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1. Introduction

This paper identifies a new coordination motive endogenously
induced by a central bank’s lack of commitment in the presence of
information imperfection. We show that when differentially informed
economic agents disagree about the central bank’s inflation incen-
tive, discretion in monetary policymaking induces agents to coordi-
nate by “forecasting the forecasts of others” in order to forecast the
central bank’s policy actions. We abstract from inherent interdepen-
dencies that have been studied in the past to isolate the cause and
the effect of the newly identified coordination motivel] In partic-
ular, our discretion-disagreement coordination mechanism compels
the central bank to choose monetary policy that responds to fluc-
tuations in the average belief about its inflation incentive which, in
turn, is what forces agents to coordinate by forecasting the forecasts
of others. As a result, discretion has the potential to vastly increase
fluctuations in employment and inflation, especially when the dis-
agreement among agents is low. More broadly, our paper makes an
argument for the inclusion of information diversity among agents
in monetary policy discussions and in the characterization of the
inflation dynamics.

We adopt two information imperfections involving the central
bank’s inflation incentive: (i) disagreement among individual agents,
and (ii) the average forecast error of all agents. Specifically, agents
forecast future inflation incentives imperfectly and asymmetrically
with a private signal that contains a common noise and an idiosyn-
cratic noise. The common noise yields a stochastic average forecast
error, and the volatility of the idiosyncratic noise governs disper-
sion of the individual forecasts around the average forecast. Sur-
prisingly, we find that in equilibrium under discretion holding fixed
average forecast accuracy, more agreement among agents destabi-
lizes employment and inflation. Equally surprising, we find that
more accurate average forecasts also destabilize employment and

!Coordination motives may also arise from inherent interdependencies among
actors, either through technology linkage (Angeletos and Pavan 2004, 2007), infor-
mation extraction (Townsend 1983), monopolistic competition (Woodford 2001),
trading (Angeletos and La’O 2013), or beauty-contest preference (Morris and
Shin 2002).
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inflation in equilibrium under discretion when agents are suffi-
ciently in agreement with each other. In effect, more agreement
among agents coordinates forecasts more tightly and magnifies
the effect of the common noise on employment and inflation via
the central bank’s more aggressive reaction to the average fore-
cast. The magnified common noise constitutes an information-based
source of macroeconomic instability which has not been identified
previously.

The coordination problem we identify exists only under discre-
tionary monetary policy. The problem goes away when the central
bank follows a credible rule, even in the presence of imperfect infor-
mation. Specifically, with commitment, the central bank can uni-
laterally and uniformly anchor each individual firm’s expectation
by credibly specifying both current and future policies. As a result,
the central bank’s equilibrium policy actions would be based upon
the predetermined decision rule known to all firms. Although this
rule may depend on future shocks to the inflation incentive that are
imperfectly known to firms, firms can simply estimate these shocks
by constructing first-order beliefs, without necessarily constructing
(higher-order) beliefs about others’ beliefs.

Without commitment, the central bank’s current action loses
control of the average current expectation of its future policy actions
and, worse, it must react to its assessment of the average expec-
tation. Therefore, when an individual agent forecasts future pol-
icy actions, the agent must forecast the average expectation which
depends on other agents’ forecasts. As a result, the average (first-
order) belief of future policy actions now depends on the average
forecast of other agents’ forecasts, or the average second-order belief.
Similarly, the average second-order belief would, in turn, depend on
third-order beliefs, and so on.

In equilibrium under discretion, the aggregate variables such as
output and inflation are functions of the average forecast of future
monetary policy actions; the average forecast is determined by a
hierarchy of higher-order beliefs which, in turn, depends on the prop-
erties of the average forecast and the degree of disagreement. Rec-
ognizing the complexity of the problem, we characterize the effects
of higher-order beliefs on aggregate variables in a linear manner
within a New Keynesian (New Synthesis) macroeconomic model,
solved in closed form with a class of normally distributed signals.
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With this specification, equilibrium inflation and aggregate output
respond to the average forecast error linearly. The degree of disagree-
ment, among other model parameters, affects the equilibrium sensi-
tivity of inflation and output to the average forecast error because
the degree of disagreement affects the aggressiveness with which the
central bank, under discretion, is forced to respond to the average
forecast error.

Given the equilibrium monetary policy, inflation and output
become more volatile due to the addition of the shock on the aver-
age forecast. The induced coordination—the cause of heightened
macrofluctuations—makes the problem especially pronounced due
to a “multiplier” effect of the average forecast error. This is because
the same private signal is used for each level (ladder) in the indi-
vidual higher-order belief hierarchy; averaging across all individuals
eliminates the idiosyncratic noise but not the common noise. Thus,
the common noise is retained at each higher-order level of the aver-
age belief, magnifying the noise contained in the average forecast in
equilibrium. When a discretionary central bank reacts to the average
forecast, the magnified average forecast error enters into aggregate
inflation and output, generating volatility due to the information
imperfection beyond those “real” shocks commonly studied such as
cost-push or demand shocks.

Facing such a pronounced problem caused by information imper-
fection, the conventional wisdom would suggest that reducing the
volatilities of the information shocks would be desirable. We find
that this intuition does not hold generally. Holding fixed the average
forecast-error volatility, a higher degree of disagreement among
agents makes them less coordinated, as each firm relies less on its
signal when forming expectations about future policy actions. The
central bank, in turn, becomes less responsive to the average forecast.
Thus, fluctuations in employment and inflation due to information
shocks are lower with a higher degree of disagreement. So narrowing
the degree of disagreement would introduce more economic fluctua-
tions and destabilize inflation and output.

On the other hand, holding the degree of disagreement fixed, an
increase in the precision of the average forecast creates a trade-off
between a direct reduction in the size of common noise and an indi-
rect increase in sensitivity to the noise. Specifically, an increase in
the precision directly reduces the common noise in the central bank’s
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equilibrium monetary policy, leading to less volatility in the output
and inflation series holding fixed the central bank’s reaction sensi-
tivity. However, when the precision of average forecast increases, all
agents are better informed about future inflation and adjust their
inflation expectation; the discretionary central bank’s reaction to
the aggregate expected inflation, which includes the error therein,
adds more volatility to equilibrium inflation and output. When the
degree of disagreement is high (low), the trade-off favors the direct
(indirect) effect. Consequently, reducing the average forecast-error
volatility stabilizes employment and inflation in equilibrium only
when the degree of disagreement is high enough.

Our model specification borrows key elements from two dis-
tinct literatures: (i) macroeconomic research focusing on monetary
policy and (ii) information economics research focusing on infor-
mation structure. Based on the large literature on monetary pol-
icy research, we deploy the structural equations summarizing key
insights from the New Keynesian model as described in the sur-
vey paper by Clarida, Gali, and Gertler (1999). Our model shares
with Cukierman and Meltzer (1986), an early work on central bank
opacity, a key feature that the central bank inflation incentive is sto-
chastic and perpetually obscured. From the information economic
research, we draw from research on information structure by econ-
omists as well as accounting researchers. The key element of our
information structure—correlated private signals—has been used in
the studies of financial markets (Holthausen and Verrecchia 1990)
and recently has been studied in coordination settings with inherent
interdependencies (Myatt and Wallace 2012; Liang and Zhang 2019).

To appreciate the connection this paper makes, consider the two
debates in monetary policy that have received much academic, prac-
tical, and policy attention. The rules-versus-discretion debate has a
long and varied standing. According to McCallum (1999, p. 1485),
a “major reorientation” dates back to Barro and Gordon (1983a,
1983b) “built upon the insights of Kydland and Prescott (1977).”
As is well known, the main insight identified by this literature is
that discretionary policies suffer from the time-inconsistency prob-
lem: the market participants’ rational expectation renders discre-
tionary policies, designed by a benevolent central bank, ineffective
and, worse, generates unnecessary inflation and economy fluctu-
ations. The transparency—opacity debate in monetary policy can
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be traced back to Cukierman and Meltzer (1986) and Goodfriend
(1986). This debate explicitly considers the potential information
asymmetry between the central bank and the market participants
(see, e.g., the survey by Geraats 2002). For example, collectively
the public may perceive a lack of access into the workings of the
central bank in promulgating monetary policy, leading to a per-
ceived opacity of the central bank (e.g., Winkler 2002). Our paper
bridges the two debates by identifying the link in between. In this
light, our paper is related to that of Morris and Shin (2005), who
also point to the connection between central bank discretion and
transparencyE Interestingly, Morris and Shin (2005) also stress the
preeminent role of managing expectations in linking the debate of
central bank transparency and monetary policy to the extent that
the central bank manipulates market expectations via communica-
tion and, at the same time, extracts information from market prices
to guide monetary policy. In a sense, our paper complements the
insight of Morris and Shin (2005) by outlining an alternative mech-
anism through which market expectations about the central bank’s
policy target interact with the monetary policy the central bank sets
at its discretion.

Students of central banks have long noted the importance of the
disagreement among individuals. For instance, Brunner (1981) stud-
ies the disagreement among individual agents’ subjective perceptions
of the monetary policy. King (1982, 1983) and Dotsey and King
(1986) study the informational implication to monetary policy when
differentially informed agents extract endogenous information from
prices. Outside the two debates on central bank discretion and trans-
parency, the pioneering idea by Phelps (1983) has stressed the lack
of common knowledge in explaining the aggregate economic dynam-
ics. The initial work by Townsend (1983) analytically formulated the
idea of forecasting the forecasts of others. Woodford (2001), among
other recent works, relies on finite information-processing capacity

2Morris and Shin (2005, p. 1) articulate a general point about this link from a
political economy perspective: “In light of the considerable discretion enjoyed by
independent central banks, the standards of accountability that they must meet
are perhaps even higher than for most other public institutions. Transparency
allows for democratic scrutiny of the central bank and hence is an important
precondition for central bank accountability.”
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(Sims 2003) to show that informational disagreement among individ-
uals leads them to construct beliefs about others’ beliefs, or higher-
order beliefs, within the contemporary framework of macromodels.

More recently, Benhabib, Wang, and Wen (2015) study an infor-
mation friction caused by a timing friction: firms must make a pro-
duction decision before demand is realized, while consumers must
make labor supply and consumption plans before production is real-
ized. This timing friction, coupled with aggregate sentiment in con-
sumer demand, gives rise to endogenous aggregate fluctuations with-
out any assumptions on technological externalities, non-convexities,
etc. Absent in Benhabib, Wang, and Wen (2015) is the role of
a central bank; thus the information friction we study is not the
focus of their paper. The monetary policy is present in Paciello
and Wiederholt (2014) in which information friction comes from the
(in)attention to aggregate conditions paid by the firms, either exoge-
nously or endogenously, when making individual production deci-
sions in an economy described by standard New Keyesian model, the
same framework we used. However, Paciello and Wiederholt (2014)
consider a monetary policymaker with full commitment capabilities,
an assumption we do not make in our paper. In Hellwig and Veld-
kamp (2009), the focus is on how exogenous coordination incentives
affect agents’ individual endogenous information acquisition, leading
to the idea of “knowing what others know.” The agents in our paper
do indeed desire to know what others know (i.e., forecast of others’
forecasts), but their coordination incentives are induced by a cen-
tral bank unable to commit, as opposed to being exogenously given
in Hellwig and Veldkamp (2009). In addition, the roles of diverse
information and higher-order beliefs in large economies are also stud-
ied by Angeletos and Lian (2018), Angeletos and La’O (2020), and
Angeletos and Huo (2021) in an emerging literature on incomplete
information in macroeconomics (see Section 8 of the excellent sur-
vey by Angeletos and Lian 2016). However, they focus on dispersed
information about the state of the economy as opposed to our focus
on the dispersed information about the discretionary policy target of
the central bank. Our paper complements this literature by adding
a new coordination motive driven by central bank discretion and
transparency.

