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Abstract

Sentiments, or beliefs about aggregate demand, can be self-fulfilling in models departing
slightly from the complete information benchmark in the New Keynesian framework. Through
its effect on aggregate variables, the policy stance determines the degree of complementarity
in firms’ production (pricing) decisions and consequently, the precision of endogenous signals
that firms receive. As a result, aggregate fluctuations can be driven by both fundamental

and non-fundamental shocks. The distribution of non-fundamental shocks is endogenous

to policy, introducing a novel trade-off between stabilising output and inflation. Both strong
inflation targeting and nominal flexibilities increase the variance of non-fundamental shocks,
which are shown to be suboptimal. Moreover, the Taylor principle is no longer sufficient to
rule out indeterminacy. Instead, an interest rate rule that places sufficiently low weight on
inflation eliminates non-fundamental volatility and thereby the output-inflation trade-off.
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1 Introduction

Economic forecasts often feature significant uncertainty, suggesting that a range of out-
comes may be possible. In part, this uncertainty reflects the interconnectedness of decisions
among agents. For instance, investment may be contingent on expected demand. Mean-
while, demand depends on labor market conditions, which in turn rely on supply. These
interdependencies imply that uncertainty about how others will behave, and what they
believe, may be a source of friction.

However, workhorse models for policy analysis typically abstract from such uncertainty.
Instead, by assuming that agents have common knowledge about the state of the economy
and its evolution, they limit the potential for fluctuations as a result of dispersed, yet cor-
related information. Such correlation is plausible, since information is often endogenous,
simultaneously reflecting and coordinating agents” actions. How agents use their signals
is reflected in their actions, which consequently affects the composition and equilibrium
informativeness of such signals. These information frictions leave room for sentiment, or
beliefs about aggregate demand, to be a source of fluctuations, orthogonal to those induced
by changes in fundamentals such as technology or preferences. Monetary policy, through
its effect on the strategic interactions of firms and households, can potentially engender or
inhibit such fluctuations.

This paper addresses the role of monetary policy in a model in which sentiment-driven
fluctuations can arise. Specifically, I embed decision-making under uncertainty about en-
dogenous outcomes into a New Keynesian model, building upon the framework proposed
by Benhabib et al. (2015). A continuum of firms is linked through factor prices and ag-
gregate demand externalities, as in the canonical model. While such linkages provide a
motive for coordination, firms lack common knowledge about the current economic state
due to dispersed information. They commit to production (pricing) before outcomes are
known, basing their decision on a signal that confounds aggregate and idiosyncratic de-
mand. Aggregate demand is both an endogenous outcome and a source of correlation.
Dispersed information impedes coordination among firms, while endogenous signals cor-
relate their actions. These features give rise to an equilibrium where sentiments, or beliefs
about aggregate demand, can drive fluctuations.

The main contribution of this paper is to use this framework to highlight a new channel
for monetary policy, qualifying conventional results about the nature of stabilizing policy.
Restricting our focus to rational expectations equilibria, beliefs about aggregate demand
are consistent with actual outcomes and vice versa. This refinement disciplines the dis-

tribution of sentiments with structural parameters, which include the stance of monetary



policy.! Through its effect on aggregate variables, the stance of policy will affect the degree
of strategic complementarity in production and therefore how firms optimally use their
signals to make production (pricing) decisions.” An individual firm’s production (pricing)
decision depends not only on expected idiosyncratic and aggregate demand but also how
they expect other firms to respond to these shocks. The range of potential outcomes will be
shaped by the nature of strategic interaction among firms. Hence, monetary policy affects
the distribution of sentiments, which will correspond to the actual distribution of aggregate
output in a rational expectations equilibrium.

Although the deviation from the benchmark New Keynesian model is minimal, the
policy implications differ due to the endogenous nature of sentiments. Policy itself be-
comes a source of fluctuations, as the frequency and size of shocks that affect the economy
are no longer invariant to its stance. Fluctuations that arise in this model can be non-
fundamental in nature, which introduces a new tradeoff for a policymaker whose goal is
to stabilize output and inflation. The endogeneity of non-fundamental volatility to the
policy stance implies that other predictions of the New Keynesian model no longer hold.
Responding strongly to inflation has a destabilizing effect by increasing the likelihood of
non-fundamental shocks, and hence output volatility. Adjusting the nominal interest rate
too strongly in response to inflation also leads to indeterminacy that arises from expecta-
tions of aggregate demand.

I extend these results to the case where beliefs about aggregate demand include both
a non-fundamental and fundamental component, such as a productivity shock. As in the
baseline model, these beliefs affect production decisions through the firms’ signal extrac-
tion problem. Information frictions will affect the transmission of fundamental shocks to
aggregate output, resulting in aggregate fluctuations with both non-fundamental and fun-
damental components. However, if the policymaker cannot distinguish between these two
sources of fluctuations, monetary policy can no longer implement the constrained efficient
allocation.

This paper builds on the extensive literature incorporating information frictions in macroe-
conomics (Mankiw and Reis, 2002, 2007, Woodford, 2003; Adam, 2007; Lorenzoni, 2009).

!Realizations of aggregate demand from this distribution are referred to as non-fundamental shocks, the
source of non-fundamental fluctuations. Since the baseline model abstracts from fundamental sources of
fluctuations in order to highlight the properties of non-fundamental shocks, sentiment and non-fundamental
will be used interchangeably. Under the assumed information frictions, there also exists an equilibrium
where aggregate fluctuations are driven purely by fundamental shocks. Appendix (E) considers the case
where sentiment (a belief about aggregate demand) includes both fundamental and non-fundamental shocks.

These results also hold in the case of firms that set prices under incomplete information (Appendix
D.2). Multiplicity of equilibria arises from endogenous signals inducing complementarities in actions, not
from strategic complementarity. Non-fundamental fluctuations occur with strategic substitutability and even
without coordination motives.



While earlier work explored conditions under which non-fundamental volatility can arise
in stylized settings (Azariadis, 1981; Cass and Shell, 1983; Cooper and John, 1988; Benhabib
and Farmer, 1994; Farmer and Guo, 1994; Wen, 1998), I contribute to a recent strand of lit-
erature that obtains non-fundamental fluctuations by introducing incomplete information
in otherwise unique-equilibrium macroeconomic models (Angeletos and La’O, 2013; Ben-
habib et al., 2015). In such models, equilibrium conditions impose more structure on the
process by which agents with dispersed information coordinate, facilitating richer policy
analysis.

The unique policy implications in this paper depend on the endogenous nature of sen-
timents, which builds on seminal work by Benhabib et al. (2015). Sentiments, as referred
to here and in Acharya et al. (2021) and Chahrour and Gaballo (2021) correspond to an en-
dogenous variable (in this case, aggregate demand) and are captured by dispersed signals
that coordinate agents” actions. As a result, the distribution of sentiments is determined
by structural parameters and corresponds to the self-fulfilling distribution of aggregate
ou‘cput.3

There, and in this application, the endogenous nature of sentiments arises from the
presence of endogenous signals. These signals are endogenous because they capture an
outcome that results from the optimizing behavior of agents. This characteristic is rele-
vant in many settings. In financial markets, for instance, prices emerge as noisy statistics
driven by traders’ decisions (Grossman and Stiglitz, 1980), while in goods markets and in
the broader economy, prices and macroeconomic indicators convey information about ag-
gregate actions (see e.g. Lucas, 1972; Amador and Weill, 2010, 2012; Vives, 2017; Gaballo,
2018; Acharya et al., 2021; Chahrour and Gaballo, 2021). Endogenous signals can also be
viewed as correlated signals, capturing the role of public forecasts, news, or surveys in
coordinating actions. A key theme that emerges from this literature is the relationship
between how agents use information to make decisions, and the information that is gen-
erated from their actions. This feedback yields notable results regarding externalities, the
informational efficiency of signals, and the tradeoff between socially optimal dispersion
and non-fundamental volatility.

Despite the relevance of endogenous information in macroeconomic contexts, existing
studies have not explored the role of monetary policy and its potential to shape outcomes

through endogenous signals. Benhabib et al. (2015) focus on a static environment and ab-

3Chahrour and Gaballo (2021) demonstrate the presence of equilibria with the same stochastic properties
to the sentiment equilibria discussed here, when forecasting errors occur on the household side. Households
misinterpret changes in idiosyncratic conditions as indicative of aggregate ones when deriving information
from an endogenous signal. This misattribution contributes to fluctuations in aggregate demand driven by
correlated forecasts of consumption across islands.



stract from policy implications. Building on this framework, I introduce a different produc-
tion structure with nominal rigidities. By embedding the static equilibrium from Benhabib
et al. (2015) in the New Keynesian model, I formalize a channel through which monetary
policy affects strategic interactions among firms and consequently, the distribution of ag-
gregate outcomes. I study optimal monetary policy in this framework and I extend this
analysis to the case where both fundamental and non-fundamental shocks drive aggregate
fluctuations.

Endogenous signals and the nature of sentiments in this model lead to different policy
conclusions compared to Angeletos and La’O (2019). Considering signals that are purely
exogenous, they find that policy cannot improve on the decentralized outcome, as the econ-
omy responds efficiently to non-fundamental fluctuations that arise due to dispersed infor-
mation. Instead, the volatility of sentiments featured in this model will be endogenous to
policy, allowing the policymaker to shape outcomes through its influence on the degree of
coordination in firms” actions, and thereby the precision of the signals they receive. The
policymaker should, and can, eliminate non-fundamental fluctuations, as they represent
an inefficiency in the use of dispersed information. This paper contributes to this literature
by studying optimal monetary policy under uncertainty about endogenous outcomes.

