ratio of posterior variance to prior variance of 0.25.
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level of monetary non-neutrality when constrained firms have reached their limit in
processing aggregate information. To calibrate this parameter, I use the World Bank’s
Enterprise Surveys dataset, which consists of periodical surveys of firms in countries
around the world to analyse their characteristics across different sectors of an economy.
The sampling of firms is designed to be representative of the structure of each economy
and captures a variety of firms from different sizes. Among the high-income OECD
economies, the share of firms that report being fully credit constrained and partially
credit constrained is 3.6% and 9.8%, respectively. I combine these two categories of
firms as financially constrained firms and this implies ¢ = 13.4%.% Since this survey
was mainly conducted globally between 2010 and 2016, and we can view this fraction
as the fraction of constrained firms during expansion. The ‘driving force’, we and wy,
i.e., steady state price ratios can be pinned down by firms” marginal cost differences.
Given that in the model price is a marginal cost multiplied by a constant markup, I
choose we = 0.92 and wy = % = 1.02, which implies a 5% higher marginal cost of
constrained firms than unconstrained firms.

With these parameter adjustments, I can study how the Composition Effect and
Uncertainty Effect can jointly shift monetary policy effectiveness along the business
cycle. Figure 4 illustrates how each category of firms’ prices change during recession
and expansion, while ruling out the Composition Effect. Since the relative uncertainty
o, decreases in an economic downturn, firms will consequently allocate more atten-
tion to idiosyncratic shock and hence be less responsive to monetary policy shock. In
Figure 4, unconstrained firms pay almost no attention to aggregate shock, whereas
constrained firms’ responsiveness decreases in a recession, as the solid purple line il-
lustrates. Without the Composition Effect, the real effect of a 1% impulse in m, should
have grown during recession, because the aggregate price will be less responsive if ¢
is constant. This implication contradicts with several empirical findings as discussed
above. Hence, it is necessary to pin down the overall effect considering both Uncer-
tainty Effect as well as the Composition Effect.

Figure 5 shows how the equilibrium price responds in different states of the econ-
omy after jointly combine the Uncertainty Effect and Composition Effect. Specifically,
the red dashed line represents the aggregate price during expansion when ¢ = 13.4%,
as calibrated. With of 15% more firms being constrained, the Composition Effect can

fully accommodate the relative Uncertainty Effect and implies a similar cumulative

%Balleer et al. (2017) report that using the German BEP survey, an average of 5% of constrained firms
according to the production measure and about 25% of constrained firms according to the banking
measure regarding balance sheet. The fraction implied by the World Bank’s Enterprise Surveys dataset
of 13.4% is between these two values.
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Figure 5: Response of Inflation to Aggregate shock
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NOTE: This figure illustrates the impulse response of prices after a 1% monetary shock. The red solid
line is the equilibrium price response of during recession (¢ = 0.5); the green dashed line is the equilib-
rium price response during expansion (¢ = 0.2).

(16 periods) impulse response in real consumption. Moreover, when ¢ is set to 50% to
represent an severe economic downturn, as depicted by the solid red line, the cumu-
lative impulse response of real consumption could even drop by 25% compared with
the dashed line. Overall, this model delivers a comprehensive explanation regarding
the state-dependent effectiveness of monetary policy, which the previous rational inat-
tention literature fails to capture.

7 Conclusion

Whether monetary policy can be effective or not partially depends on the attentive-
ness of economic agents; however, the attention allocated to macroeconomic condi-
tions varies with a firms characteristics. In contrast to the common knowledge that

larger firms should be more aware of how the economy is running thanks to their ad-
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vantageous resources, empirical findings show that smaller firms might have a more
accurate understanding of the big picture. In this paper, I develop a model with hetero-
geneous firms to make the link between financial friction and information acquisition
and show that what matters for price-setters mainly depends on their pricing sensitiv-
ity. When firms are constrained in freely adjusting their production input, they will
pay more attention to aggregate shock, which is relatively more important. Besides,
due to strategic complementarity, constrained firms shift their attention to aggregate
conditions faster as the variance in aggregate shock increases. As a result, constrained
tirms are more informed about macroeconomic conditions compared to unconstrained
firms.