The rest of the paper proceeds as follows. Section 2 lays out
the basic macroeconomic framework and the key elements of our
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information assumptions. Section 3 analyzes the resulting model
and constructs the central higher-order-belief arguments. Section 4
analyzes a parameterized version of the model. Section 5 concludes.

2. Model Setup

2.1 A Simple Macroeconomic Framework

The economy is populated with a central bank that takes the nomi-
nal interest rate as the instrument of monetary policy, a representa-
tive household, and a continuum of firms, indexed by [0, 1]. Rather
than deriving the optimal conditions for the household and firms, we
describe the operation of the economy by a set of structural equa-
tions that can be derived from log-linearizing optimal consuming
and profit-maximizing conditions (as in Gali 2008). Let y; and y?
denote the logs of the aggregate economy output and the potential
level of the output. The potential output is the level of output that
would arise if wages and prices were fully flexible, but it may be lower
than the efficient level due to existing frictions such as monopolistic
competition, taxes, and subsidies. Define the output gap z; as the
difference between y; and y?:

In addition, let 7; be the inflation rate from period t — 1 to ¢.
First, there is a New Keynesian Phillips curve that links inflation
m; to output gap x;, generated by the firms in the economy:

Wt:)\xt+,8Ef7Tt+1+ut, (2)

where 8 € (0,1) denotes the discounting factor and Ef [] denotes
the average belief of the firms, i.e., Ef [] = fol Ey [-|I}] di, with firm
1’s information set I;E The shock u; follows

Up = PuUp—1 + Uy, (3)

3For simplicity, we assume in our main analysis a reduced form of Phillips
curve (2) in line with the standard New Keynesian Phillips curve when informa-
tion is complete. As noted in Angeletos and Lian (2018) and Angeletos and Huo
(2021), with incomplete information, the Phillips curve varies from the standard
one. Accordingly, to assess the robustness of our analysis, we analyze in Section
5 a variant of our model with a microfounded Phillips curve.
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where p, € [0,1) and 4, are i.i.d. random variables with mean 0 and
variances 2. The Phillips curve can be derived by profit-maximizing
conditions by firms that compete with each other monopolistically
and face nominal price rigidities (Calvo 1983; Yun 1996; Woodford
2008). The key feature of the Phillips curve is that the average
expected inflation E[" [] enters, which creates a role for the beliefs
of the firms in affecting equilibrium inflation and output levels. This
role, in turn, influences the central bank’s monetary policy in equi-
librium, making it partially self-fulling.

Second, there is a dynamic “IS” equation that describes the rela-
tion between real interest rate and output gap generated by the
representative household in the economy:

Ty = —¢ry + Eﬁle + 9, (4)

where 7; is the real interest rate (from period ¢ to period ¢+ 1) and
EH [] denotes the expectation by the representative household. g
is a shock that follows,

gt = PgYt—1 + Gt, (5)

where pgy € [0,1) and g are i.i.d. random variables with zero mean
and variances 03. The IS equation can be derived from log-linearizing
the Euler equation of the representative household.

Third, a Fisher equation links the nominal interest rate to the
real interest rate and the representative household’s expected infla-
tion. Let ¢; be the nominal interest rate from period ¢ to ¢ + 1:

it:Tt+Eg_I7Tt+1. (6)

Replacing 7; in the IS equation with r, = iy — Eymi41 in the Fisher
equation gives a modified IS equation,

Ty = —¢ (it - Eflﬂtﬂ) +Efzi1 + g1 (7)

The central bank in period ¢t minimizes deviations of aggregate
output gap and inflation from their respective targets:

%Et {Z BT [O‘ (Tt4r — kt+7)2 + TFE_H_} } ’ (8)
7=0
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subject to the Phillips curve (2) and the IS curve (7), where « is the
relative weight on output deviations. We interpret the loss function
as endowing the central bank a dual mandate: a zero-inflation target
and output gap target. We assume that the target for the output
gap is k;. Adapting Barro and Gordon (1983a), k; represents the
extent the central bank intends to raise actual output above poten-
tial (toward efficient output). For example, k; = 0 implies that the
central bank is satisfied with aggregate output at the potential out-
put level (but below the efficient level)H When k; > 0, the central
bank has an incentive to target actual output above the potential
level, generating an incentive to inflate. As is typically done, we will
use k; to represent both higher output target than potential and
inflation incentives interchangeably.

Critically, the inflation incentive is thus time varying in this
paper, unlike in standard models such as that of Clarida, Gali, and
Gertler (1999). In essence, this assumption implies that the central
bank knows something more about its own preferred output gap
target than the market collectively. Empirically, the assumption is
consistent with the facts that financial markets respond to U.S. Fed-
eral Reserve (Fed) actions and market participants spend significant
effort in Fed watching, a point made by a recent paper by Stein
and Sunderam (2018). Further, there is a long literature on central
bank secrecy/transparency dating back to the 1981 Supreme Court
case favoring the Federal Open Market Committee’s (FOMC’s) posi-
tion of delaying the release of meeting minutes, a practice criticized
by academics such as Goodfriend (1986). While Fed transparency
and accountability has increased after many years, some ambigu-
ity and flexibility (about its own internal policy targets) remain in
the process of Fed policymaking according to long-time observer
Lars Svensson as recently as 2022 (see King and Wolman 2022).
We believe these observations and past academic work support our
assumption on the time-varying inflation incentive k;.

4One may interpret a zero or low k; as either the central bank truly believes
that potential output is very close to efficient output or that potential output
is far below efficient output but a discretionary central bank recognizes its own
limitation due to the time-inconsistence problem and chooses to tolerate the
inefficiencies and thus lower inflation incentive.
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2.2 Information Environment

We first describe in detail the information environment, followed
by a description of the resulting updating mechanism used by each
firm when forecasting central bank’s future inflation incentive. Every
period, two standard macroshocks {u¢, g: } and the inflation incentive
shock k; are contemporaneously observable to all firms, the repre-
sentative household, and the central bank. The incentive shock k;
follows,

kt — ];? = Pk (ktfl — ];7) + vy, (9)

where pp € [0,1) and vy ~ N(O,%). As a result, k; ~ N <l%, q%)’

where £ > 0 and g, = ¢ (1 —pi).

In addition, each individual firm receives a private foreknowl-
edge about future inflation incentive. Specifically, at time ¢ firm
receives a signal s +; informative about the j-period-ahead inflation
incentive shock ks ;. The signal is modeled as

Sipj = Keaj + g + i (10)

where 7;4; ~ N (0,-1) is common across firms and E%_H ~ N (0,1)
is idiosyncratic among firmsf Each private signal contains two
shocks representing the two information imperfections. First, the
average signal is a forecast of the future inflation incentive but with
error, measured by 7;4;. Denoting 5,4 ; = fol st +;di the average

signal of all firms, we have
L
—
(1

The volatility of average forecast error is measured by its variance
%. The larger m is, the more precise 5; is about the central bank’s

Average Forecast Error: 5,1 ; — ki = mq; and  Var(ny;) =

~—

5s§+]~ can be interpreted as a sufficient signal summarizing any new infor-
mation regarding k.y; that arrives in period ¢. It can be interpreted as from
(unmodeled) private information acquisition, central bank disclosure, or learning
from observing noisy signals of past inflation and output gap, etc. (Cukierman
and Meltzer 1986; Stein and Sunderam 2018). Section 5 includes an extension that
firms learn k:4; based on their observation of an endogenous aggregate variable.
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incentive k;. Second, the idiosyncratic shock in each signal generates
disagreement among agents:

. ) , 1
Disagreement: s;, ; — 5145 = €, and Var(eyy;) = —, (12)
n

at any time ¢ and firm ¢. The degree of disagreement among firms
is measured by %, the variance of €i. The larger n is, the smaller
the disagreement across firms. Notice that our specification of the
information structure allows us to capture the precision of average
forecast error independently from the disagreement among firms.
Adopting an information structure capturing disagreement indepen-
dently from average forecast error is critical for our model. If each
private signal only contains idiosyncratic noise, the average forecast
would be perfect by assumption, no matter what other imperfect
public information is available[d In this regard, our modeling choice
is motivated by insights generated by the decades of theoretical
research on accounting information structure

5Tn effect, making this seemingly common and innocuous information assump-
tion would inadvertently build in a collective rationality that precludes analysis
of the kind of coordination mechanism that we study here. To see this more
explicitly, consider an alternative two-signal structure as in Morris and Shin
(2002). To fix ideas, suppose that each agent observes a purely public signal
Zt+j = kiy; + ¢e+; and a purely private signal siH = ki + Xiﬂw where the
noise terms are all independent of each other. Note that in this structure, we
no longer have separate parameters capturing the degrees of disagreement and
collective knowledge. To elaborate, note first that in the two-signal structure, col-
lective knowledge is perfect through aggregating all the private signals siﬂ, ie.,
the average of all private signals §:4; = [ si_,_jdi = ki+;. Second, the disagreement
is jointly determined by the precision of the public and the private signals. To
see this, note that each agent’s posterior belief about k;1; is a weighted average
of the public and the private signals. Intuitively, when the public signal becomes
more precise, each agent places more weight on the public signal, resulting in less
disagreement in their posteriors about k:+;. Conversely, when the private signal
becomes more precise, each agent places more weight on the private signal, con-
tributing to more disagreement in their posteriors about k;+;. Accordingly, given
the different informational properties of the two-signal structure from those of
our information structure, switching to the two-signal structure would alter the
implications of our analysis for the roles of disagreement and collective knowledge
considerably. We thank an anonymous reviewer for suggesting that we discuss the
two-signal structure.

"Starting in the late 1960s and early 1970s, accounting researchers began
linking accounting concepts to information economics concepts (see American
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Every period, firm i uses information set I} to forecast relevant
future shocks in order to form beliefs about future inflation. We
assume firm 7’s relevant information set is

=L do s Y L) )

which includes all the past observations of k; up to period ¢ and all
the past acquired signals s’ up to period ¢ + j1 Using I} to update
beliefs about future k follows Bayes’s rule

Every period t, the central bank’s information set is ItCB =

Hu Y gty (ko {5,155}, and it chooses policy instru-
ment i; to achieve its objective This assumption is supported
by the observation that a central bank is typically endowed with

Accounting Association monographs by Feltham 1973 and Mock 1976). The
agenda is to build on the traditional approach under a purely measurement per-
spective and to tie the accounting measurement concepts to economic trade-off in
decisionmaking under uncertainty. A seminal contribution is by Ijiri and Jaedicke
(1966), who framed objectivity within statistical sampling setting as interpersonal
agreement and related it to reliability. Ijiri and Jaedicke introduced two proper-
ties of accounting measurement structure. One is the distance between the true
state and the average measurements, which we define as average forecast error in
our paper. The other one is the distance between the average measurements and
measurements by different measurers, which we define as disagreement.