The optimal policy exercise takes as a benchmark the notion of constrained efficiency
(Angeletos and Pavan, 2007, 2009) and extends it to the case of endogenous signals and
multiple equilibria. In highlighting the informational efficiency role of monetary policy,
this paper shares similarities with Paciello and Wiederholt (2014). The authors consider
a model with costs of acquiring information about fundamental shocks. A policy aimed
at price stability incentivizes price setters to pay less attention to mark-up shocks, thereby
eliminating the tradeoff between output volatility and price dispersion. I also show that
monetary policy affects the information environment, but through strategic interactions
among firms whose actions shape the endogenous signals they receive. In this paper, policy
that pursues price stability increases strategic complementarity in firm production, which
will increase the weight that firms place on the correlated component of their signal. This
amplifies the non-fundamental shocks that can arise in this model, which affects the pre-
cision of the signals that firms receive. Angeletos et al. (2020) also study the ability of
monetary policy to influence the precision of endogenous signals, but in a different busi-
ness cycle context. Unlike the results in this paper, monetary policy that leans even more
against the wind (relative to the one that implements flexible prices) attains the socially
optimal allocation.

The rest of the paper is organized as follows. Section (2) presents a stylized model illus-

trating how information frictions generate non-fundamental aggregate fluctuations, where



the volatility is determined endogenously. I highlight some key results that are important
for understanding the main conclusions of this paper. Section (3) introduces the bench-
mark model, embedding the dynamics of the preceding section in a richer, micro-founded
business cycle model with Calvo wage rigidity to analyze the effect of monetary policy on
equilibrium outcomes. Optimal monetary policy is considered in Section (4). Section (5)

concludes the paper.*

2 Stylized Model

The abstract model in this section demonstrates how sentiment-driven fluctuations can
arise with two plausible features of a decentralized economy: interconnectedness and en-
dogenous signals. First, economies consist of agents who simultaneously make decisions
before knowing aggregate outcomes. Their payoffs are interdependent, as the decisions
of any agent depend on the expected decisions of others. In this framework, it is reason-
able to assume that agents monitor signals that are informative of others” action (Coibion
et al., 2018; Hellwig and Veldkamp, 2009). This motivates the second feature, where agents
make decisions based on a signal that is endogenous, as it reflects the aggregate actions of
agents. For example, firms may receive advance orders or conduct market research that
provides information about aggregate and idiosyncratic demand. These features lead to
an equilibrium in which endogenous signals induce correlated actions, yielding aggregate
fluctuations even in the absence of fundamental shocks. In this equilibrium, there exists
a distribution for sentiments such that for each realization of the sentiment shock, actions
confirm beliefs.

This section uses a beauty contest, a class of games featuring weak complementarity and
linear best responses taken under incomplete information, to illustrate the role of strategic
interactions and information dynamics in shaping economic outcomes. Given the preva-
lence of these features within economic interactions, there are many applications of beauty
contests in macroeconomic models (Morris and Shin, 2002). These include the pricing deci-
sions of monopolistically competitive firms (Woodford, 2003; Hellwig and Veldkamp, 2009)
and investment decisions of firms (Angeletos and Pavan, 2007).

Building on Benhabib et al. (2015), this section demonstrates how policy, through its

effect on the strategic interactions of agents, can potentially engender or inhibit such fluc-

4 Appendix (D.2) shows that these results extend to a model with price rigidity. For reference, the flexible
wage and flexible price case are presented in Appendices (C) and (D.1). While the baseline model abstracts
from fundamental sources of fluctuations to focus on the role of information frictions in generating aggre-
gate volatility, Appendix (E) introduces technology shocks to demonstrate that the results are robust to the
presence of fundamental shocks.



tuations. The channel of monetary policy in this model relies on a key mechanism: the
informativeness of endogenous signals depends on agents’ behavior. Through its effect on
aggregate variables, the stance of monetary policy affects how firms use their information.
That is, policy will affect the set of plausible (rational expectations equilibrium) outcomes
and therefore how much of their signals firms attribute to aggregate demand. In turn,
aggregate actions across firms determine the precision of endogenous signals that firms

receive.

Beauty contest. A continuum of agents, indexed by j € [0,1], choose action y; to max-
imize expected utility. This action minimizes the expected distance from an idiosyncratic
fundamental, ¢; ~ N(0, 0?2), as well as the expected distance between its action and the

actions of others (y).

Iflan]E[—“(yj —¢j)> — By; — v)°ILj]. (1)
]
Let I; denote the information set of agent j and let y represent the aggregate action across

agents,

1
y= /0 y;dj. (2)

The parameters a and B capture the importance that agents place on their action being
close to the fundamental and their desire to coordinate, respectively. If B < 0 (8 > 0),
agents’ actions are characterized by strategic substitutability (strategic complementarity). It
follows that the best response of agent j is a linear combination of the fundamental and the

aggregate action, given a unique information set (I;)

yj = Elag; + By|[j]. 3)

Endogenous signal. Suppose I; = s;, a signal that confounds the idiosyncratic fundamen-

tal (¢;) and the aggregate action taken by agents (y),
sj=Agj+ (1= A)y. (4)

The idiosyncratic component of the signal is weighted by A € [0,1], which is known to
agents.
Note that s; shapes agent j’s beliefs about their idiosyncratic fundamental (¢;). By sym-

metry, the signal also shapes agent j’s beliefs about others” information. For the results that



follow, it may be useful to consider two alternative interpretations of this signal: (i) as a

noisy signal of the idiosyncratic fundamental (¢;), whose precision is inversely related to

2
Ty

gate action. In this setting, the signal has strategic value in the sense that it is informative

or (ii) as a correlated signal, where the common component corresponds to the aggre-
of what others know.

Equilibrium. To consider an equilibrium in which y may be stochastic, conjecture y ~
N(0, U‘;-). In this case, the signal that agents receive is noisy and they use Bayesian weight-
ing to disentangle its components. The optimal weight for the signal (y) reflects the volatil-

ities of its components, (782 and (75,5

adof + B(1— Aoy
Ui = Aoz (1 Aoz Lot (L2 A )

H

~~

One implication from (5) is that agent j’s best response conditional on their signal will
also depend on how others will respond conditional on their signal. The latter is captured
by the endogenous outcome, y, which aggregates the equilibrium strategies.

By (2), the aggregate action across agents is then

1 aAZ+B(1-A)oy
y_/() yjd] = /\20.82_|_(1_/\)20.y2 (1_)‘)]/' (6)

Since y is an endogenous variable and decisions are made before outcomes are known, it
is the belief about y’s distribution ((75) that shapes its realization. It is in this sense that y is
indeterminate.

Finally, imposing y = y pins down the rational expectations equilibrium. A rational
expectations equilibrium consists of an aggregate action (2), an endogenous signal (4), and
an individual best response (5) which maximizes expected utility (1) given all available
information. This information includes the endogenous signal and 05, which parameter-
izes the distribution of aggregate outcomes, y. The rational expectations condition requires
realized outcomes for y to be consistent with beliefs about its distribution.

Under this information structure and among Gaussian random variables, the rational

expectations equilibrium is pinned down by a particular O’yz, which is shaped by parameters

SConsistent with rational expectations, Bayesian weighting assumes that agents know the model and the
distribution from which shocks are drawn, but they are uncertain about the realization of the shock. The
expectation of fluctuations leads agents to take actions that confirm such fluctuations. This logic can be
extended to the case of autocorrelated non-fundamental shocks (see Acharya et al. (2021)).



that specify the relative weight agents place on their objectives («, f),°

A “_L
2 -2 2
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This implies that an agent’s best response takes into account others” best responses. For

agent j, (75 is a sufficient statistic for others’ equilibrium strategies. In conjunction with
their signal, (75 helps to infer the stochastic state y.

Agents face a signal extraction problem and their optimal response to the idiosyncratic
fundamental differs from their optimal response to the aggregate outcome. If agents con-
dition their response on a dispersed, endogenous signal, there can be a non-fundamental,
or sentiment equilibrium in which y is stochastic, but its distribution is endogenously de-
termined. This feature illustrates the endogenous nature of sentiments in this model. Al-
though vy is an endogenous variable corresponding to the aggregate action across agents,
its realization is indeterminate since any y ~ N(0, (75) satisfies the equilibrium conditions.
As the conjecture and its confirmation show, y is stochastic, even in the absence of any ag-
gregate shocks. Instead, the distribution from which y is drawn is determined by structural

parameters.

Key properties of the equilibrium To understand the main findings on this paper, I high-

light some key features that emerge from this framework.
1. A fundamental equilibrium (Uy2 = 0) with y = 0 always exists.

2. A non-fundamental equilibrium (c@2 > 0) exists if agents want to respond differently to
the two components of their signal, but it is sufficiently difficult to distinguish between
them, i.e., if B < 1, the non-fundamental equilibrium requires & > ﬁ This can also
be restated in terms of a restriction on A: if B < 1, then O'yz > 0if A € (0, %), ie,
equilibrium multiplicity exists if the signal is sufficiently correlated with y. Conversely,

if B > 1,then(7§ >0if A € (lx"‘?,l).7

3. If A = 0, the non-fundamental equilibrium requires f = 1. The non-fundamental equi-
librium is not knife-edge, since it exists for a range of parameterizations of &, 8, A and is

stable under constant gain learning and other simpler learning rules. This equilibrium

® Agent j chooses action yj to minimize the loss between their action and the aggregate action (y, a random
variable), given a quadratic loss utility function. To simplify our analysis, assume that the aggregate action
is normally distributed so that the conditional expectation of y given the signal s, is linear.