Concerning actual price responsiveness heterogeneity, constrained firms are gener-
ally more responsive to aggregate monetary shock due first to their higher attentive
level, and Second to their immunity to capital rental rate change. The generally lower
responsiveness of unconstrained firms is instructive for studying the state-dependent
effectiveness of monetary policy. The latest empirical findings have documented the
phenomenon that monetary policy is less potent in stimulating real growth during a
recession, which the traditional rational inattention model with representative firms
can hardly reconcile. during a recession, the volatility of idiosyncratic shock escalates
more than that of aggregate shock. If applied to the representative firm rational inat-
tention model, a firm will pay less attention to aggregate shock and hence have a more
effective monetary policy, which contradicts the empirical literature. The model pro-
posed in this paper can perfectly reconcile this effect, given that more firms are likely
to be constrained during a recession, and this composition effect can not only offset the
relative volatility effect but also deliver a less effective monetary policy during a reces-
sion. Calibration using aggregate data from the US shows that increasing the fraction
of constrained firms from 13.4% to 50% can induce about a 25% loss in the real effect

of monetary policy.
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Appendix

A Proofs for Lemmas and Propositions

A.1 Proof of Proposition 1

Proof. Note that {¢ = 1 + (¢» — 1)h denotes the relative importance of aggregate shock to
idiosyncratic shock for constrained firms and ¢ = ao+ (1 — a)v > 1, h > 0. Hence, {c > 1.

Ifo, < 5— < 27% then k}y, o = k) p = 0,1i.e., both types of firm pay no attention to aggregate
shock.

If 2= <0, <275 then K}, ¢ = 3k + 1logy(E807) > K}y = 0, ie., Constrained firms pay no
less attention than unconstrained firms.

If 27" < 0, < T, then rj;c = 3k + 110g,(E207) > wiyp = 38 + 1 logy(07), ie., constrained
firms pay more attention than unconstrained firms.

If <o, <20 then k} o = k > Kjyy = 36+ 1logy(0?), ie., constrained firms pay no less
attention than unconstrained firms.

If 28 < o,, then v}, o = kK = K}y = K, i.e,, both types of firms allocate all their attention to

aggregate shock.

To sum up, kyc > Ky B

A.2 Proof of Proposition 2

Proof. The derivation of Proposition 2 comes from the fixed point of solving the equilibrium
price response. I now know that the optimal price that firms set under imperfect information

are

P = Gue(1 = 27250e) (my + ) = Eao(1 — 27207 ne)) (a5, + )
p;ﬁ] — £M,U(1 _ 2—2“7\4,U>(mt -+ n%’U) + §A,U(1 - 2_2(R_HRI’U))<a/i,t + 77:‘{(])

MC MU o . . . :
where n;,"”, 1, , denotes the noise in nominal shocks of constrained firms and unconstrained

firms, respectively. Similarly, the denotation applies to nﬂc, nzA v

The aggregate price response p; = hm, can be solved from a fixed point problem. Recall that
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the utility-based price index is

1 = p 1 =
= ([ ra) = ([ e [etya)
0 0 ¢

where the parameter ¢ denotes the fraction of constrained firms.

Thus, for the aggregate price of all firms P, = [ [ (P 1_Vdj} ™ Thave

1 1 1-v
InP, = ln/ (R- t) di
1—v 0 ’

(tirst-order Taylor expansion)
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Since P¢ # PY, 1 cannot interpret T

as the deviation from steady state.

(PG~ POYPO)™ PG PO PC

1-v
pl-v PC ( P )

However, I can rewrite the aggregate price deviation as a weighted average function of two

groups prices,

PCa [® o PY, [t
pt:(?)1 /pftdwr(?)l /piU,th
0 @
— —
=wc =wu

¢
B wc/ [gM’C(l — 272w ) (my + ) — Eao(l — 2720w ) (a;, + 77;,1{0)] dj
0
1
e / (1= 27250) (my 4l Y) + € p (1 — 2700 (0 + ) | dj
¢
= [wegbumc(l —2790) +wy(l = ¢)éaru (1 — 2725w my
(If firms are totally heterogeneous, i.e., P; # P}, if i # j, then p, = fol(%)lf”pi,tdi)
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The last equality comes from the assumption that [’ myCdj = ff nCdj = f(bl e dj =

¢1 n;}t’Udj = 0. In words, Assumption: The number of constrained firms is sufficiently large
so that the idiosyncratic shocks average out.

Due to the property of CES aggregator, I have

pwe P 4+ (1 — ¢)wy P = P¥

Additionally, (P—PC) s decreasing with P, which means that, the larger the steady state price,
the smaller effect its deviation has in affecting aggregate price deviation. The value of steady
state price weight does not matter for the theoretical results. I will calibrate the value deliber-
ately.

Given that two types of firms might respond to shocks differently at a certain level of shocks’
volatility. The aggregate price response can be divided into five scenarios. Use o2 to denote the

2
relative volatility 24, I have
A

(

0 if 02 < o2 <272,

wedEarc (1 _ 2*2[%%10&(5%“?”) e if 02 <272 < 202 < 9%

[ocd€ue (1 - 2725+ ose)

Hwp (1 — ¢) (1 - 2—2[%+%10g2<03ﬂ> ]mt if 27 < o2 < €202 < 2%,

yg;

[wcébe,c (1—27%)

+wy (1l —¢) (1 — 2—2[§+%10g2(03)}> ]mt if 27202 < 02 < 2% < Lo?,

[woqbep (1—-27) +wy(l—¢) (1 —27%) }mt if 27202 < 2%% < 0% < 202
\

Since {¢ contains the response of aggregate price to monetary shock, the equilibrium price
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level is the fixed point of the mapping between the conjectured law of motion p, = hm; and
actual law of motion (previous equations). Because the response of first scenario is 0, I start

from the second one.