8Th_e sources of information available for each firm are exogenously given. We
view I; as sufficient statistics for firm ¢ to forecast future inflation at time ¢.
Endogenous information sources may include potentially noisy observations of
output and prices such as nominal interest rate and inflation series. We abstract
away from these endogenous sources to focus on the role of disagreement, however
it is generated, on macrovariables.

9The computations of first-, second-, or higher-order expectations can be very
simple or quite complex depending on parameters. Consider a simple case of j = 2
and pr = 0; in order to form a first-order belief about next period’s inflation
incentive kiy1, the firm ¢ would only use si,; to compute its individual condi-
tional expectation of k:++1 (as all other signals are useless due to the independence
assumptions). For a computation of the (higher-order) beliefs, see the discussion
of Proposition 2 in Section 4. When pj is not zero, these expectation computa-
tions involve more terms, as more signals are now informative about future central
bank incentives. For example, with a non-zero px, {kt, s§+1, Sit2, ... Siy;} areall
informative about k:+1. See Proposition 2 in Section 4 for a detailed account of
such first-, second-, and higher-order expectations when the inflation incentives
k¢’s are serially correlated.

0Technically in a simultaneous-move game, a Nash equilibrium only requires
the central bank to choose a best response to average expectations, not neces-
sarily to observe the actual average expectation. Therefore, the observability of
average signals by the central bank is inconsequential.
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more information than an individual firm. The representative house-
hold’s information set is I = {{uT}tTZO , {gT}tT:O , {kT}tTZO}, and
it chooses intertemporal consumption with rational expectation. As
we will show later, the Phillips curve that effectively determines the
equilibrium inflation and output gap does not include the expec-
tation of the representative household EF[]. As a result, B[]
(thus the household’s information set) affects nominal interest rate
through the dynamic IS curve but does not affect the equilibrium
inflation and output.

3. Preliminary Policy Analysis with
Disagreement and Discretion

We assume that the central bank conducts a discretionary monetary
policy each period. In a typical period t, the firms and the central
bank simultaneously decide their actions. Specifically, the central
bank chooses the nominal interest i; given its information set IS5,
while each firm forms an expectation (forecasts) about the inflation
rate in the next period, given its information set I} and its conjecture
about the central bank’s future actions. In short, the players play
a simultaneous-move game according to their best response given
their own information set. This section provides the preliminary
analysis needed to construct the closed-form equilibrium outcome
in Section 4.

3.1  First-Order Condition for the Central Bank

Since the central bank cannot commit, it only chooses the current
nominal interest rate i; (but not future rates) that solves the follow-
ing optimization program:

1 — o7
min S E {;}5 [a (@err — kepr)” + 7T752+T] } :

1t
st xp=—¢ [it - E15H7Tt+1] + Bz + g1,
Tt = )\.Tt + 6EtF7Tt+1 + Ug. (14)

Following Clarida, Gali, and Gertler (1999), we solve the optimiza-
tion program in two stages: first, we solve for the pair of (z, ) that
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maximizes the objective given the Phillips curve (2); second, we use
the IS curve (7) to determine the nominal interest rate i; that sup-
ports the optimal pair of (x, 7). Throughout the paper, since we
are mostly interested in the equilibrium properties of inflation and
output, we will focus on analyzing the first stage. Accordingly, we
will omit the superscript F' in expectation notation Ef and use E;
to represent average expectation by the firms in the rest of the paper
to simplify exposition. In the first stage, notice that since the cen-
tral bank, under discretion, cannot credibly change the firms’ beliefs
about its future actions, it takes the firms’ expectations as given.
As a result, the optimization problem for the central bank can be
simplified into

1
nin, 5 [a (¢ — ko) + wf} + F,

s.t. Tt = )\l‘t + ft7 (15)

where f; = ﬁEﬂTH—l +uy, and Fy = %Et {Ziozl B [a (s — kt+7)2
+ 72 +T] } The first-order condition on z; gives

A
Ty — ——T¢ + I{;t. (16)
«

The first-stage solution reveals that the central bank must choose
its policy instrument (in the second stage) to respect Equation (16).
Holding k; constant, a central bank seeing a positive (cost-push)
shock wu; that pushes current inflation m; higher via the Phillips
curve would choose a policy to reduce current output, thus lowering
the output gap z;. Equation (16) also shows that the central bank
is tempted to raise the output gap by ki, holding the (cost-push)
shock u; constant. The higher the k;, the higher the central bank’s
temptation to push up the output gap.

1To focus our attention on the role of higher-order beliefs on monetary pol-
icy, we ignore alternative equilibria involving reputation (using, e.g., grim-trigger
strategies) which could support a more efficient outcome (see text by Mailath
and Samuelson 2006). See footnote 26 on page 1671 of Clarida, Gali, and Gertler
(1999) for background and explanations.
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Substituting the first-order condition (16) into the Phillips curve
(2) reveals inflation expectation dynamics generated by the central
bank’s best response:

a\ af - Q
aat T oy el & o

Tt = (17)
Equation (17) suggests that the central bank must respond to
changes in average expectations £, [m¢+1] in determining inflation.
The higher the expected future inflation Ej [m;y1], the higher the
actual current inflation m;. In this sense, (17) captures the self-
fulfilling nature in monetary policymaking. The coefficient before
E; [meq1], ﬁﬁv € (0,1), thus measures how responsive the actual
current inflation is to the expected future inflation.

3.2 Forward-Recursive Solutions of Phillips Curve
under Disagreement and Discretion

We solve for m; through forward-looking iteration. Iterating (17)
once gives

« n af « B 1+ aA
u u —_—
at+ A2 a2 a Az T e

af a\ - of 2
axvarplillel T (T5g) Bl (8)

ke

Ty =

The key observation is that, in contrast to symmetric information
case (i.e., no disagreement), the law of iterated expectation does not
hold for average beliefs by differentially informed firms (Morris and
Shin 2002) 4 That is,

EE []# B[] (19)

In fact, E;FE; 1 [] corresponds to the second-order average beliefs of
the firms, i.e., the firms’ beliefs about the others’ beliefs, which may
differ substantially from the first-order average beliefs E; [-] when

'2We will verify this point once we specify information structure for firms in
the next section.
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firms are differentially informed about central bank incentives. Sim-
ilarly, a third-order belief term would show up when Equation (17)
is iterated twice, and so on. Because of the failure of the law of
iterated expectation, we must characterize the entire hierarchy of
higher-order beliefs, all of which depend on the firms’ current infor-
mation set (I}) and affect the equilibrium monetary policies. To
simplify notations, we denote the I-th order beliefs as E! [-], where

E_Ié H = EtEthl...EtJrl,l H . (20)

We find that the iteration of (17) converges and gives m; as a func-
tion of the higher-order beliefs, as summarized in the proposition
below.

PROPOSITION 1. In equilibrium, the inflation rate m; depends on the
sum of the higher-order beliefs about {kt+l}§zgo, i.e.,

a b+ U
a+ X" a(l—Bpu) + N

o0 !
" {Z (aiB)P) ai)\)\zEé [kt+l]} : (21)

=1

Ty =

Before we consider the specific linear-normal information struc-
ture laid out earlier, we note that the coordination problem we iden-
tify exists only under discretionary monetary policy. The problem
goes away when the central bank follows a credible rule, even in the
presence of imperfect information. Specifically, with commitment,
the central bank can unilaterally and uniformly anchor each individ-
ual firm’s expectation by credibly specifying both current and future
policies {my 4 }.- . As a result, the central bank’s equilibrium policy
actions would be based upon the predetermined decision rule that is
known to all firms. In equilibrium, firms’ forecasting problem would
then reduce to simply estimating the unobservable shocks in the pre-
determined rule—for instance, the central bank’s inflation incentives
{kiy-}22 ;—Dby constructing first-order beliefs about them, without
necessarily constructing (higher-order) beliefs about others’ beliefs.

Without commitment, however, the central bank’s current action
loses control of the average current expectation of its future policy
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actions and, worse, it must react to its assessment of the average
expectation. All firms know that the central bank will adjust its
actions in response to the firms’ aggregate expectations, Ej [my1],
every period. In mechanical terms, the central bank will choose the
pair of {z;,m} for a given E;[m;11], the aggregate expectation of
its own future action, based on the Phillips curve relation. From
an individual firm’s perspective, since others’ forecasts collectively
affect the central bank’s monetary actions—which, in turn, affect the
very inflation rate it wants to forecast to begin with—it must also
forecast the forecasts of others. In this process, rationality dictates
that it must form beliefs about others’ beliefs about {ki1}.,, oth-
ers’ beliefs about others’ beliefs, and even higher-order beliefs. These
beliefs in turn determine individual forecasts of all firms, which col-
lectively influence the equilibrium inflation through the self-fulfilling
feature embedded in the modified Phillips curve (17). Notice that
from Equation (21), the relative importance of higher-order beliefs
is determined by %, the responsiveness of the actual inflation to

the expected future inflation. If %ﬁ)\g = 0, the equilibrium inflation
becomes independent of the aggregate expectation, making it unnec-
essary for each firm to forecast others’ forecasts. As a result, all the
higher-order-belief terms vanish.

3.3 A Closed-Form Forward-Recursive Solution

As a matter of exposition and practice, we believe allowing two-
period-ahead foreknowledge (i.e., setting j = 2) is sufficient, in part,
because it allows a closed-form solution to the full equilibrium (the
derivations for the cases with j > 2 are similar but less analytically
tractable) Specifically, at any period t, a firm’s information set is

Il = {{uT}’;:O , {gT}tT:O,{k;T}::O , {s’T}tTJjo} To proceed, we first

remove redundant elements in the firm’s information set. First, at

13 As it turns out, if firms only have one-period-ahead foreknowledge about the
inflation incentive (i.e., j = 1), the higher-order beliefs would become degener-
ate such that all higher-order beliefs would coincide with the first-order beliefs.
Accordingly, absent non-degenerate higher-order beliefs, firms’ signals would be
used to forecast the inflation incentive but not the forecasts of other firms. Hence
the implication of our model for central bank transparency would also change.
Detailed analysis is available upon request.
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each period t, observe that {kT}tTZO are commonly known and are

sufficient statistics for signals, {si}izo,
are {si ,,si, ,} when forecasting future k’s. Second, since k; fol-
lows an AR(1) process, k; is a sufficient statistics for all the past
{k:T}tT_:%. To sum, a firm’s information set can be simplified into
I} = {ky, s} 1,55, 5} for the purpose of forecasting future k’s.

The following proposition provides the closed-form solutions to
the higher-order beliefs terms:

so the only useful signals

PROPOSITION 2. When j = 2, the I-th order average beliefs become

_ L _ y Sth0 — k
Bl = kot o {0 = w01 B b = Rt b +0 @) 2222,

(22)
where Et [kt+1 — ]_'C‘Si+1, kt] = ﬁpk (kt — E)—F% (§t+1 - ]_f)
and w (1) is a constant given in the appendiz.