"The case of B > 1 typically generates explosive dynamics in a linear system. Nevertheless, in this equi-
librium, a more than proportionate response of y; to y is moderated by the endogenous signal, if the signal is
only weakly related to y.



is robust to a range of parameterizations since the endogeneity of the signal ensures that

the best response of agent j has a slope of one.®”

4. The degree of complementarity or substitutability in actions (parameterized by B) affects
the distribution of aggregate outcomes. By the rational expectations condition in (7),

how agents use their signal affects its precision as an indicator of ¢;,

8‘75 A “_ﬁ 2
B 1-A\[1-p2)%

When agents hold rational expectations, a property of equilibrium strategies is that the

variance of aggregate outcomes will depend on the nature of strategic interaction. When
B changes, the rational expectations equilibrium condition that pins down (75 implies that
agents internalize how others will respond by adjusting their beliefs about the distribu-
tion of aggregate outcomes. In a rational expectations equilibrium, strategies and beliefs
(05) are therefore consistent with model parameters, including the nature of interaction (J)
among players. In other words, agents have expectations that are consistent with the model
framework and the equilibrium strategies of others. Strategic complementarity amplifies
non-fundamental fluctuations, while strategic substitutability diminishes it.'"

This simple framework, which nests a form of the New Keynesian model, allows us to
highlight a few results that may be helpful for understanding the positive and normative
effects of monetary policy in the richer model and its robustness to fundamental shocks.
These results arise from the key feature that model parameters pin down the distribution

of equilibrium outcomes.

Alternate channel for policy. The features of the non-fundamental equilibrium imply
that a policy rule can affect equilibrium outcomes through its influence on the nature of

strategic interaction among agents. Consider a policy rule (w = ¢y) and modified version

8In the case of A = 0 and payoff irrelevant noise (sj = y +vj), a non-fundamental equilibrium exists
when B > 1. See appendix (B.3) for an explanation of why, when firms’ actions are strategic substitutes, a
sentiment-driven equilibrium exists only if the private signal contains ¢; and z; in proportions different from
the firms’ first order condition; i.e. where A # a and (1 — A) # B.
9See Benhabib et al. (2015) for a discussion of off-equilibrium dynamics and equilibrium stability under
constant-gain learning. In a similar framework, Chahrour and Gaballo (2021) use adaptive learning to study
the stability properties of alternate equilibria.
19Tn the absence of a coordination motive (8 = 0), aggregate fluctuations would still exist. In this case, the

equilibrium is pinned down by aj = ﬁ (oc - ﬁ) 02. This underscores how the reliance of each agents’

action on the aggregate action (through the signal) can induce complementarities even if the primitives of the
model do not feature any coordination motive.



of the best response function of agent j,
Y; zlE[ocsj+,[§y—Tw|I]-]. (8)
Note that this best response is isomorphic to (3) for g = B — T¢.

Information externality. In the non-fundamental equilibrium, there is a fixed point rela-
tionship between how agents react to available information and how information is gener-
ated from their actions. In terms of model concepts, the precision of the private signal (s;)
as a measure of the idiosyncratic fundamental (¢;) depends on the actions of agents. As a
result, there is an information externality in which the use of information by agents affects
its aggregation. In other words, the best response of each agent, conditioning on their sig-
nal, affects the aggregate response. The aggregate response in turn affects the precision of

the endogenous signals that agents receive.

Fundamental shocks. Non-fundamental fluctuations in y occur even in the absence of ag-
gregate fundamental shocks. Instead, aggregate fluctuations are the result of agents misat-
tributing aggregate dynamics to idiosyncratic dynamics in their signal extraction problem.
In this framework, non-fundamental fluctuations occur as endogenous signals (which are
informative about the actions and beliefs of others) correlate agents” actions and beliefs.
The size of this correlated component varies with the weight that agents place on various
objectives (« and ), which reflects how agents’ actions affect the precision of their signals.

While y can be driven entirely non-fundamentally, this does not preclude y from being
driven by fundamental sources of fluctuations as well. When agents condition on an en-
dogenous signal, the sentiment equilibrium follows from verifying a conjecture that y is
stochastic. These results established for this equilibrium do not depend on whether y is

stochastic as a result of fundamental or non-fundamental sources.

3 Extended Model

The abstract model in the preceding section demonstrated how sentiment-driven fluc-
tuations can emerge within a framework where endogenous signals lead to correlated ac-
tions. This simple framework nests a form of the New Keynesian model. In this section, I
introduce the following deviations from the standard New Keynesian framework to study
the effects of monetary policy in the non-fundamental equilibrium. Households form be-
liefs about consumption and set wages consistent with their beliefs, under Calvo wage
rigidity (see Appendix (C) for the flexible wage case). Their beliefs about consumption

10



will be incorporated into a signal that firms receive. Monopolistically competitive firms
choose quantity produced, a response that is characterized by strategic complementarity
through higher aggregate demand, as well as strategic substitutability through the effect
of the real wage on marginal cost. Firms make production decisions (and therefore labor
demand decisions) before demand is known. They decide production, conditional on an
endogenous signal that confounds idiosyncratic demand (¢;;) and aggregate demand (y;).
Monetary policy follows a simple Taylor rule, targeting wage inflation and output.'!

Firms make production decisions before demand is realized, while households make la-
bor supply decisions and consumption plans before production takes place. Under these
timing assumptions, firms’ decisions are based on expected demand and households deci-
sions are based on expected income. This leaves room for beliefs about aggregate demand
to influence aggregate output in equilibrium.

To the extent that monetary policy affects firms’ use of information, it will influence the
precision of the endogenous signals they receive in equilibrium. Information frictions pro-
vide a new channel for monetary policy to affect aggregate outcomes, challenging some
standard results of the New Keynesian model regarding stabilization policy. First, both
wage flexibility and a strong response of the nominal interest rate to wage inflation intro-
duce non-fundamental fluctuations, thereby increasing the volatility of output. Second,
such fluctuations introduce a new tradeoff between stabilizing output and inflation. Third,
the Taylor principle is no longer sufficient to rule out indeterminacy from expectations of
aggregate demand.

3.1 Households

Following Erceg et al. (2000), there is a continuum of differentiated labor services in-
dexed by i € [0,1], all of which are used by each firm. Each households specializes in one
type of labor, which it supplies monopolistically. Households face Calvo wage rigidity: in
each period, only a constant fraction (1 — 6;) of labor types, drawn randomly, are able to
adjust their nominal wage.

Optimal Wage Setting. Consider the wage chosen by a household that is able to re-
optimize. Household i, supplying labor N;;, chooses wage W;; to maximize utility (see

Tn a model with nominal wage rigidity and completely flexible prices, a policymaker attains the Pareto-
optimal social welfare level by stabilizing wage inflation (Erceg et al. (2000)). For this reason, the baseline
model features wage stickiness and a policy rule that targets wage inflation. See Appendix (D.2) for the case
where firms set prices under Calvo price rigidity and the policymaker seeks to stabilize price inflation.

11



Appendix (B.2) for robustness to alternate preferences on labor supply),

max [E;
it

00 1*’)/
2. (p0w) (% +¥(1- Nz-,t+k|t>)] - ©)

Let Cj; g and Nj; g, represent the consumption and labor supply in period ¢ + k of a

household that last reset its wage in period t. Household i's consumption index is given
by

1 1 -1 i1
Cip = {/0 ijit 1]t d]} ’

where C;;; represents household i’s consumption of good j and 6 > 1 the elasticity of
substitution between goods. The idiosyncratic preference shock for good j is log normally
distributed (¢j; = logej; ~ N(O, 0?)). The exponent é on €;; is intended to simplify
expressions.

As Calvo-type wage setting is a constraint on the frequency of wage adjustment, equa-
tion (9) can be interpreted as the expected discounted sum of utilities generated over the
period during which the wage remains unchanged at the level set in the current period.
Optimization of (9) is subject to a sequence of labor demand schedules and flow budget
constraints that are effective while W, is in place. Labor expenditure minimization by

tirms implies the following demand for labor (see Appendix (B.1) for intermediate steps),

*

W, ~Cw
1,
Ntk = <Wt+k> Nt ik, (10)

where Ny = fol N; ++r dj denotes aggregate employment in period t + k. Households face
budget constraint

Py 1 kCipkpt + Brak(Qit ks k1 Dipir1)e) < Dipse + Wit N gk + M (11)

where D, |, represents the market value of the portfolio of securities held in the beginning
of the period by a household that last reoptimized their wage in period t. The correspond-
ing market value in period t + k of the portfolio of securities purchased in that period,
By 1 (Qt sk t+k+1Dpsk41)¢), yields a random payoff D, 4. I represents dividends from

ownership of firms.
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The first order condition associated with this problem is

[ee]

WiTt Ew .
Z 1t+k|tuC(Cz t+-k|ts zt+k|t) Pr o e — 1MRSi,t+k|t =0,
w

uVl Cz 1,
where U(C,N) = Cl 4 (1-N), U = aC’ and MRS;; y; = UCECL:;I:I: 1:::)) Log:

linearizing this expressmn an approximate expression for the optimal wage is given by

* € >
w;, = log (sw = 1) (1 - Bow) Z Vi (mrs; kit + Prok)-

Assuming full consumption risk sharing across households, facilitated by a complete set of
securities markets that equalizes the marginal utility of consumption across households, all
households resetting their wage in a given period will choose the same wage, w;, as they
face the same problem. An alternative expression for the optimal nominal wage chosen by

monopolistically competitive households who can adjust in time ¢ is given by

wy = BOuEH(wiiq) + (1 — pby) (wr — [1 - qu’]flﬁ?})r (12)

where /i = ui’ — u® defines the deviations of the economy’s log average wage markup

(4 = wy — pr — mrs;) from its steady state level (u®).
Defining W; as the aggregate nominal wage index,

e L]

the evolution of the aggregate wage index is given by

1

Wi = W] + (1= 60) (W)~ | 7
Log-linearized around a zero wage inflation steady state,
wy = Opwi_1 + (1 — Oy)wy. (13)

Combining (12) and (13) yields the New Keynesian wage Philips curve, which describes

the resulting dynamics for wage inflation,

w __ w AW
y = BEt 1 — Awfly
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(1—6)(1—pbx)

where A, = Te(iteog)

is a measure of wage flexibility and I}’ = @] — y¢;.