1. For the 2nd scenario, 02 < 27%% < {02 < 2%°

h = wcpmc (1 — 2_2[%+ilog2(52c03)]>

1+ (1—a)(oc—1)h
a+(1—a)o

oA )

— wed ou |(1+ (1 = a)(o = 1)h)]

(1—27"

There are two possibilities here:
(@) Assumethat{c =1+ (1 —a)(oc —1)h > 0, have

wep(l — 2750, )

:>h:oz—l—(l—oz)a—wmzﬁ(l—a)(a—l)

We take this solution back to the optimal attention allocation problem of constrained

firm to check the validity,

(1 —a)(o —Dwep(l —27 %0, ")
Y —weo(l —a)(o—1)
_ Y- (1—a)(oc — Dwep2 "o,
Y —wed(l —a)(o—1)
_ Y- (¥ = Dwed2 "o,
Y —wed(y —1)

=1+

Then both x}, - € (0,1) and x},; € (0, 1) are optimal choice at the fixed point if and
only if

¢ — (1= a)(g = Dwog2 o, 1)’

b—wsl =)o -1 | @

and

o, < 27F
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(b) Assume thaté{c =1+ (1 —a)(c —1)h <0 (i.e., h <0),[have

wed(1+2770; )

h:oz—i-(l—oz)a—wcgzﬁ(l—oz)(a—l)

<0

= a+(1—-a)o<wep(l—a)(c—1)

= a+(1-awed+ (1 —wed)(l—a)o <0

which is not possible since a € [0, 1], we € [0,1], ¢ € [0, 1]. Hence, this contradiction
rules out the possibility of decreasing equilibrium price given positive money supply

shock.

2. For the 3rd scenario, 272 < g2 < {202 < 2%

h = wedpéum,c (1 — 2‘2[5+i10g2(€%03)]> (1 — ¢)éw (1 _ 2—2[%+i10g2(03)]>

1+(1—a)(ec—1)h . ot .04
7 (1-2 |1+(1_a)(0_1)h|)+wU(1—¢)(1—2 E)

= weo

There are two possibilities here:
(@ 1+(1—-a)(c—-1)h>0

wep(l — 27" 1) +wy(l — @)(1 —27%o; )y
Y —wed(l —a)(o—1)

= h =

We take this solution back to the optimal attention allocation problem of constrained

firm to check the validity,

E=1+1—-a)lc—1)h

%~ (L-a)(0 — 1) fwed2op — wp(1— @)(1 - 2%, )]
Y —wep(l —a)(o—1)

Then both x}, .~ € (0,1) and x},; € (0, 1) are optimal choice at the fixed point if and
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only if
(o, €(277,2°) and o, € (277,27

b) 1+(1—a)o—1)h<0and2a—1>0

_ wep(1+27"0 ) +wy (1 — ¢)(1 — 27%0, 1) (¥)
Y —wed(l —a)(o—1)

=h

As I have proved in previous scenario, the denominator cannot be non-positive,

hence to have h < 0, I need to have,

1-27%1<0
1 <2 %!

o2 <27
which is contradicting with the optimal attention allocation condition 27 < ¢? <
dol < 228,
Therefore, for the third scenario, the only solution is

_ wed(l — 27" +wy(1 — @) (1 — 27" a 1)y
Y —wep(l —a)(o—1)

= h

3. For the 4th scenario, 272 < & 0? < 227 < 0?2

h = wedbae (1—277) +wp(1— ) (1 _ 2—2[%+ilog2<s?]a$>1>

L+{- Z)(U — Dh (1-27) +wp(1—¢)(1 - Q—RZ—A)

= weo
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_wod(1-27%)  weg(l—272)(1 —a)(o — 1) o oeewu(1=9)oa
h = " + 7 h+wy(l—¢)—2 o~
L o wed(1-27%) +wy (1= 9)(1 — 270

¥ —weg(l —a)(o = 1)(1 —272%)

We take this solution back to the optimal attention allocation problem of constrained firm

to check the validity,

&E=1+1—-a)(c—1)h
P14+ (1 —a)(o = Dwy(l —¢)(1 =277, ")]
Y —wed(l —a)(o —1)(1 —272)

Then both xj, - € (0,1) and x}3,; € (0,1) are optimal choice at the fixed point if and only
if

€0, > 2N, € (277, 2%)
4. For the 5th scenario, 272" < 2% < ¢2 < {202

h=wepbare (1—27) +wy(l — ¢)&y (1 —27%)
I1+(1—a)(c—1)h
= |we? a+ (1 —a)o
we¢ + wy(l — @)
¥ —wep(l —a)(o —1)(1 —272)