Proposition 2 suggests that E; [kt+1|sf;+1, k:t] and 5;49 are the
two sufficient statistics for period-t firms to forecast the average
higher-order beliefs about the central bank’s future inflation incen-
tive. To further illustrate the construction of the higher-order-belief
hierarchy, consider first a special case in which the central bank’s
inflation incentive k; is serially uncorrelated (pr = 0). In this case,

firms share a common prior on k; ~ N (E, %) In addition, when
forecasting k4, the only useful signals are the prior & and st Iy

and all the other signals, {sZT are not useful, since k; is seri-

t
}T;ﬁt—H’
ally uncorrelated. In this case, the first-order belief E, [kry1] is a
weighted average of the prior and the average signal 5;;1, with the
weights simply the ones under Bayesian updating and similarly for

the first-order belief E; [ki o], i.e.,

1

Et [k}t.}rl] =k + %—}- % +% (§t+1 - k) ) (23)
1

By [k =k + T % T1 (5142 — k). (24)
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To form the average second-order belief, E? [k; o], first consider an
individual firm #’s expectation of next period’s average belief:

1
E; [Et+1[kt+2]}:]_€+1+f+1(E§[5t+2]_k')
q " m T n
=k+ : ]_g+ﬁ(si —k) -k
PtmTa\ gtmtn
1 L1
=k+1—1 11q1m1(5i+2_7€)’ (25)
P T

and aggregating all firms’ expectations, the average second-order
belief become

E7 [kiyo) = Ey [Ergq [kiys]]
=k+ % % i (5142 — k) (26)
1,1 11, 1 1 -
gtTmtagtmtsa

Notice that in forming the average second-order belief E? [k o], the
average signal 5;49 is assilgned a 10\iver Weightl relative to the typical
» TydgT 1111; < T irTs

atmtn stmtn _ gtmtn’
assigned a higher weight. As a result, Ey [kii2] # E? [ki12], consis-
tent with literature on the role of public information in coordination
settings (Morris and Shin 2002). Notice in a standard model with-
out disagreements (n = o0), each firm’s information set contains
only public information; no “overweighting” takes place, making the
higher-order-beliefs degenerate. In the special case of pr = 0, for
beliefs higher than the second order, the higher-order expectations
become degenerate and equal to the prior k, i.e., El ki) = k for
I > 2. This is because period-t firms only receive private signals
about, and thereby disagree on, the central bank’s future inflation
incentive up to period t+ 2. For any other future k;4;, period-t firms

share the same common prior k£ and agree with each other. Such

Bayesian weight, i.e. while the prior is

140ne can also verify that taking a limit of the expression of the higher-order
beliefs, i.e., expression (22), in Proposition 2 at pr = 0 produces the same
expressions of Fy [kiy1] and F [Et+1 [ktJrZH given in the text.
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perfect agreement among firms makes the higher-order beliefs that
are higher than the second-order degenerate.

In the general case of serially correlated inflation incentive k;
(pr # 0), the entire hierarchy of higher-order beliefs, including
the ones that are higher than the second-order belief, remain non-
degenerate. This is because, since k; is serially correlated, period-t
firms can utilize their private signals about k;11 and ks to fore-
cast future {k;4;},- 5, thus disagreeing with each other in their beliefs
about all of the central bank’s future inflation incentive. Such dis-
agreement in turn makes the higher-order beliefs {Ei [ktti] }?ig non-
degenerate. The proof of Proposition 2 contains the derivation of
these expectations explicitly.

3.4 Symmetric Information Benchmark

Before we characterize the equilibrium in the model with informa-
tional imperfection, for comparison purposes, consider an identical
model except no firm receives any signal about future inflation incen-
tives (see Clarida, Gali, and Gertler 1999, Sections 3 and 4.1, for sim-
ilar results.). It is well known in this setting that under discretionary
monetary policy, the equilibrium output and inflation contain an
inflation bias driven by k; and k:

(TR 7 W el ) e
a\ -
tat=peg e k),
S i P B G ¢ gy e e
a (1l — Bpr) 7
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The sources of aggregate output and inflation fluctuations are shocks
to the Phillips curve and the central bank’s inflation incentive. Equi-
librium nominal interest rate also reacts to shocks to the dynamic
IS curve.

4. Equilibrium in Closed Form

In this section, we first derive, in closed form, the equilibrium infla-
tion, output gap, and nominal interest rate under the imperfect
information environment for the special case of j = 2 (i.e., firms
receive only two-period-ahead k;y2). Then, we conduct comparative
stochastic dynamic analysis of how information imperfections affect
the volatilities of equilibrium inflation and output.

4.1 The Stochastic Stationary Equilibrium

Substituting the expressions for the higher-order expectations
E! [k;1] given by Equation (22) into the solution for 7; (in Equation
(21)) and then z; (in Equation (16)) gives the equilibrium inflation
m* and output gap z;*. The equilibrium nominal interest rate can
be derived by substituting the pair (7m;*, 2;*) into the IS curve (7),

giving the complete equilibrium characterization.

PROPOSITION 3. Assuming j = 2, the equilibrium {m}*, x;*, i;*}is
given by

QU n a 3
a(l=PFpy)+22  a(l—p0)+ A2

kk
Ty =

a\ (
a(l—Bpr) + A2

-1
aBpy
+0¢+)\2a+/\22<a+)\2>
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Pk
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Pk

where the “demeaned” higher-order beliefs are

El k — ];: 1. nTnn
% — Pk (kt - k) =[1-w(l)] ﬁ (Vi1 + Neg1)
Pk q+ m—+n
+w () <w,+2 + Pk;t-H + 77t+2> .
k

(29)

Proposition 3 shows that the equilibrium inflation 7;* and hence
the output gap z;* are determined by three factors, the contem-

poraneous (cost-push) shock wug, the inflation bias a(ljﬂiﬁ)\)—k)\z]z‘l +
a(1—Bpk) (k‘t

st (ke — k), and the higher-order expectations E} [k;1].
The first two factors have been extensively examined in the litera-
ture and appear even in the benchmark model without informational
imperfection (see Equation (27)). Specifically, consistent with stan-
dard results (Clarida, Gali, and Gertler 1999), we verify that the
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cost-push shock u; is inflationary. In addition, consistent with Barro
and Gordon (1983a), we find that the dlscretlon in monetary policy
can lead to a persistent inflation bias mk

In addition to the two well-known effects in the literature, the
proposition above shows that the combination of the discretion in
the monetary policy and the disagreement among firms can lead to
another potentially detrimental effect, as captured in the third terms
of the equilibrium inflation and output gap. Through the channel
of the induced-coordination problem we identify, the discretionary
monetary policy causes the equilibrium inflation and output to react
to firms’ higher-order beliefs about the central bank’s inflation incen-
tive, leading to heightened fluctuations in output and inflation. Our
findings thereby suggest that the combination of lack of commitment
by the central bank and the imperfect information known to firms
makes the central bank less capable to stabilize output and inflation,
compared with a central bank in an alternate economy without such
commitment and information frictions.

The source of the heightened output and inflation fluctua-
tions comes from the volatilities of the primitive variables in our
model. Specifically, the equilibrium inflation and output will respond
not only to the central bank’s current inflation incentive k; but
also to the noises, {m:4+1,n:42}, contained in firms’ average signals
{541, 5142}, as well as innovations in the central bank’s future infla-
tion incentive, {vyy1, V442 }. Furthermore, the coordination problem
induced by the discretionary monetary policy makes the destabiliz-
ing effect of the monetary policy more prominent, due to a “multi-
plier” effect. When forecasting the forecasts of others, firms’ aver-
age forecast is determined by a hierarchy of higher-order beliefs,
each of which depends on the noises in firms’ current information.
As the monetary policy reacts to firms’ forecast, the entire hierar-
chy of higher-order beliefs enters into the equilibrium inflation and
output and the noise contained in these beliefs leads to heightened
volatility. In particular, Equation (28) shows precisely that since the
same private signals {st 11551 +2} are used for each level in the indi-
vidual higher-order belief hierarchy, the common information noise
{Mt+1,M4+2} in these private signals is retained at every term of the
higher-order beliefs, magnifying the noises contained in the average
inflation forecast. When the central bank responds to the average
forecast, the magnified information noises enter into aggregate infla-
tion and output, generating heightened macrofluctuations.
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4.2 Comparative Stochastic Dynamic Analysis

In the face of the heightened volatility caused by firms’ imperfect
information, the conventional wisdom would suggest that reducing
the volatilities of the two informational shocks, 71 ; (average fore-
cast error) and e}, ; (degree of disagreement), would be desirable.
We find that this intuition does not hold generally. Importantly, we
show that reducing the volatilities of the two informational shocks
can increase the macrofluctuations by inducing a more aggressive
monetary policy response. To see the effect of informational proper-
ties on volatilities, from Proposition 3, the volatility of inflation is
computed as

2
o lopy

2
O—Bm»+ﬂ> 1—p3

Var (r*) = <a

a\ 2 a\ af 2
* (a(l — Box) +>\2> Var (ke) + <oz+>\2a+>\2>

vor(2 (328) (2 - 9)).

where the first term represents the volatility stemming from the
shock u¢, the second term represents the volatility stemming from
the central bank’s current inflation incentive k¢, and the third term
represents the volatility stemming from higher-order expectations
about the central bank’s future inflation incentive. By the first-order
condition, x;* = —%7[': * + ki, the volatility of x;* is proportional to
the volatility of 7;*, and the two share similar properties. Thus we
will focus on analyzing the volatility of 7;*. For notational conve-
nience, we define the sensitivities of the equilibrium inflation to the

future signals 5;11 and 5419 as
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Wiy (m,m) = Z 2o )l
Sepz (1T 10 _a+)\2a+)\2 o+ A2 Pr

which depend on the informational properties, the average fore-
cast error m, and the degree of disagreement n. Using notations
Ws,,, (m,n) and W, ., (m,n), Var (7;*) can be rewritten as

o 2 0'3 a\ 2V "
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Therefore, Var (7}*) becomes
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(34)

Equation (34) suggests that in addition to the volatility driven
by the shocks u; and k;, inflation volatility is also driven by two
other shocks. The third term in (34) represents the fundamen-
tal volatility stemming from the innovations in the central bank’s
future inflation incentive {v¢41,v42}, and the fourth term is the
non-fundamental volatility stemming from the noises in firms’ sig-
nals, i.e., {41, M+2}. Equation (34) shows that the informational
properties can influence the macrofluctuations in two ways. First,
improving the precision of the average forecast error (increasing m)
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directly reduces the size of the noises {n;11,m: 42} in the equi-
librium monetary policy, leading to less volatility in the output
and inflation. We capture this effect in the X term in (34) and
call this effect a noise-diminishing effect. Second, when either the
precision of average forecast error or the agreement among firms
increases, the average forecast becomes more sensitive to the firms’
imperfect information, thus the average forecast error. The central
bank, in turn, reacts more aggressively to the average expecta-
tion; unfortunately, this reaction adds more volatility to equilib-
rium inflation and output. In other words, increasing m or n can
increase the sensitivity of the monetary policy to firms’ signals and

noises (i.e., Ws,,, (m,n) and Ws,,, (m,n)). We capture this effect
in Ws,,, (m,n) and Ws,_, (m,n) and call it a sensitivity effect.

Whether improving firms’ information (increasing m and n) reduces
the volatilities thereby depends on the trade-off between the sen-
sitivity effect and the noise-diminishing effect. We summarize the
effect of the informational properties on the volatilities of inflation
and output in the proposition below.

PROPOSITION 4. Information properties (m,n) influence the volatil-
ities of inflation and output as follows:

(i) Volatilities increase strictly in n, i.e., more agreement always
increases volatilities.