Intertemporal consumption. Optimizing consumption intertemporally for a household
that last reset its wage in t — k yields the following condition,

Ue(Cri1, Npy1jp—k) Py

— BE )
Qr = Pl Uce(Cr, Nyjp—k)  Pea
Letting i = —InQ; (the nominal yield on a one-period bond) and the discount rate
p = — In B, this is log linearized as follows,
A A 1. .
Cy = ]Efct+1 — ;(lt —Pp— ]Etnt+1)- (14)

At this point, production has not yet taken place, so actual output and consumption are
not yet known. Households only form demand schedules for each differentiated good and
labor supply schedules, all contingent on shocks to idiosyncratic demand (¢;;) and shocks

to aggregate demand (Z;), to be drawn from their respective distributions.

3.2 Intermediate goods firms

A continuum of monopolistically competitive intermediate goods producers indexed
by j € [0,1] decide production Y;; before knowing idiosyncratic demand (¢;,) or aggregate
demand (Y;). Instead, they infer these shocks from a signal (S;;) that is endogenous in
the sense that it captures aggregate demand, an endogenous variable. This signal, which
can be interpreted as early orders, advance sales, or market research, captures both the
idiosyncratic preference for good j and the household’s belief about consumption (Z;). Let
logej; ~ N(0,02) and if Z; is stochastic, conjecture log Z; ~ N(¢o, 07),

Sip = €Nz (15)

Given the household’s labor supply schedule and demand schedule for good j, interme-
diate goods producers choose Yj; to maximize nominal profits (IT;; = P;;Yj; — WiN;;)

subject to production function Y;; = ANj,,

1-3 1 W
maxlEt Pth,t 6(€]~,th)9 _Ztyj't‘sj't .

Y,
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The first-order condition for the firm’s optimal production decision is

1 1 1p 0
Y, = {(1 _ 5) AF, (egtyte_ft\sj,tﬂ . (16)

Log-linearizing this condition around the steady state,

—~

Uit = Ei[&j ¢ + g1 — 0514 (17)

From (17), higher aggregate demand affects firm j’s optimal production decision in two
opposing ways: while it leads to an increase in demand for good j (strategic complemen-
tarity), the real wage will also be higher (strategic substitutability through marginal cost).
For standard calibrations of this model, the first effect (derived from households” optimal
consumption across goods) is dominated by the second (which follows from the wage set-
ting decision of household). Although firms” actions are generally strategic substitutes,
the next sections will show that the rational expectations equilibrium may not be unique
if firms base production decisions on an endogenous signal that confounds aggregate and

idiosyncratic demand.

3.3 Central bank

A credible central bank commits to setting the nominal interest rate to target wage infla-

tion and output,

it = o+ Pr7t + Pyl

3.4 Timing

A key feature of this model is that decisions are made by firms and households before
goods are produced and exchanged, and therefore before market clearing prices are re-
alized. Consumption and labor supply decisions are made by households, while among
firms, endogenous signals correlate beliefs and therefore production and employment de-
cisions. This feature leaves room for a continuum of beliefs about aggregate demand to
satisfy the equilibrium conditions under rational expectations. To see this more clearly,
the timeline below delineates the sequence of actions by consumers, firms, and the pol-
icymaker. Let Z; denote households’ belief about aggregate demand and ¢€;; represent
idiosyncratic demand for good j.

1. Households form expectations for aggregate income, based on their beliefs about ag-
gregate demand, Z;. They form demand schedules for each good, (Cj,t(Zt, e]-,t)). A

15



fraction (1 — 0y) of households can optimize, setting wages Vg—?(Zt) consistent with
their beliefs about aggregate demand and the expected aggregate price level.'” These
schedules are contingent on expected prices Pf(Z;) and P]? t(Zt, ej,t), which are deter-

mined when goods markets open.

2. Firms believe that aggregate demand may be stochastic. However, they are unable to
observe aggregate demand and idiosyncratic demand, and they must infer the two

shocks from a private signal that confounds them (S;; = e].A,tZtl_)‘).
3. The central bank commits to setting the nominal interest rate on bonds Q¢(Z;).

4. Firms decide production Yj;(S;;) and hence labor demand N;j,(S;;), based on their
signal. At this point, the goods markets have not yet opened and goods prices have

not been realized.

5. The goods market opens and Z;, €;; are observed by all agents. P;; adjusts so that

goods market clears (Cj/t = lef, Ct = Y}) and state-contingent contracts are settled:
it

the real wage WT(Zt) for the (1 — 0y) households who have reset wages. I1;(Z;) and

t
IT¥(Z;) are consistent with Z;.

6. In any rational expectations equilibrium, Z; = C; = Y;.

3.5 Rational Expectations Equilibrium

A rational expectations equilibrium satisfies the following system of equations. Wage
inflation dynamics follow from households optimizing wages subject to Calvo-type con-

straints on the adjustment frequency,
iy = BEsm  — Aw (W — vEy). (18)
Optimal inter-temporal consumption is given by the Euler equation,
A . 1. .
Ct = IEtCt—H — ;(lt —Pp— Etﬂt+1). (19)
Firm production, conditional on signal s; ; is

Ui = ]Et[?:]-,t + 0 — ewﬂs,,t], (20)

12The degree of wage flexibility (A,) and the policymaker’s response to wage inflation (¢¥) determine
how much the real wage is expected to change (or how much the price level falls for a given nominal wage).
These parameters, known the households, determine an equilibrium relationship between real wages and
sentiment.

16



where
sip = A&+ (1 —A)Zy. (21)
The central bank follows the policy rule
it =P+ 7ty + dy7- (22)
Market clearing implies
Tt = Ct.
The real wage identity can be used to determine equilibrium price inflation,
Wiy = Wp + A — A
Lastly, beliefs about aggregate demand are correct,
2 = 1. (23)

Definition 1. A rational expectations equilibrium is a sequence of allocations {C(Z;),Y(Z;),
Cj(Zt,e]-,t),Y]-(Zt, ej,t), N(Zt),Nj(Zf,ej,t),H(Zt)},prices {P, = 1,P]~(Zt, ej,t), Wy =W(Z),Q: =
Q(Z:)}, and a distribution of Zy, ¥(Zy), such that for each realization of Z;, (i) equations (12)
and (14) maximize household utility given the equilibrium prices Py = P(Zt),let = P]-(Zt, (—:]-,t),
Wy = W(Z;), and Q; = Q(Z;) (ii) equation (16) maximizes intermediate goods firm’s expected
profits for all j given the equilibrium prices Py = P(Z;), Wy = W(Z;), and the signal (15) (iii) a
credible central bank commits to setting the nominal interest rate in response to wage inflation and
output (22), Qr = Q(Z;) (iv) all markets clear: Cit = Y]-,t,N(Zt) = fol N;;dj, and (v) expecta-
tions are rational: households’ beliefs about Wy, Py and 117, I1; are consistent with their belief about
aggregate demand Z;, and Yy = Zy, so that actual aggregate output follows a distribution consistent
with F.

There exist at least two rational expectations equilibria: (i) a fundamental equilibrium and

(ii) a non-fundamental equilibrium.

Fundamental equilibrium. Under the signal given by (15), there is a unique fundamental
equilibrium with constant output, §; = 0. Beliefs about aggregate demand do not play a
role in determining the level of aggregate output. The properties of the fundamental equi-

librium are well known; if we had assumed exogenous sources of fundamental variation,
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such as technology or markups, then these would be the drivers of fluctuations in aggre-

gate output in this equilibrium.

Non-fundamental equilibrium. There also exists an equilibrium where aggregate out-
put, ¥, is stochastic and corresponds to self-fulfilling beliefs about aggregate demand, Z;.
This equilibrium is pinned down by a distribution of non-fundamental shock, ¢2, such that
for every realization of the non-fundamental shock, firms” expected aggregate demand is
equal to realized aggregate demand, households’ expected aggregate income is equal to
realized aggregate output, and expected prices and real wages are equal to realized prices

and real wages. The rest of this section will focus on the results of this equilibrium.'?

Consider an iid non-fundamental shock (¢; ~ N (0, 0?)) and conjecture policy functions for
Ct, Wy, 71, and 7t)” where the state variables are Z;, @ ;. The following policy functions

verify the conjecture

Cr =%y, (24)
1+ A%
14+ A%
Aw
w Y s
_ 2
T} T Ayl t (26)
Y1+ Awdiy) ‘|‘4’y(1+)\w) X r
—— ) 27
Tt 1 /\w(l)?r} Zt + W4 (27)

The policy function for the real wage (25) indicates that it increases in response to a positive
sentiment shock. This occurs through a fall in price inflation (27) that exceeds the fall in
wage inflation (26). Firm j’s optimal production decision (20), incorporating the relation-

ship between the real wage and sentiments (25) is given by

1+ Awgp? !

aw

Ui =E¢ |&p+ [1-6

-

Sj,t ’ (28)

where a,, = %—ng. Note that the best response of firm j is isomorphic to (3) with § =1 — 6ay,

and that comparative statics in p imply the comparative statics in (¢, Aw). Through its

13 Appendix (E) will demonstrate the robustness of these results to the case where aggregate fluctuations in
the non-fundamental equilibrium have a fundamental and non-fundamental component. In that extension,
the fundamental equilibrium will exhibit fluctuations driven by technology shocks.
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effect on the real wage, the stance of monetary policy (¢7 relative to ¢,) and the degree of
wage flexibility (Ay) affects strategic interaction among firms. Policy therefore regulates
strategic complementarity, as discussed in Section 2. Conditional on its signal (21), firm j’s

best response is

. A+ (1—=A) (1 —bay)o?
Yt = T N2 (1 A)202

(A&jr + (1= A)2p). (29)

Summing across firms, aggregate output is

oA+ (1-2) (1—9aw)c7§(1
st A202 + (1 — A)202

— M)z

In a rational expectations equilibrium, there is a fixed-point relation between expectations
of aggregate demand and actual aggregate demand (23), which pins down a distribution
for aggregate output

(30)

Non-fundamental volatility, and hence output, is determined by structural parameters. In
a rational expectations equilibrium, monetary policy affects the optimal response of firm

production to aggregate demand, which shapes the distribution of aggregate output.