+wy(l—¢)| (1—27%)

= h=

(1—272)

We take this solution back to the optimal attention allocation problem of constrained firm

to check the validity,

c=1+(1—-a)lc—1)h

@)L+ (1= a)(o = Duwy(l—g)(1 - 272
a+ (1 —a)g—wep(l —a)(o—1)(1 —272)

Then both x}, - € (0,1) and x},; € (0,1) are optimal choice at the fixed point if and only
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if
o >2"No, > 2°

To sum up, the equilibrium price level under rational inattention is the fixed point of the
mapping between conjecture p, = him, and the actual law of motion in five different scenarios.

‘ . _
0 if af < 5%03 < 27

wed(l — 2750, 1)

T

Y —wep(l —a)(o—1)

my if 02 <272 < o2 < 2%,

wep(l —27%0 ) +wy(l— @)1 — 2750 )1
Y —wed(l —a)(o—1)

my if 277 < 02 < 202 < 2%,

Dt (31)
wed(1 —2727) +wy(l — ¢)(1 =2 "0, )
¥ —wed(l —a)(o —1)(1 —27%)

my if 272 < 02 < 2% < 02,

wed + wy (1l — @)Y
( ¥ —wed(l —a)(o—1)(1 —27%)

(1—2"2ym, if 2% < o2 < o

0 if 0<o, <277,

Y — (¢ = Dwed2 "o,
Y —wep(y — 1)

wed(l =270, ")
U —wed(W — 1)

m, if 0, < 27" < o, < 2%,

wed(l — 2707 Y) +wy(l — @)o(1 — 27%0; ")
pe= ¥ —wep(y — 1)

my if 277 < 02 < 202 < 2%,

wep(l —27) +wy(1 — )Y(1 — 2770, )
¥ —wed(y — 1)(1 —27%)

my if 27 < 02 < 2% < 02,

weg(1 = 27%) +wi(l— (L —27)
\ ¥ —wed(P — 1)(1 — 272+) '

o2 2 _ 2 2
it 27" <o; < &G0
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0 if o, <27,
_weop(l—27%0 1)

hy = b — o= 1) if 0, <27"<[1+ (¥ —1)h]o, <27,
B 1 1
St (-] 7 e

_ wod(1 = 2707 + w1 — $)(1 - 207 )

b ho b —oodo 1) if 27 <o, < [1+ (¥ —1)ho]o, < 2%,
hy = 2 E O N 20 ) i <o <2< [ (0= Do
et -2 bl gl -2 )
\ ([ B L

We can prove that the second scenario does not exist since without any strategic comple-
mentarity, constrained firms will not pay attention to aggregate shock, see Proof of Lemma 2.
Hence, there does not exist a situation where only constrained firms pay attention to aggregate
shock, so h; = 0.

For the third scenario, I need to pin down the range of o, by substituting %, into the range

yr < g < 2 = Dot + (1 = 9)0) + 240 — wed( — 1)
= V(1= v =1

Similarly, for the fourth scenario, I get

27" = D(wed +wu(l = 9)Y) +2°(Y —wep(y — 1))
Y +wy(l =) —1)

<o, <2°

Therefore, I have the thresholds for five scenarios and the corresponding price responses. m

A.3 Proof of Lemma 2

Proof. Recall the price response (31), in the second scenario I have

_ wep(1—27"0, ")

h = b — b0 —1) if 0, <27 < [1+(1/1—1)h1}ar<2“,
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Substitute h into the set of o, I get,

or) — (Y — Nweg2™"
Y —wep(y — 1)

=2 <o < 27"

o, <2<

which implies contradiction. Hence, the second scenario does not exist. m

A.4 Proof of Proposition 5

Proof. The proof simply follows from taking first order derivative of the price response function

with respect to o,, ¢ and ¢.

( 0 if o, € (0, 27"],

0 if 0, € (27%,A,],
oh
06 | Y0 —27")we[l —wy(1—27%0; )] — (1 - 270, HNwyt(1 — we(l —27%))]
[V —wed(y — 1)(1 — 272%)]2

(1 -2 well — wy(l —272%)] — wpY[l — we(l — 2729)]]
\ [ —wed(p — 1)(1 —272)]2

if o, € (A,, 27,

if o, € (2%, 00).