(ii) There exists a unique 1, such that volatilities decrease strictly
inm if and only if n < N, i.e., more accurate average forecast
decreases volatilities when disagreement is sufficiently high.

Proposition 4 suggests that holding fixed the average forecast-
error volatility (m), a higher degree of agreement among agents
(increasing n) leads to higher fluctuations in output and inflation.
On the other hand, holding the degree of disagreement fixed, reduc-
ing the size of the average forecast error has a non-monotonic effect
on the volatility. We find that increasing m helps to stabilize infla-
tion and output if and only if the disagreement among the firms is
sufficiently high.

The intuition for these results is due to a trade-off between
the noise-diminishing and the sensitivity effects. Specifically, as
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we explained earlier, the lack of commitment by the central bank
induces an implicit coordination motive among the firms, making
it necessary for an individual firm to forecast the forecasts of oth-
ers. That is, in forming its best forecast of the future inflation, a
firm uses its information to estimate not only the central bank’s
inflation incentive but also others’ beliefs about the incentive. We
call the first use of information the fundamental value of informa-
tion and the second use the strategic value of information. Under
the information structure specified in our model, improvements in
the precision of the average forecast m and the agreement n play
different roles in affecting the two uses of information (see Liang
and Zhang 2019). First, increasing either m or n diminishes the
size of (common or idiosyncratic) noises and moves the firms’ sig-
nals closer to the central bank’s true target, which enhances the
fundamental value of information. Second, increasing n increases
the strategic value of information, while increasing m decreases the
strategic value of information. This is because the strategic value of

information is determined by the correlation between firms’ private
1 1

signals, corr (si, S:_,) = % for i # ¢, which is strictly increas-
ing in n but decreasing in m. antuitively, increasing m reduces the
size of common noises and hence the common variation among the
firms’ signals, reducing the correlation between the signals, while
increasing n decreases the size of idiosyncratic noises and hence the
idiosyncratic variation, increasing the correlation.

The different role of m and n in influencing the value of
information determines their effects on the volatilities. We first
explain the effect of higher agreement. Since increasing n (higher
agreement) increases both the fundamental and the strategic
value of the information, all firms respond more sensitively to
their signals {si ,,si,,} in forming their forecasts (Ws,,, (m,n)
and Ws,, , (m,n) both increase). After the idiosyncratic noises
{6}; H,ai +2} are diversified away in the aggregation, the average
expectation of the firms becomes more responsive to the average sig-
nals {541, St42}. This is the sensitivity effect of increasing n. When
the central bank cannot commit, it is tempted to respond more to
the aggregate expectation, making its monetary policy more sensi-
tive to the errors in firms’ average expectation as well. As a result,
the equilibrium inflation induced by the monetary policy is driven
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by the errors in the aggregate expectation to a larger extent and
becomes more volatile.

The effect of increasing m differs from that of increasing n in
two ways. First, increasing m increases the fundamental value of
the information but decreases the strategic value. Overall, increas-
ing m still increases the firms’ sensitivity to their signals (increases
Ws,,, (m,n) and Ws,_, (m,n)). The higher sensitivity leads to
higher volatilities through the transmission mechanism illustrated
above; however, this sensitivity effect of m is weaker than that of
n because the decrease in the strategic value of the information
led by higher m dampens the increase in the sensitivity. Second, in
aggregating the firms’ forecasts, the common noise {niy1,m142} is
not diversified away as the idiosyncratic noises {8% 1€l +2}. This
captures the noise-diminishing effect of increasing m: a higher m
directly diminishes the size of the common noise and makes the
average expectation and hence the inflation rate less volatile. The
net effect of m on the volatilities thus depends on the trade-off
between the sensitivity effect and the noise-diminishing effect. When
the disagreement is sufficiently high, the strategic value of informa-
tion in forecasting the forecasts of others becomes important. Due
to the adverse effect of m on the strategic value, the firms are more
reluctant to respond to their information, despite the fact that the
increase in m improves the fundamental value. As a result, the sensi-
tivity effect becomes weak and dominated by the noise-diminishing
effect. Accordingly, increasing m leads to lower volatilities. Other-
wise, when the disagreement is low, the strategic value of informa-
tion becomes less important, making the sensitivity effect strong and
dominate the noise-diminishing effect. In these cases, increasing m
amplifies the volatilities.

5. Additional Analysis

In this section, we derive some additional results to enrich the impli-
cations of our paper

15We thank two annoymous reviewers for suggesting this additional analysis,
which helps to enrich the implications of our paper.
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5.1 Fizing the Total Precision of Firms’ Signals

In our main analysis, we have analyzed the effects of separately
varying the accuracy of firms’ average forecast m and the agreement
among firms’ forecasts n. It is also interesting to examine how the
volatilities change with either m or n, fixing the total precision of
firms’ signals % + % In this case, the precision of the first-order
expectation stays constant, so any variations in the volatilities are
triggered by changes in the higher-order expectations. We summarize
our results in the following proposition.

PROPOSITION 5. Fizing the total precision of firms’ signals ~ + %,

m
information properties (m,n) influence the volatilities of inflation

and output as follows:

(i) Volatilities increase strictly in n, i.e., more agreement always
increases volatilities.

(11) Volatilities decrease strictly in m, i.e., more accurate average
forecast always decreases volatilities.

Proposition 5 suggests that, holding the total precision of firms’
signals constant, a higher degree of agreements among firms still
magnifies the volatilities in output and inflation, similar to the result
in Proposition 4. However, while Proposition 4 points to a non-
monotonic effect of changing the accuracy of the average forecast on
the volatilities, Proposition 5 shows that, when the total precision
is fixed, reducing the average forecast error always helps to stabilize
inflation and output. The intuition for this result, again, lies in how
varying the degree of agreement n and the average forecast accuracy
m affects the fundamental and the strategic value of firms’ signals.
First, since the total precision of firms’ signals is fixed, changing
either n or m will not alter the signals’ fundamental value. Second,
recall that the strategic value of the signals is determined bly tlhe
i i’) _ _mty

correlation between firms’ private signals, corr (sT, sy ) = ThTiT
m ' n'gqg
1

for i # i'. Fixing the total precision .-+ %, the correlation is strictly

increasing in n and decreasing in m. Accordingly, a higher agree-
ment n improves the strategic value of firms’ signals and makes all
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firms respond more sensitively to their signals, which, in turn, con-
tributes to higher fluctuations in output and inflation through the
transmission mechanism discussed in our main analysis. Conversely,
a higher average forecast precision m impairs the strategic value of
firms’ signals and makes all firms respond less sensitively to their
signals and the noises in the signals. In addition, a higher m also
diminishes the size of the common noise. Combining the two effects,
improving the accuracy of firms’ average forecasts helps to mitigate
volatilities in output and inflation.

To illustrate the implications of Proposition 5, consider a shock to
the information environment such that after the shock, the disagree-
ment among firms vanishes (i.e., the idiosyncratic shock in the signal
i +; ismuted, n = 00) but the total precision of firms’ signals is unaf-
fected. Note that from Proposition 5, since increasing the agreement
always amplifies volatilities, imposing full agreement would in fact
result in maximal fluctuations in the economy among all scenarios
with the same level of total precision. Stated differently, our analysis
cautions against efforts to shrink disagreement/dispersion in mar-
ket participants’ understanding of central banks’ operations, even
if these efforts do not reduce market participants’ total knowledge
about central banks.

5.2 Fundamental and Non-fundamental Volatilities

In our main analysis, we have examined how varying the informa-
tional properties {m,n} affects the volatilities in output and infla-
tion. Examining Equation (34) suggests that the properties m and
n can influence the volatilities through two components: (i) the
fundamental volatility stemming from shocks to the central bank’s
inflation incentives (i.e., the third term in (34)) and (ii) the non-
fundamental volatility from the common noises in firms’ signals
(i.e., the fourth term in (34)). To illustrate the underlying economic
forces of our paper, it is helpful to decompose the effects of {m,n}
on the fundamental and non-fundamental volatilities. The following
proposition summarizes our analysis of such decomposition.

PROPOSITION 6. Information properties (m,n) influence the funda-
mental and non-fundamental volatilities of inflation and output as
follows:
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(i) Both the fundamental and non-fundamental wvolatilities
increase strictly in n, i.e., more agreement always increases
both volatilities.

(ii) The fundamental volatilities increase strictly inm, i.e., more
accurate average forecast always increases the fundamental
volatilities.

(11i) There exists a threshold ', such that the non-fundamental
volatilities decrease strictly in m if and only if n < 7/,
i.e., more accurate average forecast decreases the non-
fundamental volatilities when disagreement is sufficiently
high.

The message of Proposition 6 echoes our main result in Propo-
sition 4. In particular, recall from our discussion of Proposition 4
that increasing the agreement always makes firms more responsive
to their signals. Since the signals commingle the fundamental shocks
to the central bank’s inflation incentives with some noises, firms
also react more sensitively to both the fundamental shocks and the
non-fundamental noises. Through the transmission mechanism dis-
cussed previously, firms’ higher sensitivities lead to heightened fun-
damental and non-fundamental volatilities. This explains part (i) of
Proposition 6.

Similarly, recall that although increasing the average forecast
precision m has conflicting effects on the fundamental and the
strategic value of firms’ information, its overall effect on firms’
sensitivity to their signals is still positive. This, in turn, con-
tributes to higher fundamental volatilities. This explains part (ii) of
Proposition 6.

The last part of Proposition 6 is also in line with Proposi-
tion 4. Note that a reduction of the average forecast error (a
higher m) affects the non-fundamental volatilities in two ways:
it not only increases firms’ sensitivity to their signals but also
diminishes the size of the common noises. From the discussion
of Proposition 4, the noise-diminishing effect dominates the sen-
sitivity effect when the disagreement is high. Accordingly, in
these cases, increasing m helps to reduce the non-fundamental
volatilities.
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5.8 Adjusting the Central Bank’s Objective Function

A main takeaway from our analysis is that the informational fric-
tions faced by firms can potentially lead to amplified volatilities
in inflation and output. These volatilities are driven by the cen-
tral bank’s equilibrium choice of the discretionary monetary rule,
and hence depend on the central bank’s objective function (8).
Accordingly, one may argue that, to mitigate these aggregate volatil-
ities, the central bank ex ante may have incentives to adjust
its objective function. While a full characterization of the cen-
tral bank’s optimal objective function is beyond the scope of our
paper, we now explore a specific way of adjusting the objective
function, that is, the central bank adjusting the relative weight «
placed on output deviations (z; — k). In practice, a lower « can
be interpreted as appointing a more conservative central banker
(Rogoff 1985; Clarida, Gali, and Gertler 1999). We summarize the
effect of the weight « on the inflation volatility in the proposition
below.

ProposiTION 7. The inflation volatility increases strictly in the
weight o on output deviations.