Proposition 1. Policy stance affects non-fundamental volatility
Let A € (O, %) There exists a sentiment-driven rational expectations equilibrium where aggregate
output is stochastic, with variance increasing in ¢7) and Ay, and decreasing in ¢y,

o LAt A1-2)) 5
T Augi) + gy (1-A)20°F

(31)

Discussion. Proposition 1 states that the stance of monetary policy affects the volatility
of self-fulfilling beliefs about aggregate demand. Before discussing the effects of monetary
policy on non-fundamental volatility, note that self-fulfilling fluctuations occur even in the
absence of changes in the nominal interest rate. Consider the case in which interest rates
are constant (¢ = 0, ¢, = 0). Without loss of generality, consider the scenario of a positive
sentiment shock, which induces firms to produce more. For demand to accommodate in-
creased supply, the price of consumption must fall and the marginal benefit of labor must
increase. This occurs through a fall in the price level that exceeds the fall in nominal wages
due to sticky wages. From the perspective of the household, this increase in the real wage is

consistent with an increase in aggregate demand, with the same magnitude as the positive
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sentiment shock.

Next, to understand the effects of monetary policy, consider a policymaker who sets the
nominal interest rate according to a Taylor rule where ¢ # 0, ¢, # 0. Consider how a
positive sentiment shock transmits in this model using equilibrium conditions (18) - (23).
Combining the Euler equation and the Taylor rule, a fall in wage inflation prompts a fall
in interest rates, which stimulates aggregate demand.!* By the New Keynesian Philips
Curve for wage inflation, for wage inflation to fall when aggregate demand increases, the
real wage must increase. From the household’s perspective, an increase in consumption
is consistent with a fall in wage inflation if prices are expected to fall by even more. A
positive sentiment shock is therefore associated with an increase the real wage.'® This can
be verified by the policy functions (25) - (27). Following a positive sentiment shock and
for reasonable parameterizations (y > 0,Ay > 0,¢, > 0,¢7 > 0), the real wage increases

through a fall in price inflation that exceeds the fall in wage inflation (%—2 < aa%),

E)_zt 8zt

As a common marginal cost, how the real wage co-varies with sentiment will affect the
degree of strategic complementarity in firm production (B). On the supply side, consider
how these policy functions shape firms’ beliefs about possible outcomes. By (23), a rational
expectations equilibrium is pinned down by firms’ beliefs about the distribution of aggre-
gate outcomes. A positive sentiment shock affects firm j’s optimal production through two
opposing channels. First, and as previously discussed, the real wage increases (%—ZE > 0)
with a positive sentiment shock, raising marginal cost. However, an increase in aggregate
demand also increases demand for good j. As the first effect dominates (0a,, > 1), the
optimal response of a firm to a sentiment shock will be to reduce production when sen-
timent increases (see (28)). In other words, firm production is characterized by strategic
substitutability.

4The real interest rate, 1y = iy — E;7¢1q, falls in one of two ways: either the nominal interest rate falls
and/or expected price inflation increases (current price level falls), since E¢7t;1 = [E¢ps1 — pr. In response
to an 7id sentiment shock and a central bank that targets wage inflation, expected price inflation (27) is equal
to the real wage. In this model, for expected price inflation to increase, either the real wage increases or the
current price level falls.

15Conversely, consider the process through which a negative sentiment shock transmits in this model. A
fall in demand follows from an increase in interest rates (19), which is prompted by an increase in wage
inflation (22). An increase in wage inflation is consistent with a fall in demand if households expect prices to
increase by even more than wages, which amounts to a fall in expected real wages (18). A negative sentiment
shock is therefore associated with a fall in the real wage. The inverse co-movement of nominal variables and
expected demand is consistent with households having a supply-side view of inflation (Candia et al., 2020;
Hajdini et al., 2022).
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As individual firm j internalizes the possibility that other firms will increase production
in response to an increase in sentiment, substitutability in production implies that firm j
will attenuate their production in response to an increase in sentiment. Aggregated across
all firms, production will be muted in response to an increase in sentiment, compressing the
distribution of outcomes. Actual aggregate output shapes beliefs, and vice versa: in equi-
librium, beliefs about volatility in aggregate demand determine actual aggregate output.
By Proposition 1, there is a rational expectations equilibrium where aggregate demand (Y;)
is stochastic, and any realization from a distribution parameterized by O’yz clears markets. In
summary, the stance of monetary policy affects aggregate outcomes through a new chan-
nel. Through its influence on the nature of firm coordination, it affects firm production,
and hence aggregate output and beliefs thereof.

Note that this proposition requires a restriction on A, which parameterizes the relative
weight of the idiosyncratic component in a firm’s signal. Surveys of firms suggest that ex-
pectations of marginal costs depend on both firm-specific and aggregate factors (Coibion
et al., 2018; Okuda et al., 2021). Conventional wisdom holds that idiosyncratic conditions
may be more salient to firms than aggregate conditions (Born et al., 2023). However, Flynn
and Sastry (2023) document that firms pay increased attention to macroeconomic condi-
tions when economic conditions are poor. Boneva et al. (2020) further suggest that the im-
portance of idiosyncratic versus aggregate factors varies depending on the macroeconomic
variable being forecasted. Firm-specific influences are particularly important for expecta-
tions of price and wage growth, new orders, and employment, while aggregate factors play
a larger role in wage growth forecasts, although less so for price growth expectations. Fi-
nally, Afrouzi (2023) shows that firms with more competitors allocate greater attention to

aggregate variables.

Role of ¢% and A,,. Next, consider how equilibrium outcomes are affected by the response
of monetary policy to wage inflation (¢%) or the degree of wage flexibility (Ay). In an equi-
librium where these beliefs can be self-fulfilling, stabilizing wage inflation or introducing

wage flexibility increases the volatility of realized output,

oz Awdy A1=2A)
9% [y(1+ Awopl) ¢, 2 (1—7)26 oy >0,
o0z _ PPy A(1—217) ,

> 0.

M [T+ Aap®) + oy (1—1)20

To illustrate this point, note that these parameters will determine the degree to which

a fall in the nominal interest rate substitutes for an increase in the real wage required for
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a positive non-fundamental shock to be self-fulfilling. Both an increase in wage flexibility
and a stronger response to wage inflation have the same effect of mitigating the degree to
which the real wage rises when beliefs about aggregate demand increase. This is because
a strong response to wage inflation (¢}’) caps the amount by which wage inflation needs to
decrease in order to trigger a fall in the nominal interest rate required for a given sentiment
shock. By (18), in order for wage inflation to fall when aggregate demand rises, the real
wage must increase. However, if nominal interest rates are very sensitive to changes in
wage inflation, or if wages are flexible, this mitigates the extent to which the real wage
must increase to reach a given level of wage deflation.'°

To summarize, in an equilibrium with nominal rigidities, changes in the real wage are
a by-product of changes in the interest rate that are required to bring about a given senti-
ment shock. This implies that ¢ and Ay, will determine to degree to which the real wage
increases (decreases) in response to a positive (negative) sentiment shock. In the terminol-
ogy of Section 2, firms’ production decisions are strategic substitutes, but both an increase
in wage flexibility and a stronger response to wage inflation increase the degree of com-
plementarity in firm production. In equilibrium, this increases the volatility of aggregate

output.

Tradeoffs for monetary policy. So far, we have seen how conventionally stabilizing mon-
etary policy introduces non-fundamental volatility to aggregate output. However, policies
to stabilize output will also introduce volatility to inflation. Therefore, the information fric-
tions we have assumed will introduce a tradeoff that that breaks divine coincidence, but

without the cost-push shocks assumed in the New Keynesian model.

Proposition 2. Tradeoff between stabilizing output and inflation

In an equilibrium with non-fundamental fluctuations, the central bank faces a tradeoff in stabilizing
output and inflation. As the central bank increases its response to wage inflation (¢p%), the volatility
of wage inflation declines, but this comes at the expense of higher output volatility:

00?2 B Awy A(1—2A) o2
9% [v(1+AwR) + ¢y)? (1—1)%0 "

> 0.

Conversely, the more the policymaker stabilizes output, the more it introduces volatility to wage

16 Another way to see this is to replace w} in (18) with the real wage identity and rearrange terms to obtain

T = —1 f‘A’w (7t + ¢ — w{fl). The greater Ay is, the less price inflation needs to fall to reach a given level of

wage inflation. The net effect is that the real wage increases by less when wages are more flexible.
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inflation,

0k _ Audylgy +20(1+Augi)] 1 M1-22) ,
opy  [r(1+Awp®) + ¢y 1+ Aup¥ (1-2)20 ¢

> 0.