A.5 Proof of ¢pwe + (1 — ¢)wy =1, and we < wy
Proof. First, given the property of CES aggregator, I have

1

(pwe P + (1 — ¢)wy P )77 = P

:>¢CUC+(1—¢>&)U=1
Second, from firm’s optimal pricing decision, I have

" <m) (WT) (PO )

pU v R}(’QWO‘

v —1Aa%(1 — a)l—’
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The capital rental constraint (11) implies

_ pPC l—a W

Combine the previous three equations [ have P¢ > PV, hence wo < wy. ®

B Supportive Documents and Extensions

B.1 Comparison between Simple Model and Perfect Information Model

In an economy with only financial friction but all firms receive perfect information about both
aggregate and idiosyncratic shocks, unconstrained firms’ price deviation will be a one to one
mapping to nominal aggregate shock, i.e., monetary policy is neutral for unconstrained firms.
Recall that the price response of constrained firms to nominal shock is partially determined
by the aggregate price response (strategic complementarity), and partially determined by the
response of unconstrained firms. Therefore, the equilibrium price responsiveness is equal to 1
given the production function (8), and will not vary no matter how the fraction of constrained
firms changes. Money is entirely neutral for an economy with only financial friction but absent
from information friction, and the fraction of constrained firms do not affect the aggregate price
response.

Whereas, under rational inattention setting when the relative uncertainty o, is sufficiently
large, the fraction of constrained firms have an ambiguous impact on monetary non-neutrality
through the combined effect of strategic complementarity, real rigidity and capital rental rate.
If 0, is so low that constrained firms allocate non-zero attention to both aggregate and idiosyn-
cratic shock, then monetary non-neutrality is always decreasing with ¢. Whereas if o, is high
enough that constrained firm put all capacity in analysing aggregate condition, then the in-

stantaneous price response is decreasing in ¢, but long-run price response will be increasing in

.
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B.2 Comparison between Simple Model and Financial Frictionless Model

Now consider an economy without financial friction, i.e., only populated with unconstrained
tirms. The instantaneous equilibrium price response h will be as follows,

(

0 if o, € (0,27"],

T

h={1-2"0" if o, € (27, 27],

1 —27% if o, € (27, 00).

\

Compared with what Proposition 2 illustrates, the aggregate price in a frictionless financial
economy is categorized into three stages by different values of o, instead of four stages. For
o, € (0,A,], the two economy are identical in terms of aggregate price response. Whereas, the
third stage, i.e., o, € (A,,2") depict the key difference, which is that the real rigidity amplifies
monetary non-neutrality as a consequence of financial friction. Specifically, in the third stage,
unconstrained firms’ price response is still identical to the frictionless financial economy. How-
ever, since constrained firms have already devoted all their information processing capacity
in tracking aggregate shock, they cannot offset the sluggish response due to real rigidity by

shifting more attention to aggregate shock.

B.3 Heterogeneous Capacity

The model setting implies that larger and more productive firms are usually unconstrained
firms. However, it is natural to expect that larger firms possess higher information processing
capacity than smaller firms, i.e.,, kg > kg, given that larger firms usually have more mone-
tary/human resources. Under this assumption, the equilibrium price response can be catego-
rized with extra two more stages compared to homogeneous capacity case, which are: first,
only unconstrained firms pay positive attention to aggregate shock, i.e., k{; = 0 < kY, second,
constrained firms allocate all attention to aggregate shock whereas unconstrained firms are at
1

their interior solution, i.e., kK§; = k < kY, = kg + ;logy(0?). The following proposition sums

up the equilibrium price response.

53



Proposition 6 The equilibrium aggregate price response to aggregate shock at different o, is as follows

(

0 if o, € (0, 27"1],

(1 —wee)(l —27"0, ") if o, € (27, Ay,

wed(l — 270 1) + (1 —we)Y(1 — 2 FHg 1)
h = Y —weo(p — 1)

we(1 —2727) 4 (1 — wed)p(1 — 27" o)
¥ —wed(y —1)(1 — 2724x)

wep(l —2727) + (1 — weg)p(l — 27)
\ ¥ —wep(y —1)(1 =272

if or € (Ah A2]7

if Oy € (AQ, QHH],

if 0, € (2", 00).

where

2 g (i — 1)1 - weg)2
[+ (@ - D - weo)

_ 2 —wed(¥ — DI+ (¢ — Dwed2™™ + (1 — weg)2™™]

A B0 — oo — 1)

Proof. The Proof of this proposition is very similar to Proposition 2, see Appendix A.2. m

Here A, indicates the threshold when constrained firms start to allocate positive amount
of attention to aggregate shock, A, indicates the threshold when constrained firms reach their
information processing limit.