Proposition 7 suggests that the informational frictions faced by
firms induce greater inflation volatilities if the central bank is more
concerned about the output gap target. Stated differently, to sta-
bilize aggregate fluctuations, the central bank should reduce the
weight placed on output deviations. To see the intuition, recall
from Equation (21) that the equilibrium inflation is more sensi-
tive to the terms of higher-order beliefs if the central bank is more
responsive to changes in average expectations of inflation in choos-
ing its discretionary monetary policy, as captured by the response
coefficient a(j‘ﬁ\g. Note that this coefficient is strictly increasing in
the weight a. A central bank focusing more on output gaps is
more tempted to push inflation 7, higher in order to lower the
output gap. This, in turn, sets the trap for the central bank to
respond to firms’ inflation expectations, thus amplifying the inflation
volatility through the coordination channel identified in our main
analysis.
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5.4 A Microfoundation of the Common
Noise in Firms’ Signals

Our analysis suggests that the common noise in firms’ signals n;
plays a crucial role, as it contributes to the non-fundamental uncer-
tainties in the output and inflation. In our main model, we do not
specify how the common noise may arise in firms’ information envi-
ronment. We study an extension below to offer a microfoundation in
which firms learn the central bank’s policy objective from an endoge-
nous variable and such learning is subject to a common noise. For
simplicity, in this extension, we adopt the macroeconomic framework
in Barro and Gordon (1983a) and capture endogenous learning fol-
lowing Stein and Sunderam (2018). To illustrate the main idea, we
only consider the static version of the learning model in Stein and
Sunderam (2018, Section II); Stein and Sunderam (2018, Section IV)
also extend the learning model to a fully dynamic model.
Specifically, the operation of the economy is described by a
“Phillips curve” (Equation 1 on pp. 592, Barro and Gordon 1983a):

U =U"—a(m —7y), (35)

where U; denotes the unemployment rate and is a proxy for the
overall state of real activity, U;* denotes the natural unemployment
rate, m; denotes the inflation rate, and 7§ denotes firms’ expected
inflation. The coefficient a > 0 represents the “Phillips curve slope.”
The central bank’s objective is to minimize a social loss function
(Barro and Gordon 1983a, Equation (3) on p. 593):

Z, = E [(Ut - kt)ﬂ +0E [72], (36)

where k; ~ N (U{‘,%) represents the central bank’s preferred

unemployment rate target, as discussed in Barro and Gordon
(1983a). k; can be either higher or lower than the natural unemploy-
ment rate, depending on the central bank’s target. The parameter
b > 0 captures the central bank’s relative weight on minimizing infla-
tion in its objective function. The same as in Stein and Sunderam
(2018), we assume that k; is the central bank’s private information
and unknown to firms at the beginning of period t. Specifically, we
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assume that the central bank sets the inflation rate m; by following
a partial adjustment rule of the form

m = p (ke — U) + &, (37)

where ¢, ~ N (0, %) represents a noise “that is overlaid onto the

rate-setting process” by Stein and Sunderam (2018, p. 1024), who
interpret the noise as either a “tremble” in the central bank’s opti-
mal choice of m; or “coming from the Fed’s use of round numbers
(typically in 25 bps) for the funds rate settings that it communi-
cates to the market,” whereas its private information about k; is
presumably continuous. As we will show soon, the noise ¢; gener-
ates a common noise in the endogenous signal learned by firms and
prevents firms from fully recovering the central bank’s private infor-
mation k;. The parameter y is the central bank’s response coeflicient
to its unemployment target, and the central bank will set p optimally
in equilibrium to minimize the social loss function Z;.

Firms try to infer the central bank’s private information k; based
on their observation of the aggregate state of the economy, proxied
by the unemployment rate U;. To do so, firms conjecture that in
equilibrium, the unemployment rate and the inflation rate take the
following forms:

Ut:Utn'f’S(kt_Utn)_j\eta (38)
Ft:ﬂ(kt—Ugl)—f'Et. (39)

That is, firms correctly conjecture the equilibrium forms of the
unemployment rate and the inflation rate but do not observe the
sets of actual response coeflicients. Instead, firms conjecture the val-

ues of these coeflicients as {5 , 5\, /l}, where 2 denotes firms’ conjec-

ture of variable x. Rational expectations require that in equilibrium,
firms’ conjectures are correct and coincide with the equilibrium val-
ues (yet unable to fully invert, similar to Stein and Sunderam 2018).
Importantly, note that the unemployment rate U; is an endogenous
signal about the central bank’s private information subject to a com-
mon noise. The noise arises because of the noise ¢; in the central
bank’s rate-setting process in Equation (37), which, in turn, enters
the unemployment rate through the Phillips curve in Equation (35).
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We will verify that A > 0 so there is indeed a common noise term in
the endogenous signal Uy.

Using their conjectured form of the unemployment rate in Equa-
tion (38), firms infer imperfectly the central bank’s private informa-
tion k; from their observation of U;. Rewriting (38) yields

U, —-Up

. A
UtEUtn—f—T:kt—gﬁ't. (40)

U, can be viewed as an adjusted unemployment rate that consti-
~ 22
tutes an endogenous signal of k;, where the precision of Uy is %Tg.

Standard Bayesian updating gives

82

. ST . T
B |kl0i| = 52U + U7 = U +x (U = U}),
STe + Tk GTe+ Tk
(41)
where y = ﬁ‘ Intuitively, when there is less noise in the

unemployment rate U; (i.e., a smaller 5\), firms learn more informa-
tion about k; from U; and hence react more to a change in U; (i.e.,
a higher x).

Given firms’ inference of k; and the conjectured form of the equi-
librium inflation rate in Equation (39), firms also form an expecta-
tion of inflation:

7 = Em|U] = i (E[ke|Up] = U}") = ax (U = UY') . (42)

Substituting Equation (42) into Equation (35) solves the equilibrium
unemployment rate:

QT
Uy =U'— ——. 43
t t 1— aﬂX ( )
Given the central bank’s choice of inflation rate in Equation (37)
and the equilibrium unemployment rate in Equation (43), the central
bank’s objective function Z; in Equation (36), taking expectations

over the noise €;, can be written as

ap > 1 a 1 p?r 1
Zi=(1+—L ) 4 (— )=+ (E =) @
1—apx) 7% 1—apx /) 7 Tk  Te
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The central bank minimizes Z; by choosing the optimal response
coefficient p in Equation (37). The central bank does so taking as

given firms’ conjectures {5,5\, ﬂ}. Taking the first-order condition
with respect to u gives

ath a
1 bu = 0. 45
< +1-—aﬂx>1—aﬂx+ : (45)

In the rational expectations equilibrium, firms’ conjectures are cor-
rect, i.e., i = p, § = 6, and A = A. Imposing these requirements
in the first-order condition (45) and matching the coefficients in the
equilibrium unemployment rate in Equation (43) with firms’ conjec-
ture in Equation (38) determine the sets of coefficients, {d, A, u},
in equilibrium. We summarize the equilibrium in the following
proposition.

PropPOSITION 8. Consider a model in which firms learn about the
central bank’s private information from an endogenous variable. The
equilibrium unemployment rate and inflation take the following form:

Uy = U +6 (ke — UP) — ey, (46)
m = p (ke — U) + &, (47)

where the coefficients are given by
/b(1—20)6
5= VUL =0Tk g (48)
(1 —=10)07e + bry,
1

p=— 5(1—5)6<0, (49)

A=4/——>0. (50)

Proposition 8 confirms that in equilibrium, since A > 0, the
unemployment rate U; indeed constitutes an endogenous signal
about the central bank’s unemployment rate target k;, subject to
the common noise &; stemming from the rate-setting process. The
unemployment rate U, is informative about k; because the central
bank, facing the downward-sloping Phillips curve, is tempted to
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inject inflation in order to reduce the unemployment rate toward
its preferred target k; (i.e., u < 0). Accordingly, both the equilib-
rium inflation rate and the equilibrium unemployment rate become
dependent on k; so that observing the unemployment rate reveals
information about k;. This model extension establishes the endoge-
nous source of the common noise in the private signals exogenously
specified in the base model.

5.5 A Microfounded Phillips Curve

In our main analysis, to maintain tractability, we have assumed
a reduced-form Phillips curve (2) in line with the standard New
Keynesian Phillips curve when information is complete. Nonethe-
less, recent work by Angeletos and Lian (2018) and Angeletos
and Huo (2021) suggest that when information is incomplete, the
form of the Phillips curve varies from the standard one. Impor-
tantly, both studies show that, considering incomplete information,
the current inflation depends on the entire future path of average
expectations about the output gap and the inflation rate, instead
of only the average expectation about the next-period inflation.
Angeletos and Huo (2021, p. 1174) demonstrate that analyzing the
equilibrium under the modified Phillips curve is considerably more
complicated, as “the relevant set of higher-order beliefs is signifi-
cantly richer.” In light of this complexity, we have imposed a simple
reduced-form Phillips curve in our main analysis to focus on deriving
implications for how central bank transparency /disagreement affects
aggregate volatilities. To assess the robustness of our analysis, we
now analyze a variant of our model with a microfounded Phillips
curve.

Specifically, consider a setting in which the Calvo (1983) fric-
tion lasts only for one period, i.e., a firm that has reset its price
p] in period ¢ is restricted from resetting its price in period ¢ + 1
with probability 6 € (0,1), whereas a firm restricted from resetting
its price in period t gains full price-resetting flexibility in period
t+ 1. For simplicity, in this extension, we assume that the cost-push
shocks u; = 0. Consider a firm j that has the opportunity to reset
its price in period ¢. Following similar steps as in Angeletos and Lian
(2018, Equation (32)), the optimal reset price, denoted by p!”, can
be derived as
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30
1+ 36

(mC’Z —i—pt) + Eg mCZ+1 + Pi+1], (51)

where mc] denotes firm j’s real marginal cost in period ¢. Condi-
tional on the firm being restricted from resetting the price in period
t + 1, it gains full price-resetting flexibility in period ¢ + 2. Accord-
ingly, the optimal reset price p]”* only depends on the firm’s expecta-
tion about the marginal cost and the aggregate price in period ¢+ 1.
Aggregating pi* over the population of the firms gives

1 Jo L
;= —— (mec ————Fy[mec 52
Dy 1+ﬂ9( t+pt)+1+59 ¢ [meir1 + peyal s (52)
where E; [-] denotes the average expectation of the firms. As shown
in the proof of Proposition 9, at the steady state, in each period ¢, a
fraction 1-%9 of the firms can reset the price, whereas the remaining
firms are restricted from resetting the price. This, in turn, gives the

inflation rate:

DPi — Pi—1

1+6 (53)

Ty =
Using (52) and (53) and applying the usual condition that the real
marginal cost is proportional to the output gap (Clarida, Gali, and
Gertler 1999), i.e., mc; = Kz, we obtain the following condition for
the level of inflation in period t:

Ty = )\.Tt + ﬁ,Et [/fxt-i—l + 7Tt—|—1] ) (54)

where ' = ﬁ € (0,1) and A = sora(ipey > 0- Note that
(54) is identical to the reduced-form Phillips curve (2) assumed in
the main analysis except that in the microfounded Phillips curve
(54), the inflation rate m; also depends on the expectation about
the future output gap in period t + 1. To assess how this change
affects the robustness of our analysis, we now derive the equilibrium
inflation rate 7;*. Note that under the modified Phillips curve, the

optimal discretionary monetary policy remains intact, i.e.,

A
Ty = ——T¢ + k’t, (55)
(%
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because the central bank still takes the firms’ future expectations
about z441 and 741 as given. Substituting the optimal discretionary
monetary policy into the Phillips curve (54) gives