To arrive at these results, note that equation (26) can be used to derive a relationship

2
between the volatility of inflation and the volatility of output, ¢2, = ( Ay ) (75. Con-

T 1+Awdi
sequently, we can express 0]3 and 02, solely in terms of model parameters,
o2 1+ Ay Al — 2)\)02
ooy Awdi) + oy (1-4)%0°F
> _ (Awgpy)® AL =24) 5
Oqw =

(T4 2@ [y (1 + Aafp®) + ] (1— A)20

Proposition 3. The Taylor principle is not sufficient to rule out indeterminacy

There is indeterminacy even when the Taylor principle is satisfied. However, by (31), the policy-
maker can mitigate non-fundamental fluctuations with an interest rate rule that places low weight
on wage inflation.

As we have seen, a strong response of the nominal interest rate to wage inflation intro-
duces non-fundamental volatility to aggregate output. Figure 1a shows the region of inde-
terminacy in this model. In contrast to the Taylor principle, a nominal interest rate rule that
responds more than one-for-one to inflation cannot rule out indeterminacy that arises from
expectations of aggregate demand. Instead, such a rule would introduce a multiplicity
of rational expectations equilibrium paths for real variables, including equilibria in which
fluctuations are unrelated to any variation in fundamentals. This is because a rule that sat-
isfies the Taylor principle does not account for the effect of policy on firms” coordination
motives. The stance of policy not only affects how much the real interest rate changes but
also how the real wage changes in relation to aggregate demand in equilibrium. In a ra-
tional expectations equilibrium, an individual firm’s production decision internalizes how
the nature of strategic interaction affects other firms” production, and therefore the distri-
bution of aggregate outcomes ((75). Real indeterminacy is possible in this model because
tirms make production decisions before shocks are known, based on an endogenous signal
of demand.

However, by placing a sufficiently low weight on wage inflation, a policymaker is able to
minimize non-fundamental fluctuations. The intuition follows from the previous section,
which showed that a positive sentiment shock is self-fulfilling through a fall in the nom-

inal interest rate, which affects how the equilibrium real wage increases. For reasonable
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Figure 1: Indeterminacy and Determinacy Regions
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Note: These figures show the indeterminacy region for a model with § = 0.99 (which implies a steady state real return on bonds of about
4 percent), v = 1 (log utility), 8, = 0.66 (an average wage duration of 1.5 years), and a weight of A = 0.2 for the idiosyncratic component

of the signal. Under complete information, the condition for indeterminacy is given by ¢% > 1 — %%, where v = )lp/:'ip/\w See

Blasselle and Poissonnier (2016).

calibrations, the real wage increases through a decrease in price inflation that exceeds the
decrease in wage inflation. However, by not responding strongly to wage inflation, the pol-
icymaker allows the real wage to co-vary more strongly with sentiment. Thus, the stance
of monetary policy affects how firms use their signal, with the result that its equilibrium

precision increases, mitigating sentiment-driven fluctuations.

4 Constrained Efficient Allocation

The previous section considered a minor deviation from the full information New Key-
nesian model: firms made production decisions before shocks were known, conditioning
on a signal that confounded idiosyncratic and aggregate demand. The decentralized equi-
librium featured aggregate fluctuations with a non-fundamental source. Moreover, con-
ventionally stabilizing monetary policy increased the volatility of such fluctuations. Such
policy limits the degree to which the real wage (and therefore marginal cost) rises in equi-
librium, thereby affecting how firms want to respond to aggregate demand. This increases
the degree of strategic complementarity in firm production. Firms internalize this in their
beliefs about the distribution of aggregate outcomes, which is equivalent to the actual dis-

tribution in a rational expectations equilibrium. This section considers whether the degree
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of coordination in the decentralized equilibrium is socially efficient.

An appropriate efficiency benchmark is the solution to the problem of a planner who
cannot centralize or transfer information, but instead directs firms” actions based on an en-
dogenous signal that confounds aggregate and idiosyncratic demand. In other words, the
social planner takes the dispersion of information as given in the decentralized equilibrium
and directs firm j’s production based on the firm’s signal. In the aggregate, how firms use
their signal will affect the volatility of aggregate output, and hence expected household
welfare. By characterizing the efficient use of information and its relationship to the so-
cially optimal degree of coordination, this exercise extends the analysis of Angeletos and
Pavan (2007) to an endogenous information structure and the case of multiple equilibria.

Comparing the constrained efficient equilibrium to the decentralized equilibrium high-
lights the source of inefficiency: the use of information by firms affects the precision of the
signal, an externality that firms and policymakers do not internalize. While this benchmark
abstracts from policy instruments to identify the best allocation that satisfies feasibility con-
straints, the next section shows that the constrained efficient allocation will have a realistic
policy counterpart.

Restricting the set of solutions for output to Y; ~ N(¢o,0?2), a planner chooses the mean
and variance of output to maximize expected household utility.!”

1—y N1—0—q>
max IE; Ci — L
¢0o(B),02(B) 11—y 1+¢

subject to the following constraints,

Yjr = FSji, (32)
Sip = €zt (33)
Ly )
Y, — ( /0 ey, d]) , (34)
Yj,t - AN]',t, (35)
1
Ne= | Njedj, (36)
Yir =Cjp, (37)
Yy =Gy, (38)

7Restricting Y; ~ N(¢o,02) may rule out other solutions. As the social planner’s problem is concave in
02, the solution is unique.
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where F = ¢~ %0. By (32) and (33), the planner directs each firm’s production decision to
depend solely on its own information set. Aggregate output and labor are given by (34) and
(36), while production and market clearing are given by (35), (37), and (38), respectively.

The social planner has the choice of directing each firm to weight their signal (S;;) by B.
If B # 0, then the planner is subject to an additional constraint: aggregate output is equal
to aggregate demand captured by the signal,

Yy =7y,

which requires B = ;1. Otherwise, the planner can direct firms to disregard their signal
entirely (B = 0), in which case 02 = (75 = 0. Note that the planner would choose B =
0, indicating a coordination failure in the market solution. Nonetheless, I consider the
solution of a planner constrained to choose B > 0 to highlight other externalities entwined
in the signal extraction problem. Here, I impose B = ﬁ to underscore some properties
of the inefficiency, beyond those leading the market to converge on B > 0. Consequently,
the planning concept is adversarial, since it selects the less favorable equilibrium from
the planner’s perspective (Bergemann and Morris, 2019). Although ¢? is an endogenous
variable in the decentralized equilibrium, this is no longer the case when B = 1. The only
restriction is that aggregate demand captured by the signal is equal to aggregate output.
Otherwise, this exercise eliminates private motives for alignment among firms in order to

isolate the social value of coordination.

Proposition 4. Constrained efficient allocation
In an equilibrium with endogenous signals and B # 0, the optimal mean and variance for output

is given by

. 1[1+(0—1)AB? ,
=201y e

o2 = ax{O,—(1+¢)23(1_7)2 {m(iffﬁ) +(1+(p)ln1c2—(1—’y)ln1c11},

where

=

11’11(1 = (PE';,

Inx, = %(/\B)zag.

See Appendix (A.1). From the expression for 02*, we can see the optimality of fluctua-

tions depends on household risk aversion relative to Frisch elasticity of labor supply. For
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v > 1, optimal volatility is negative, since risk averse households would prefer to avoid
fluctuations in aggregate output. For v < 1, the optimal volatility of aggregate output re-
flects household preferences over dispersion and coordination, which in turn depends on
the elasticity of substitution between goods. Aggregate volatility reduces the precision in
firms’ signals about idiosyncratic demand, which is less consequential if goods are highly

complementary.®

4.1 Sources of inefficiency in the decentralized equilibrium

Constant sources of inefficiency. The steady state of the decentralized equilibrium with

information frictions,

(10N A], 1 efr 01 A PO
P0 = 0)¥| 20-1)°l6 6 1-A 2"

features the following inefficiencies.!” The first term (ln [(1 - %) %] > represents the usual

role that market power plays in lowering steady state aggregate output. The less substi-
tutable goods are, the higher markups firms can charge, and it is optimal to lower pro-
duction to equate marginal cost and price. This term is missing in the social planner’s
steady state output, since the setup abstracts from prices and downward sloping demand
for firm level output. The planner’s problem considers the firms” use of productive inputs
conditional on information frictions, and its implications for household welfare.

The effect of information frictions on steady state output is captured by the next term,

ﬁag [% + 9%1%] 2. When firms are unable to distinguish between idiosyncratic and
aggregate demand, some idiosyncratic demand is misattributed to aggregate demand, and
there is a degree of utility from output variety that is lost. This term also appears in the
planners’ steady state output, since the planner is also subject to the decentralization of

information and the implementability constraint.

18In an equilibrium in which firms condition production on endogenous signals of demand, firms misat-
tribute some idiosyncratic demand to aggregate demand, resulting in a loss of expected household utility
from variety of consumption. x; relative to x, measures how much information frictions (captured by AB)
decrease [E(C;) relative to IE(N;), with implications for the optimality of ¢Z. This means that the desirability
of aggregate fluctuations depends on the elasticity of substitution between goods. When goods are highly
complementary, (¢ — 1), and if households derive utility from variety of consumption, then reducing the re-
sponsiveness of firms to idiosyncratic demand with information frictions is desirable. Thus, a positive level
of 02 is optimal. For 0 € (1,00), k1 exceeds ky, and approaches it when 6 — co (perfect substitutability).
Although 6 € (0,00), assume 8 > 1,as 0 < 6 < 1 is inconsistent with taste for variety and with firms’ second
order conditions.