With heterogeneous information processing capacity, the distinction between attention allo-
cation of two categories are slightly different. Unconstrained (large) firms, given their advan-
tage in total capacity, will start being attentive to aggregate shock at a lower level of o, than
constrained (small) firms. With o, increasing, constrained firms will speed up in shifting more
attention to aggregate shock and overpass unconstrained firm at a certain level of o,, only if
the gap between «;, and xp is not sufficiently large. Figure 10 illustrates the difference: un-

constrained firms are more attentive to aggregate shock if o, € (2774, A3) U (22"27F# o0), and
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constrained firms pay more attention to aggregate shocks if o, € (A3, 2**27%#), where

A 27 = Dwed + 27 — wed( — 1))
’ (¢ — wed(¥) — 1)) (¢ — 25L—rn) '

Regarding price responses, due to the fact that constrained firms are experiencing an disad-
vantage in total processing capacity, the effect of strategic complementarity on attention cannot
tully offset their less responsiveness due to financial friction. Therefore, even for an interior so-
lution of both categories of firms, constrained firms are still less responsive than unconstrained
firms. As a consequence, monetary non-neutrality will be enlarged compared to the case with

identical processing capacity.
B.4 Alternative way of introducing financial constraint

Assume that the initial firm wealth follows an arbitrary distribution with cumulative distri-
bution function as F(A). Borrowing from Moll (2014) and Mehrotra and Sergeyev (2018), I

introduce the financial constraint in in the following way
Kip <A

where A;;_; is the wealth of firm i from last period and A denotes the leverage ratio. This
form of financial constraint implies that firms with insufficient initial wealth can only rent a
constrained level of capital which is below their optimal capital rental choice. Since this last
period’s wealth is a state variable which is independent of firm’s attention allocation problem,

the main results remain the same.

B.5 Capital Rental Price

The capital rental price R could be rationalized in the following way. Suppose that we have
a dynamic economy where firm choose investment for next period’s production by borrowing

external fund, following Bernake et al (1999), the optimal decision should satisfy

E (Pt+1MPKt+1 + Qe1(1 —6)
t

Qt ) - ]_ + Et(l.t,t—o—l)-
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where (), is capital price at period ¢, M PK,; is the marginal production of capital and 4, ;.
is the nominal interest rate. We can derive simplified rental price of capital to be used in the

simple model

1. Assume fully depreciating capital (0 = 1), we have the capital rental price as

Pt MPKyy = RE = (1+111) Qs

2. Assume that capital price equal to final consumption good price, i.e., P, = @, and con-
sumption good can be freely transformed to capital, we have

14941
Iy

MPK =141 +0

MPKy 1 +1-6= =1+ryun

Combining previous two assumptions, we have the rental price of capital in the following

form

1 C, 1 M
H+1MPKt+1 - R{,(?H’l = (1 =+ Tt,t—‘rl)-Pt-i,-l = BEt(il)Pt—&-l — _Et [ t+1:| Pt

Cl B

Note that this rental rate is the price of choosing capital used for production at period ¢ + 1.
Back to our simple model, the capital rented K, is utilized for production at period ¢, and the

rental price be paid should be RE. In a nominal economy, the rental price of capital is

K t t
t t I(Ct_l) ! =1 |:Mt 1

3 3 } fio

Recall firm manager’s decision making behaviour in the end of period ¢ — 1 is lined up as:

Stage 1: Firm managers with information set Z;;_; allocate their attention and choose the
optimal signals s;; € S;.

Stage 2: Firm managers receive signals and their information set is updated to Z; ;.

Stage 3: With the new information set, firm managers make their optimal pricing strategy
P, , and choose the optimal input combination (minimized production cost) to produce the

committed goods
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Given the time line of firm’s decision making process, I further assume that the capital sup-
plying intermediary rent capital to firm in the end of period ¢ — 1. Additionally, the rental price

is identical across all firms.

B.6 The Log-quadratic Approximation of Profit Function

Log-quadratic approximation of the profit function

I, = PisYie — Wiliy — R oKy
= W(pi,tapta my, ai,t)

N T11 92
T4 = 7T1Pi,t+_2 Dit + T12PitPt + T13Pi e + T14Di 1 Qi

e Desired price given full information and LQ profit function

12 T3 14
. * J—
FOC(pi,t) YD = TPt My — Gy
11 11 11

e Optimal price given information set Z; ; and LQ profit function

T T T
Pit = E[p;t’z.i,t] = —E[ﬁpt + —13mt]s%] - E[ﬁai,t‘sft]
11 T11 11
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Therefore, the profit function can be written as

Wiy = PtYie — WiLiy — Ri 1 Ky
= [I(P, ¢+, Py My, Ai )
— [I(PePit, PePt, MeMt| Aetiv)
= W(pi,mpm my, ai,t)

A T11 o
it = MPit T —-Diy + T12Pi,tDe + T3Pt M + T14Pit it

2
1 = AT [(1 = 0)2PY0 — 02 PP R AT
12 = (0' — 1))\?_1P(T—1M [(1 - O').le—g + O'p]quA_l}
T3 = /\?_IPU_IM [(1 - O')pjl_a - UPJqf1<R, )\j)ﬁ_lA_l}

T14 = /\?_IPU_IM [(1 — 0_)?]_1—0 - O'pJquA_l]

B.7 The Optimal Attention Allocation

Firm’s problem contains three decisions: the optimal input choice to minimize cost; the optimal
prices given input choices and signals; the optimal signal to maximize profit. The cost mini-
mization problem is solved in Appendix A.5. Here I show the optimal decisions for price and
attention allocation.