(0= )3

a\ af'k
o+ )\2 Et [ﬂ_t-i-l] . (56)

a+)\2kt+a+)\2

= Ey ki) +

Comparing the modified law of motion (56) for the inflation 7, with
its counterpart (17) in the main analysis yields two insights. First,
the inflation 7; depends not only on the central bank’s inflation
incentive k; in period t but also on average expectations about the
future inflation incentive k;y1. The latter result is driven by the
modified Phillips curve (54), where the inflation 7; depends on aver-
age expectations about the future output gap x;y1 and, accordingly,
the central bank’s future inflation incentive k;y; due to the dis-
cretionary rule (55). Second, the inflation 7; continues to depend
on average expectations Ey [m;11], although the coefficient before
E; [me41], %, can be negative. The reason is that when the
expectation about the future inflation 7;1 increases, firms rationally
anticipate that the central bank will choose a policy in period t + 1
to reduce the future output gap x;+1. Such policy, in turn, dampens
the current inflation through the Phillips curve (54). This economic
force goes against the usual force that the central bank responds
positively to changes in Ej [m;,1] in setting 7, and can even make
7 respond negatively to E, [¢+1] when 7 is more dependent on the

2
m > 04). We show that,
as long as x is sufficiently small so that 7; responds positively to
E, [m4+1], all the implications from our main analysis remain valid

under the modified Phillips curve. To see this, iterating (56) gives

0 N\ 1 /
e = 2 m{zca‘”@)ﬁ) af O“(““)Eé[ml]}.
=1

o+ A2 a+\2 a+ A2 a+\2

future output gap x¢41 (i.e., Ak =

(57)

Under the modified Phillips curve (54), the equilibrium inflation

rate m;* continues to be a function of the sum of the higher-order

beliefs about {kHl}izgo , similar to that characterized in Proposi-
tion 1. The only difference is that the “discounting factor” before
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E![kiy] is (“%;35' instead of af‘g\g. Accordingly, we show that as

long as (o‘%:gﬂ/ > 0, the implications regarding the effect of the
informational properties on the volatilities of inflation and output
are similar to the ones in our main analysis. We formally state these

results in the following proposition.

PROPOSITION 9. Under the modified Phillips curve (54), the equi-
librium inflation rate w;* depends on the sum of the higher-order

beliefs about {ktH}ﬁigo, i.e.,

QA (B (e A\ o a(A+k) o
i _a+)\2kt+{z< a+ A2 atx e Delhelr

=1
(58)

If WL_M) < «, information properties (m,n) influence the
volatilities of inflation and output as follows:

(i) Volatilities increase strictly in n, i.e., more agreement always
increases volatilities.

(i) There exists a unique 7", such that volatilities decrease
strictly in m if and only if n < 7", i.e., more accurate
average forecast decreases volatilities when disagreement is
sufficiently high.

6. Conclusion

With its simplicity, our paper makes a core argument for the inclu-
sion of information diversity among agents in monetary policy dis-
cussions. A direct implication of our model is on the explanation
and characterization of the observed inflation dynamics. Our model
would suggest that the precision of the aggregate estimation of future
inflation is a determinant of current inflation. In this regard, our
paper is related to the voluminous macroliterature on inflation trend
(Goodfriend and King 2012 and Ascari and Sbordone 2014). In these
studies, firms are more sophisticated in their understanding of the
inflation trend and adjust their pricing behavior (such as index-
ing). In an extension, we verify that our main qualitative results
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survive in a more general model (e.g., Woodford 2008) in which
an inflation trend term is inserted into the New Keynesian Phillips
curve.

More broadly, we view our paper as an attempt at constructing a
positive understanding of the macroeconomy under the information
imperfections about the incentives of an authority player. Our paper
is not directly concerned about how these imperfections emerge
endogenously from the information production of each player in the
model, but any such studies should take into account the results of
our paper. Recent interests in studying the communication strate-
gies of the central bank are evidence of its perceived importance
(see, e.g., Rudebusch and Williams 2008).

Aside from the information flow from the central bank to the
marketplace, a more organic environment would also feature active
private information activities. As shown in the Fed-watch literature,
individual agents are motivated to acquire relevant information in
anticipated information management by the central bank.

Finally, our paper raises issues that future studies could blend
with other important considerations related to information and coor-
dination. They include other coordination problems in macroeco-
nomics (Cooper and John 1988; Kiyotaki and Wright 1989; Baxter
and King 1991), robust policies by Hansen and Sargent (2007), and
the information role of the financial market (King 1982; Baxter and
King 1991).

Appendix. Proofs

Proof of Proposition 1
This can be verified by iterating (17).

Proof of Proposition 2

For our convenience, we define the vectors of firm i’s demeaned sig-
nals at period ¢t and the vector of the demeaned average signals at
period t as

-k -k

P= st — k| S = S — k| (A.1)
Siio—k S5t420 — k



Forthcoming Disagreement and Discretionary Monetary Policy 43

the variance of S} as

Pk Pk
9k qk
iy vy |ee 11 1
Var (St) =X=\|0 wTmta n , (A.2)
2
Pk Pk 1,141
qr qr % TmTh
and the covariance between S and Sg as
P 1 Pi
ak  qk qk
2
G iy () — [P pe 1 1
Cov (St+17 St) =0 = o« o o Tm|- (A.3)
Pi  Ph Pk
qr  qr qr

In particular, we define the first row of €2, the covariance between
k111 and S}, as

Qovl=[=[2 L £ (A.4)

qk 9k 9k

We now derive the hierarchy of higher-order beliefs. In the first-
order belief in period ¢, each firm’s forecast of k11 is

Ellky1] =k +LY1SE (A.5)
and the average forecast is
Et [kt+1] = ]_f + inlgt. (A6)

Building on the first-order expectation, now move to the second-
order belief. For firm i, its period-t belief about the aggregate period
t + 1 belief about the central bank’s period ¢ + 2 incentive becomes

E; [Eyy1 [kigo]] =k + E} [LX7 'S4 ] = k+ LY 'E} [S44]
(A.7)

where E} [5’t+1] = QX~18¢. Therefore, the average second-order
belief becomes

Ey [Epiq [kyo]] = b+ LETTQET'S,. (A.8)
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Notice that the law of iterated expectation fails, i.e.,
Ef[kie]  #  Eilkiye) =k + {ﬁ Bk L] 1S,

9k dk qk

since LY1Q =

o o1 Gt )Gt d )Gt atat ook |

{Z—E fq’—: qik} for n # oo (i.e., there is some disagreement among
firms). In particular, we verify that in E? [y o], the signal 5;,5 is
weighted less than in Fy [kiy2]. Moreover, for the third-order belief,
firm ¢’s period-t belief about the aggregate period t + 1 belief about
the aggregate period t+2 belief about the central bank’s period ¢+ 3

incentive becomes
EZ [Et—l-l [Et+2 [kft+3]]] - E —|— LE_IQE_IEZ. [St+1]
=k+LEton xSy (A.9)
and thus the average third-order belief becomes
Et [Et+1 [Et+2 [kt+3]]] - E + LE_lﬂz_IQZ_IS't
—k+ILx 7t (27175, (A.10)

Keeping iterating E? [k;y3] characterizes the entire hierarchy of
higher-order beliefs with

1

Bl by =k+L(37'Q) 7 5718, (A.11)

To derive E![k;y;], we make an eigenvalue decomposition on
¥ ~1Q, such that

Y10 = QAQ 7, (A.12)

where A is a diagonal matrix with the eigenvalue of £~ on its
diagonal, i.e.,

0 (A.13)
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and @ is the associated matrix of eigenvectors. As a result,

Ei [kt-f—l] = ]% + LQAl_lQ_lz_lgt

0 0 0
-1
=k+LQ |0 L . 0 | Q'ZT1S,
(H+3) 2+ (E+2+1)
0 0 P!

and can be simplified into

D L - i i S —k
Ej [kit] = k+p}, 1{[1 —w (1)) By [kp1 — Rty k] +w (1) t+2} ’

Pk
(A.15)
e B s Rk ] = g G~ )+ (s =)
and
1, 1\ P
= + =) £k
w(l):l 1(; ”qu 1)?
= 4 ) Ck £ = =
(m+n) q +(m+n+q>
11 1\1[/a 1ypk 1,11\ (1 1
<m+a+a>5 {(a+ﬁ)7k+<a+ﬁ+g> (aJraﬂ
-1
11
xq1l— O -
G rried)
+ 2

Notice that since

increasing in .
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Proof of Proposition 3
Substituting the expressions for the higher-order-beliefs terms into

the expression for the inflation specified in Proposition 1, we have

U a - a\ -
= k ki — k
a(l=Ppu) +A?  a(l—-0F)+ N +a(1—ﬁpk)+/\2(t )

aX  aB N afpe \'T ((Ellkia) — k -
B L .
+a+/\2a+)\2z<a+)\2> P pr (ke — k) |,

k

(A.17)
where the “demeaned” higher-order beliefs are
Ellkey] — k _
Brlhetl =k k)
Pk
= [1 —w (l)] [Et [kt—i—l — E’SiJrl, k‘t] — Pk (kt - E’)]
— _ ];: _
+w(l) (5”2 — i (ke — k)) (A.18)
Pk
with
B keva—Flstin, kil =y (k) = 55 (50— (5 F))
q m-+n
= qf:l’%n (Me+1+v41) . (A.19)
and
St42 —k — o (kt B ]—g) _ Vot prVi1 + M+2 (A.20)
Pk Pk

By the first-order condition, the equilibrium output is
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"E:*:_éﬂ-z{*‘i‘kt
(6]
_ Auy a(l-08) - a (1= Bpy) -
= ATt R T a- R at—pa e T F)
Box \'' [ EL k] — K .
_Oé+/\2a+>\22<aa+p)]\c2> (%‘Pk(h—k)).
(A.21)

The equilibrium nominal interest rate can be derived by substituting
the pair (7;*, z;*) into the IS curve (7):

H ,.xx*
Efz, g

2k

¢ ¢¢>

T (A.22)

where, given the information set of the household, I =

{{urtsco o Yoo kYo

- At a1-8) .
LT T (1= Bpa) + A2 a(l— )+ A2
a (1 —Box) -
a(1—ppe) + 227" (e = k)
A _
gl QP Ut a ?
LTS T B+ ¥ T a- g+ 0
a\ -
ki — k A2
and as a result,
=9t o [ap +)\(1—pu)] + o k
fo a(l=Bpy) + A2 [ ¢ a(l—pB)+ A2

o (ke — k) (1= B8pk) (1 = pr)
a(1— Bpr) + A2 [Ap’“ " ]
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2 -1
Z aBpy
a+ A2 a+)\2 a+ A2

X (W — i (ke — E))] . (A.24)

Pk

L1
¢

Proof of Proposition /
Notice that x;* = ﬂrt + k¢. Thus

2
Vary (z7*) = A Vart (m7*) + Vary (k) — —Covt (m7*, k), (A.25)

where Var (k) = g5 and Cou (n*, k) = gr=gyymwe g n?

are both independent of m and n. Therefore, the effects of (m,n) on

Vary (x;*) are the same as their effects on Var, (7}*).
OVary(m;™)

One can verify —5 = > 0 by directly computing the
derivative. For the sign of %ﬂsﬂf), first, one can verify
that at n = 0, %ﬁgﬂg*) = 0, %(%) = 0, and

o 2(1+p7
8722 (M) - (1+0) 5 < 0. As a result, for n close
on om m2q2<1— af p)
+xZ Pk
to 0, lim,,_, o+ %W(ft) < 0. Second, at n = oo,
OVary (m*)
om

2
(1 - <a+)\2) > (m+ q)* + 25252 px (¢ — m?)