19Under perfect information, steady state output (¢p = In Kl - %) %} + ﬁaﬁ) is a function of idiosyn-

cratic demand volatility (¢2) and 6, as the CES aggregation of output with idiosyncratic preference shocks
implies households derive utility from the intensive margin of consumption.
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In summary, there are two sources of steady state distortion in this model. In addition to
the steady state distortion that monopolistic competition introduces, there is another that
arises from information frictions, particularly the inability of firms to perfectly disentangle
idiosyncratic and aggregate demand. This has implications for steady state output when
households derive utility from consumption variety.

Time varying sources of inefficiency. Comparing signal responses in the decentralized
equilibrium and the social planner’s solution allows us to isolate the inefficiency that origi-
nates in the way firms process available information. In the decentralized equilibrium with

information frictions, firms place the following weight on their signal (29),

_ A0Z+ (1= 6ay)(1—A)o?
A2+ (1-A)202+02

The decentralized equilibrium therefore features an interaction between the use of infor-
mation and the aggregation of information that is inefficient. As long as there are fluctua-
tions in aggregate output, firms’ beliefs about aggregate demand should also be stochastic
(¢ > 0), since this helps predict marginal cost. In addition, due to the endogeneity of
the signal, o affects the precision of the signal with respect to idiosyncratic demand. As a
result of correlated signals, correlated actions by firms lead to aggregate fluctuations in out-
put. In the aggregate, the actions of firms conditioning on an endogenous signal affect the
precision of the signals that they receive, an externality that the social planner internalizes.

In the standard New Keynesian model, nominal rigidities are a source of allocative inef-
ficiency. Assuming a subsidy to offset the effects of monopolistic competition on the steady
state, targeting inflation strongly replicates the flexible wage allocation, allowing relative
wages to adjust to shocks so that relative wage distortions do not affect the optimal al-
location. However, the policy stance that achieves allocative efficiency in the complete
information New Keynesian model creates an informational inefficiency when incomplete
information is introduced. For reasonable parameterizations of <, ¢, and 6, the allocation
in the decentralized equilibrium is inefficient: there a mapping from signals to actions that
improves upon the decentralized equilibrium, which features no sentiment-driven fluctu-

ations (see Appendix A.1).

4.2 Implementation

The previous section abstracted from policy instruments to show that a social planner
choosing among allocations that respect resource feasibility and the decentralization of

information can improve upon the decentralized equilibrium. The lower welfare in the
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latter reflects an inefficiency in the use of information, coupled with an inefficiency in the
aggregation of information.

As the stance of monetary policy affects aggregate variables, it influences how firms use
their signals and the degree of strategic complementarity in firm production, thereby deter-
mining the degree to which the business cycle is driven by non-fundamental forces. By the
same reasoning, the nominal interest rate can also be used to minimize non-fundamental
fluctuations.

In the social planner’s problem, there is a continuum of equilibria, each correspond-
ing to a particular volatility of aggregate fluctuations. These equilibria can be ranked by
welfare, and a monetary policymaker can implement a particular ¢ through the stance of
policy (¢p¥, ¢,). Although o2 > 0 indicates indeterminacy (i.e., any value of aggregate out-
put drawn from this distribution is a rational expectations equilibrium), these realizations
for aggregate output are all equivalent in terms of welfare, as household expected utility
depends only on the volatility of outcomes.

Assuming a subsidy for incomplete information and monopolistic competition that aligns
the steady state of the decentralized economy with its counterpart in the constrained ef-
ficient allocation, a policymaker can implement this allocation using the nominal inter-
est rate. By (31), a simple interest rule that targets inflation sufficiently weakly can ap-
proximate the constrained efficient allocation. This finding qualifies the Taylor principle,
whereby a strong response to inflation is stabilizing. In the presence of information fric-
tions, a strong response to inflation can be destabilizing since it increases the volatility of
output driven by non-fundamental shocks.

This is because a higher weight on inflation stabilization in the Taylor rule caps the de-
gree to which the real wage (and therefore marginal cost) increases in equilibrium. As a
result, firm production is characterized by more strategic complementarity. In a rational
expectations equilibrium, firms internalize the best responses of other firms. When com-
plementarities in firm production increase, volatility in aggregate output can increase, and
tirms’ beliefs about aggregate outcomes account for this possibility. Instead, a monetary
policy stance that allows wage inflation to increase when beliefs about aggregate demand
rise (and vice versa) introduces strategic substitutability to firm production. In this case,
tirms’ beliefs internalize the possibility of smaller fluctuations in aggregate output.

In summary, the nature of information frictions matters for policy. These findings are in
contrast to Angeletos and La’O (2019), who find no inefficiency in the equilibrium use of
information, and hence no room for policy intervention, as long as signals are exogenous.
In that case, optimal monetary policy replicates the flexible-price allocation. However,

the endogeneity of the signal here and the assumption that agents make decisions before
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shocks are known allows for non-fundamental sources of fluctuations, altering the positive

and normative implications of monetary policy.

5 Conclusion

In this paper, I propose a new channel of transmission for monetary policy. I incorpo-
rate decision-making under uncertainty about endogenous outcomes in a New Keynesian
model. The stance of monetary policy affects how firms strategically interact, with im-
plications for the distribution of aggregate outcomes. The complete information assump-
tion is not trivial. When production decisions are based on expected demand while labor
supply and consumption plans are made before production is realized, aggregate fluctua-
tions can have a non-fundamental component. The volatility of non-fundamental shocks
will depend on the policy stance. As a result, several key policy implications of the New
Keynesian model no longer hold. Both wage flexibility and targeting wage inflation in-
crease the degree of non-fundamental volatility in aggregate output. However, since non-
fundamental shocks introduce a tradeoff between stabilizing output and inflation, stabiliz-
ing output also leads to higher inflation volatility. In addition, the Taylor principle does not
rule out indeterminacy that arises from expectations of aggregate demand. These results
are robust to the introduction of fundamental shocks.

The unconventional effects of monetary policy in this paper depend on the endogenous
nature of sentiments and the information externality they introduce. How firms decide
production (pricing) based on their signals will depend on the policy stance. Contrary
to the standard framework whereby monetary policy responds to mitigate the effects of
shocks, policy itself can be a source of extrinsic variation. This implies that optimal mon-
etary policy should consider informational efficiency and how it interacts with allocative
efficiency. To internalize how policy affects the strategic interaction among firms and the
effect this has on the precision of endogenous signals, I show that policymakers should

place less weight on stabilizing inflation.
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A Appendix

A.1 Proof of Proposition 4
Combining (32) and (33), firm level output can be represented as

AB~(1-A)B
ert = Fej,t Zt( )

From (34), aggregate output is

The log normal assumption for €; ; and Z; and the moment generating function for a normal

random variable imply

(1+AB(6—1))?

Y, = FZ(0 VB e %

As the signal is endogenous, implementability (Y; = Z;) requires B =

Aggregate labor is

1
Nt - /0 Nj,t d]/

and for these values of F and B,
A-IE / Bajz0-VE,
= A" Zt(l A)Bef(AB) €

Letting ¢o = log F, the expected utility of households is given by

1 1- 1 1+
E[U(Ct, Nt)] = EIE(Ct ") - mIE(Nt "),
_ b w822 1 ke)(—atin(2
1—v 1+¢
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If v > 1, expected utility is strictly decreasing in o2 as risk averse households avoid aggre-

gate volatility,

IE(L) _ 1= 1ot 05202 _ 14 @ (1) l0g(2)+90)+ 02

_ 0.
902 2 2 <

Now consider the case of v < 1. Although ¢? is an endogenous variable in the decen-
tralized equilibrium, this is no longer the case in the social planner’s problem. The only
restriction is that aggregate demand captured by the signal is equal to aggregate output.
Optimizing household welfare with respect to (TZZ,

2 = max {0, oz [0 (1) ~ 0t oo - (L ios ()]}

The extent to which risk seeking households would prefer aggregate fluctuations is in-

creasing if steady state output is large relative to steady state labor (i.e., x1 is sufficiently
large relative to x3). In turn, this depends on the degree of substitutability among goods.
Aggregate volatility reduces the endogenous signal’s precision about idiosyncratic de-
mand, which is inconsequential if goods are highly substitutable.

Ify>0,¢>0,then (1+¢) > (1—7)and (1+ ¢)>> (1—7)2

2 11— Ko

2%

= | —(1 —a+In|—=| | — ,

I e (e f‘(lw)ﬂ( +o) ”“M),w
>0 <0 >0 =

where

) 1ol 6-1,p0% 6
ln(Kl)_Z(%({G—{_ 5 AB 71 (AB)~ | .
For reasonable calibrations (y > 0,9 > 0), the optimality of non-fundamental fluctua-

tions depends on 0, the elasticity of substitutability between goods. In the case of perfect

substitutability, Olim Inx; = Inky and 02* < 0. In the case of perfect complementarity,
—00

lim Inx; > Inxy and ¢2* > 0.
6—0
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Note, for 0 € (0,00), k1 > kp and so In (%) < 0as

6

2
_1>(AB),

1 6-1__1°
{EJ“ 0 AB] 0
1 6—-1.1° ,0—1
[§+TAB] > (AB)*=——,

1 270—1\2 ,0—1
[m—i‘/\B} (T) >(/\B) T

Also, AB < 1if B= 2y and A € (0, }).