Constrained Firms

For those firms who are financially constrained, the optimal pricing decision under perfect
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information can be derived as follows

Pi;eVP Y Cr 1 _

[~ 1—v pv
H}?S( PYiy —WiLiy — Ry K = Pu P/ Cy — Wt(—Kl_aAt Jo — R K
<170‘)V W l—-a — a—1
R Sy O ey R
: a(v — -
APy
_ we -
= petrlar Y10l (\relprey)ioe gacl
it [Q(V — 1) Ai,t< j t t)
_ we -
Pq-i—(l a)v _ v aVhy )\y—lPV—lM 1—aKa—1
it [Q(V—l)} Ai,t( J t t)
B WaMl—a B
potii—aw _ v a VW Iy A\l prlyl-a fra-1
ut [Oé(V _ 1)} Ai,t ( j t )
a 11—« (I-—a)(v—1)
=~ WP, =C+—2 mM+——Y mM In P
e +a—|—(1—a)un t+a—|—(1—a)yn et a+(1—a)y n
1
- 1InA;,;
a+ (1 —a)v ’
1
= —  (InC, —In A, In P,
C+a+(1—a)y(n ¢~ Indi) +1In B
where € = - In 7 + (Z{IHQ;)?/) In\; + #‘fa)u In K and \; = 1 throughout the main

body of this paper. Thus, the log-deviation of firm i’s optimal price under perfect information

is

piy =P, —Ink

« N 11—« +(1—Oé>(V—1) 1
= — M+ —————m — a;
a+(1—ap ' Ta+(l-—aw oH—(l—oz)I/pt a+(1—ap
Lo v 1
=y +——Dp —
R
Define i = m as the degree of real rigidity. Small case notation generically denotes

log-deviations from steady-state levels throughout.
Guess that the equilibrium price responds to aggregate shock as p; = hm,, then the perfect

information pricing rule for all constrained firms is

., L1+ —-a)c—1)h 1
Dt = my — ————————~ Qi
’ a+(l—-—a)o a+(l—a)o
~~ d —
3] fa,c
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The optimal price with imperfect information is (by law of total variance)

2 2
c % Om M 0A A
2 = FElp’.|s; 4] = —_ +ny) — ——— (@it +1;
Diy [pz,t|5 =E&uc 02 4 12 (my Th,t) §ac 0%+ 12 (aiz 771,t)

After second-order Taylor approximation, the loss of profit due to price deviation is

2
i1 0]2\4 M UE} A ’
= éM,Cz—(mt + i) — fA,Cﬁ(ai,t + m,t) — (Ememy — Eaciy)

O+ Thr ’ T4+ Th
11 TJ%J 0%4 M 7’% ‘7124 ’
9 ( gM,CU%/I_i_T]%/[ t €M7CO']2\/[+7—]%4772¢ 514700_124_’_ gAC 2 + 2771t>
BT PN G s NP i R Vi
2 \"MC T (ok + i) Y (o)
_E 52 T]%4 6 Tj 2
92 M,C 012\4+ ]%/I M AC 1244_7_3‘ A
> o2
Mi|s Als
11 1 M2 o iy 2
=— oy + - M
2 (Shereot + Ehelro

Then firm minimise the profit loss by choosing x s subject to information flow constraint

1 o2 1 0%

-~ -~

KM KA
By taking FOC with respect to
151\[ 1"‘€ KM
fM c 12\/[4 = fA Ch 0A
1 1 4004
2k log, — = klogy — + 1 ’
fon 1082 7 = 108y + logy &, 0%
. k1 512\4@0%4
= Ky = 5 + Z 10g2 31’00124

k 1 o
=5+ log [(L+ (1 —a)(o - Dh)* 5|
éc
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Since I will have corner solutions, the optimal attention allocated to monetary shocks is

4

o f§2 UM > 92
. 1 1 2‘7%4 QUM 9% 02K : oM —k oK
HM,C: _K—i__lg(é'C 2) ff [2 72 ]71-e-/ 50_6[2 72]
2
0 ifgga—ﬂj <27
\ A

Unconstrained Firms
For firms that are free from financial constraint, the process for deriving the optimal choices

are similar with constrained firms. The perfect information profit maximizing price of uncon-

strained firm is

P* . 1% 1 WtaR}gtOé
bty lav(l —a)l—e A,
substituting (10)
v Ptl:la W (Mt/Mt—l)li
v—1p"2(1 — a)t-> Ay
v MPPEY (60)°M,
v—1p2a(l —a)t- A,

The optimal price that rationally inattentive unconstrained firm i sets is given by

Py =E [P}|T,]
_ v MEIPEY (¢)*B[M|T]
v—1p"72a(1 —a)l=>  E[A;+|Zi4]