+ () + )
= 5 5 > 0. (A.26)
(1 - ﬁiapk) [(m +q)° + mqpi}

Therefore, by the intermediate value theorem, there exists an n > 0,
such that %ﬂgﬂ’f) = 0. Lastly, we verify that such an n is also
unique. More specifically, we verify that %ﬁ&”f) = 0 can be
reduced into P (n) = 0 and P (n) is a fourth-order polynomial of n,

P (n) = kin* + kan® + kgn® + kan® + ks, (A.27)
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where the expressions of the coefficients {Iii}?zl are available upon
request. We verify that k1 > 0, ko > 0, k5 < 0, and the signs of
k3 and k4 are ambiguous. However, it is impossible to have k3 < 0
and k4 > 0 at the same time. As a result, there can be the following
three possible scenarios of the signs of {K,Z‘}?le

K1 | Ko | K3 | K4 | K5
+ 4+ |+ [+ -
+ 4+ |+ -] -
+ 4+ --]-

”

where “+” means positive and “—” means negative. Notice that for
the polynomial P (n), there is one sign change in its coefficients.
Therefore, by Descartes’s rule of signs, the polynomial p (n) has a
unique positive root. That is, there exists a unique 7 that makes

%n(::*) = 0. As a result, av%n(;r;‘*) < 0 if and only if n < n.

Proof of Proposition 5

EES

We only analyze the inflation volatility Var; (7;*), as from Proposi-
tion 4 the results regarding the output Var; (x;*) are the same. We
1

denote the (inverse) total precision T = L + 1. Hence m = Ti .
1

Since m > 0, n > 7. Substituting this into the expression of
Vary (m;*) and taking the derivative of Var; (7;*) with respect to n
gives

OVary (7}*)
on
_ Q (n)
a a1\ o 2\
n2 (1 — ka) <n +2ngT +ng*1T? — 5zqpk + anpk)
(A.28)

The denominator is positive because 2nqgT" — %qpk > 2nqT —
qpr > 2q — qpr > 0. The first step uses af; < 1, the second step

uses % < T, and the last step uses pr < 1. The numerator @ (n)

is a third-order polynomial of n. We now prove that for n > %,
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Q (n) > 0. First, replacing n in Q (n) with n = b+ 7 (where b > 0),
we obtain

Q (b) = 610 + 62b° + J3b + da, (A.29)

where the expressions of the coefficients {51‘}?:1 are available upon
request. Hence we need to prove that @ (b) > 0 for any b > 0.
After some tedious algebra, we can verify that all d;s are posi-
tive. Thus @ (b) > 0 for any b > 0. This, in turn, proves that

Q(n) > 0 and Var(ni) (. In addition, note that fixing T' =

on
% + %, an increase in n is the same as a decrease in m. Hence
OVary(m;™)
—om — <0

Proof of Proposition 6

We only analyze the inflation volatility Var; (7;*), as from Proposi-
tion 4 the results regarding the output Var; (z;*) are the same. The
third term in Equation (34) represents the fundamental volatility
stemming from the innovations in the central bank’s future inflation
incentive {1411, 12}, defined below:

[W§t+1 (mv n) + pkW§t+2 (mv n)] ? + [W5t+2 (m7 n)] ? )

Varf (m}*) = .

(A.30)

The fourth term in Equation (34) is the non-fundamental volatility
stemming from the noises in firms’ signals, i.e., {ni+1,Mt42}, defined
below:

[W§t+1 (m> n)] ’ + [W5t+2 (m’ n)] ’

VarNF () =
N () -

(A.31)

One can verify parts (i) and (ii) of the proposition, i.e.,
Varl (z}*) aVarNF(x;*) aVarl (n}*)

% , o , o > 0 by directly computing the
derivatives.




Forthcoming Disagreement and Discretionary Monetary Policy 51

NF s+
For the sign of avarfaim(m) in part (iii) of the proposition, we

can show that, after some tedious algebra,

OVar]¥ (mp*) n?H (n)
om B

af 2 2

3
+ mnqpi ((m +n)pr — aﬁ“ﬁ@ m) ] (A.32)

VarNF (zr*)

It can be verified that the denominator of r

NF * %k
the sign of W‘"’taim(ﬁ’*) is determined by H (n), which is a fourth-

order polynomial of n,

is positive, so

H (n) = pan* + pan® + pgn® + pan® + pis, (A.33)

where the expressions of the coefficients {ui}?zl are available upon
request. We verify that us < 0, pug < 0, us < 0, and the signs of py
and po are ambiguous. As a result, there can be the following four
possible scenarios of the signs of {ui}?zlz

M1 | p2 | (3| Ha | M5
+ |+ =] =] -
+ - - - - P

— _l’_ — — —

y

where “+” means positive and “—” means negative. In the first three
cases, notice that for the polynomial H (n), there is one sign change
in its coefficients. Therefore, by Descartes’s rule of signs, the poly-
nomial H (n) has a unique positive root. Denote this unique root
as 7/, where H (n') = 0. For n < 7/, H(n) < 0 since at n = 0,
H (0) = ps < 0 whereas for n > 7/, H (n) > 0. This, in turn, implies

VarNE (n;*)

that =4~ < 0 if and only if n < 7’. In the last case, all j1;s are
NF EES
negative, so H (n) < 0 for all n > 0. In this case, ‘?’Vc””taim(”t) <0.

Without loss of generality, define 7/ = oo in this case. In sum, we
WVarNT (zi*) <0

have shown that there exists a unique 7’ such that o

if and only if n < 7.
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Proof of Proposition 7

Note that, in (34), the first two terms in the inflation volatility
var (m;*) are both strictly increasing in «. In addition, the weight
a affects the last two terms of var (7;*) only through affecting
Ws,,, (m,n) and Ws, , (m,n) (i.e., the sensitivity effect) in (31)
and (32), respectively. It is straightforward to verify that both
Ws,,, (m,n) and W, , (m,n) are strictly in o. Hence var (7/*) is
strictly increasing in a.

Proof of Proposition 8

Collecting the first-order condition (45) and matching the coef-
ficients in the equilibrium unemployment rate in Equation (43)
with firms’ conjecture in Equation (38) yields the following set of
equations:

H= _% <1+ 1a5,ux) lfciz,u)(7 (A'34)
5= _%, (A.35)

_ ﬁ (A.36)

X = 527'55—:8)\2m (A.37)

Note first that § = 0 or ;4 = 0 cannot be an equilibrium. To see this,
assume by contradiction that there exists an equilibrium of § = 0.
Hence p = 0 from Equation (A.35). In addition, x = 0 from Equa-
tion (A.37). Plugging 1 = 0 and y = 0 into Equation (A.34) gives
its left-hand side as 0 but the right-hand side as —7, which implies
that 4 = 0 does not solve the equation. This is a contradiction.

To determine the equilibrium, substituting Equation (A.35) into
Equation (A.36) gives

A=—2 (A.38)
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Substituting Equation (A.35) and Equation (A.36) into Equation
(A.34) and using Equation (A.38) yields

2

P2 == (1-10)6. (A.39)

[~ R

This implies that § € (0,1) since y? > 0. Substituting Equation
(A.38) and Equation (A.39) into Equation (A.37) yields

B (1—-0)7
X= 0= 0)or +bmy (A.40)

Substituting Equation (A.40) into Equation (A.35) gives

apbty
(1 —10)07 + b1y

§=— (A.41)

Since § € (0, 1), the denominator of the right-hand side of Equation
(A.41) must be positive, i.e., (1 —9) 7. + brr, > 0. Hence u < 0.
Using Equation (A.39), we obtain

p=—y/>(1-26) (A.42)

S =

Substituting Equation (A.42) into Equation (A.41) yields

5= awb(l—é)éTk (A.43)

(1—6)0or. + b7’

The equilibrium value of 6 € (0, 1) is determined by Equation (A.43).
Using the implicit function theorem, one can show that ¢ is strictly
increasing in a. Substituting (A.42) into Equation (A.38) gives

bo
= —. A.44
A=AT5 (A.44)

Since 6 € (0,1), A > 0.
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Proof of Proposition 9

This proof complements the steps given in the main text. First we
prove that at the steady state, in each period ¢, a fraction 0 of the
firms can reset the price Whereas the remaining firms are restrlcted
from resetting the price. Denote as ©; the fraction of the firms in
period t that can reset the price. Hence

@t+1 =1- ®t + ®t (1 - 9) 5 (A45)

since the fraction 1 — ©; of the firms that are restricted from reset-
ting the price in period t gains full price-resetting flexibility in period
t+ 1 and the fraction O, of the firms that reset the price in period ¢
can reset the price in period £+ 1 with probability 1 —6. In addition,
the initial condition for iterating ©, is that ©¢ = 1 (i.e., all firms can
reset the price at the beginning). Solving the difference, Equation
(A.45) yields

1 - (_0)t+1
1+46 1+0

O, = (A.46)

At the steady state, lim;_,,, O; =

1
1+6° )
Next, we briefly explain that when % > 0, the effect of

the informational properties (m,n) on the volatilities of inflation
and output is qualitatively the same as that in the main analysis.
First, note that the hierarchy of the higher-order beliefs E! [k;1]
remains the same under the modified Phillips curve, i.e.,

_ R _ iy Sipo— k
Ey ke =+ oy {[1 —w (D) B (ks = Klsign, k] +w (1) }} |
(A.47)

where Et [kt+1 — ];;‘Si—l—l? kt] = ﬁpk (kt — l%)—i- - mn (8t+1 — k)
Second, substituting the expressions for E! [k;,,] into (57) yields

o a\ k+§:<(a—)\ﬁ)ﬁ’>l_l af’ a<)‘+’€)]};

T e 2\ ot at A2 ot A2
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= ((a—=2k)B'pe\ " afpr a(A+ k) -
{;( a+ M2 ) a+ A2 a+A2}(kt_k)

i (a—Xc) B ™" o a(A+k)
a+ A2 a+ A2 o+ \?

=1
B ket = K] g, - k)] } (A.48)

=

X
Pk
where
Bk — k _ mn
% — Pk (kt - k) =[1—w(l)] L;:m (Veg1 + Meg1)
Pk q m—+n
+w (l) (VH—? + PrVt+1 + 77t+2>
Pk
(A.49)
Define
et (e =2m) Bpp )
Wi _ m+n Oéﬁ OZ 1— I
Bet1 +T::Tna+)\2 a+)\2 ; TTa+a [1—w ()],
(A.50)

,af a(A+k) (a—k) Ao\ " w(l)
Wes = 7252 a+AQZ< 3 o (A

Dropping the terms that are independent of (m,n), the inflation
volatility Var (7w}*) can be expressed as

2 2 2
[W§t+1 + pkW§t+2:| + W5t+2 W5f+1 + Ws’+2 (A.52)

q m

Note that (A.52) is the same as the expression (34) for the infla-
tion volatility in the main analysis, except that under the mod-

ified Phillips curve, the discounting factor in {W;HI,WS’HQ}

% instead of O‘fp %. However, since % € (0,1), the
derivations in the proof of Proposition 4 for the effect of the infor-
mational properties (m,n) on the volatilities of inflation and output
apply equally. Accordingly, the comparative statics results remain

valid.
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