Though, the optimal price of unconstrained firm depends on previous state variable, I can
argue that under Gaussian i.i.d shocks, there will be no intertemporal strategic decisions for
tirm to make. First of all, nominal demand is completely exogenous, which will not be affected
by any kind of firm’s decision. Secondly, given the fact that there are infinite number of firms,
each firm’s pricing decision has no impact on the aggregate price index. Hence, firm’s pric-

ing behaviour remain static under Gaussian i.i.d shocks. I will show, numerically, how it will
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become dynamic when shocks are serially correlated.
Assume that the economy is perturbed from the steady state (at time ¢ — 1), then at time ¢

the optimal price under perfect information is
p;'k,t =My — G4t

Similarly, I take second order Taylor-expansion to get the approximated profit loss

U
Ty
7(]7]15 _p_]t)

U
1

1 1

where ¥} denotes the second order approximation parameter of unconstrained firms.

The optimal amount of attention allocated to aggregate shock is «

1”]% 1’§7’$]\4
My T A
1 1 ?4
2k logy, — = Klogy — + logy —- =
4 4 oy
* Ry ol

Since I will have corner solutions, the optimal attention allocated to monetary shocks is

( 2

K if 0—];4 > 92
A
* 1 1 0—%4 ]2\/[ —2Kk 92K
HM,U = Eli + Zlogz(g) lf —124 [2 ,2 ]
2
0 f—f <27
\ 04

B.8 Log-deviation of Aggregate Price Index

See Proof of Proposition 2 for the derivation of log-deviation of aggregate price index.

B.9 Solution for Household’s Optimal Decisions

The household optimization solution of representative household’s problem consists of de-

mand functions for each firm-specific product, labour supply functions for each product line
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derived from the first order conditions. The resulting demand functions are give by

P\
Crp = N7 (?t) c.. (32)
t

The solution also delivers price indices for composite goods at two stages respectively

1
/1 <37t>1—u 1—v
0 /\j,t 7

‘Pt:

Labour Supply
Wy = ¢ P.Cy = ¢ M,

B.10 Firm’s Production Input Choices

Firms need to choose the optimal combination between capital and labour so as to minimize

cost and maximize profit function:
I, = P,Y;y — WiyLiy — rEK;
ot — Lagtdat 1,t4,t ri,t 2t
The cost minimization problem is

. K
min Wi Ly + 1K+
K ¢,Li¢ ’

s.t. Vi = Ai(L§ K )

The solution for cost minimization is

].—OZVVz‘7 o }/i, 1
Ka- (00) G
2,

a rk
L, = (-2 i l_a(ﬁ)l/a
n 1—aW;, Ay

1y
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The ratio between two inputs is

Ki,t l—« I/Vi,t
L4 o Ty

The marginal cost is

a,l—a
1 itTit

a*(l—a)l=> Ay

MCM =

which is not changing with output for unconstrained firm. Price is
v 1 z‘o,étrz‘l,;a

P =
Ty —lac(l—a)le Ay

Thus, the profit of firm j in period ¢ is

v 1
Yii(Piy — MCiy) :<1/ — 1Mcz'7t — MCi)Yis = o lMCi,tYi,t
1 P,
:)\l./_l M (Bt _VY
2,0 v — 1 C'Lat( Pt ) t
v— 1 VTV
=N Mk LRy,

which is increasing in \; ;.

C Figures
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Figure 6: Aggregate Price Response to Aggregate Shock with Different ¢

, <1073 Price response to 1% Impulse in m;
\ \ I \ \ I

Impulse responses to shocks of one standard deviation

1 3 5 7 9 11 13 15 17 19 21 23 25
Periods

NOTE: This figure illustrates how the impulse response of price after a 1% monetary shock varies with the fraction
of constrained firms. The black line is for the price response when ¢ = 0; the red line is for the price response
when ¢ = 0.23; the grey line is for the price response when ¢ = 0.6; the blue line is for the price response when
¢ = 0.8; the purple line is for the price response when ¢ = 1
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Figure 7: Inflation and Unemployment rate of New Zealand

Core inflation - sectoral factor model (annual % change)
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Source: Reserve Bank of New Zealand, Statistics New Zealand
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Figure 8: Response of Constrained Firm'’s Price to Shocks
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Figure 9: Response of Unconstrained Firm'’s Price to Shocks

Panel A: Price of Unconstrained Firm to 1% Impulse in m;,
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Figure 10: Attention allocated to Aggregate shock under Heterogeneous Capacity

Attention allocated to aggregate shock

14 T T T T
—— Unconstrained
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Relative Uncertainty o,

NOTE: This figure illustrates how firm’s attention allocated to aggregate shock changes with the relative standard
deviation between aggregate shock and idiosyncratic shock. The red solid line is for unconstrained firms, the blue
dashed line is for constrained firms.
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