Steady State (¢57). CES aggregation for Y; and the firm’s response in the social planner’s

problem are given by

N
Yy = {/0 €Y d]} ,

Taking logs,

0 1/1 0—1\° ,
¢O+Zt_zt+m§ (5+/\BT> o,

1 0 1/1 0—1\?2
SP _ _ i z - 2
90 (B_l—A)_6—12(9+/\B 0 >‘7€'

The social planner could also choose B = 0, in which case
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B General Appendix

B.1 Labor demand

Firm j produces output Y ; according to the production function
Yj,t = AN]‘,t,

where N is an index of labor input used by firm j and is defined as

Zgl
J/t—{/ fofewdl} '

capturing the use of a continuum of differentiated labor services. Nj;; is the quantity of
type i labor employed by firm j in period t. The parameter €, represents the elasticity
of substitution among labor varieties. From firm minimization of labor expenditure, the

following labor demand schedules are obtained,

Wi\
Ni,j,f = ( Wt ) let-

W; is the aggregate nominal wage index, defined as

L ek
W, = { / W, ;Ewdi} .
O 7

Aggregating across firms, the demand for type 7 labor is

AN AN
lf—/ N’]’ ]—< Z) / (I/\;t) Nt.

B.2 Non-linear disutility of labor, firm sets quantity

In the quantity setting case, a non-linear disutility of labor implies that the real wage
must increase by more in a sentiment-driven equilibrium (relative to the case of linear
disutility of labor).?’ As a result, firm level output is characterized by more substitutability

with respect to aggregate output, and sentiments are less volatile.

20With a linear disutility of labor, labor supply responds strongly to a change in the real wage.
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Consider a more general utility function for households that is non-linear in labor sup-
ply. Households choose labor supply (N;) to maximize utility

cl™" N
max — ,
N 1—v 1+¢

subject to budget constraint
P Cy < WiN; 4114

The resulting first order condition,

implies that the price level is

Py

TNy

Substituting N; with the production function Y; = AN; and applying the market clearing
condition, Y; = C;,

W,
P = waq,A(/’. (B.3)
t

The firms’ first order condition is

1 1 P, f
Yj,t = 1-— 5 AE; (Gj,th)GWt’S]’,t .

Substituting P; with (B.3),
T\ 41+ § BT ?
= [(1- D) avem [ )

B.3 Private signal correct up to iid noise

When agents actions are strategic substitutes, a private signal that perfectly conveys
information needed for the agents’ first order condition, but with iid noise, results in only

the fundamental equilibrium. Consider the first order condition of a general beauty contest

41



model, where a continuum of agents indexed by j € [0,1] take action conditional on a

private signal s;

y; = Elag; + By |si],
———
xj

sj = wagj+ By +vj.

Note that s; = x; + v;. Agent j’s optimal response depends on an idiosyncratic iid shock
gj ~ N(0, agj), as well as on the aggregate response of other agents (y = fol y;dj), where
y ~ N(O, (75). The parameters a and B capture the elasticity of actions to the idiosyncratic
shock and the aggregate variable. If B > 0, agents face strategic complementarities. If
B < 0, agents face strategic substitutabilities.

Agent j’s optimal response is

w0t + pro?

_ Y
Yi = 0(2(782+/320§+(75(“€j+ﬁ8jy+vj)'

occhg—i—,l%zaﬁ
s txzagz—l—ﬁzaﬁ—}—a%
signal if B > 1.

€ (0,1), we can only have sentiment-driven equilibrium with this private

However, if the private signal is instead s; = Ae; + (1 — A)y + vj, where A # & and

(1—A) # B, then

aAo? + B(1 — )
A V2 N A)zaz+ 5 (Agj + (1= Ay +vj),
ado? + B(1—A)oy
Y= / idj = A202 + (1—/\)20y2+av2(1_/\)y'

In this case, any y is an equilibrium if

aAo? 4+ B(1 - Aoy
A2 + (1= A)%og + (73-(

1-A)=1.

The volatility of y is determined by parameters of the model.

A1 —=A) — A2 1
(72:“( ) /\02— UVZ.

PoA=A2A=-p)F (1-A)2(1-5)

The private signal that is correct up to iid noise allows firms to respond to the two shocks

in the correct proportions. In order for sentiment-driven equilibria to exist when firms’

42



actions are strategic substitutes, information frictions must be such that firms misattribute

some of the sentiment component in their signal to idiosyncratic preference for their good.

C Flexible Wages

Consider a representative household and a continuum of monopolistic intermediate
goods producers indexed by j € [0,1]. Households supply labor and form demand sched-
ules for differentiated goods conditional on shocks that have not yet been realized. The key
friction is that intermediate goods firms commit to labor demand and output, based on
an imperfect signal of the aggregate demand and firm level demand, prior to goods being
produced and exchanged and before marketing clearing prices are realized.

After production decisions are made, the goods market opens, demand is realized, and
prices adjust to clear the market. The firms’ signal extraction problem can lead to multiple

equilibria and endogenous fluctuations in aggregate output.

Households. The representative household chooses labor N; to maximize utility
max log C; + ¥ (1 — N¢),
t

subject to budget constraint

Wi I
C < _N + 7
tSp Nt g
where C; is aggregate an consumption index, %f is the real wage, %f is real profit income
from all firms, ¥ is disutility of labor. Their first order condition is

1w
C: = ‘??t, (C.4)
where
0
1 % 9%1 le-1
C = { /O el,C;i d]] . (C.5)

C: represents an aggregate consumption index, 6 > 1 is the elasticity of substitution be-
tween goods, C;; denotes the quantity of good j consumed by the household in period ¢.
The idiosyncratic preference shock for good j is log normally distributed (¢;; = loge;; ~
N(0,02)). The exponent § on €j,¢ is solely intended to simplify expressions. The household
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allocates consumption among j goods to maximize C; for any given level of expenditures
fol P;+C;; dj, where P;; is the price of intermediate good j.

Optimizing its consumption allocation, household’s demand for good j is given by

0
Py
Ci, = | =— | Cseiy. C.6
It (Pj,t) tet ( )

The resulting aggregate price level is obtained by substituting (C.6) into (C.5),

| \
Pt = (/0 €]',tp]',t d]) .

In this model, households form demand schedules for each differentiated good and sup-
ply labor, all contingent on shocks to idiosyncratic demand and aggregate income. Let Z;
represent the household’s beliefs about aggregate income/consumption at the beginning

of period t. Households form consumption plans using (C.6)

0
Pi(Zy)
Cit(Zy€ip) = | =——=—— | Ci(Zi)ejy, C7

and decide labor supply, using (C.4) to obtain an implicit function of labor supply as a

function of sentiments, Ny = N(Z;), given a nominal wage W,

Wi

P (Zy) = (C.8)

Note that Ht(Zt) = Pt(Zt)Zt — WtNt.

Intermediate goods firms. The intermediate goods firms decide production level Y,
without perfect knowledge of idiosyncratic demand (¢;;) or aggregate demand (Y}). In-
stead, they infer these quantities from a signal S;; that may be interpreted as early orders,

advance sales, or market research,
A 71—-A
S]"t — €],th ’
where logej; ~ N(0,02) and log Z; ~ N(¢, 02).

Given the nominal wage, intermediate goods producers choose Yj ; to maximize nominal
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profits (I1;; = P;;Y;; — WiN; ;) subject to production function (Y;; = AN;;) and demand
for its good (C.6). Substituting out labor demand of firm j, (N;; = %) and the price of its
good (P;j ;) using (C.6), firm j’s problem is

D=

1—-1
max [E; {PtY].,t G(Gj,th)

jit

W
- Xth,l’|S]',t:| ’
The first order condition of intermediate goods firm j is given by,

1 -1 1 Wt
oD o] -

Rearranging terms,

1 1 By f
Yjr = 1—5 AlE; (Gj,th)"Wt|5j,t , (C.9)

Substitute P; with the household’s first order condition, Py = \ll,%f, where Y; = C; due to
the absence of savings in this model. As nominal variables are indeterminate in the flexible
wage extension, the nominal wage can be normalized to 1,
INA 11 6
Yjr = {(1 - 5) G Edlel, Y? T 1Sjl| -

Higher aggregate demand affects firm j’s optimal production decision in two ways; while
it implies an increase in demand for good j, it also implies that the real wage will be higher.
The first effect derives from households” optimal consumption across goods, while the
second follows from the labor supply decision of household. Given a nominal wage, the
aggregate price level will be lower as aggregate demand increases. This will result in a fall
in demand for C;;, which decreases firm j’s optimal output level. As % —1 < 0, the latter
effect dominates, with the result that firm j’s optimal output decreases with aggregate out-
put. Although firms” actions are strategic substitutes, the rational expectations equilibrium

may not be unique if firms condition production on an endogenous signal confounding

aggregate and idiosyncratic demand.

Timing. With Z; as aggregate demand and €;; as idiosyncratic preference for good j, the
timing of this model is as follows,

1. Households form labor supply schedule (N¢(Z;)) and demand schedules for each
good j, (Cj,t(Zt, ej/t)), contingent on shocks.
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2. Zi, € are drawn from their respective distributions.

3. Firms receive a private signal of aggregate demand and idiosyncratic preference for
~ 1-A
their good (S = e;:tZt ).

4. Firms can not write contingent schedules for their labor demand, otherwise this
would remove the possibility of sentiment-driven fluctuations. Instead, firms must
commit to production and hence labor demand, based on an imperfect private signal.
They produce Y;(S; ;) and demand labor N;(S;;) = W

5. Goods market opens. Zi, €;; observed by everyone. P;; adjusts so that goods market

clears (Cj; = Yj;, Ct = Yy), and Pt = ‘szt

Equilibrium. In equilibrium, aggregate output, intermediate goods supply, and the pri-

vate signal are given by

161 o1
w=[ [ al”, o
INA 114 o
Yj,t = |:( — 5) §IE[€]?JYt9 |S],t]:| , (Cll)
Sip=eNZih (C.12)

The first equation indicates that in equilibrium, goods markets clear: Y; = C;, Cit = Yjs
In the sentiment driven equilibrium, an additional condition stipulates that beliefs about

aggregate demand are correct in equilibrium,
Zi =Y. (C.13)

After the realization of Y}, and after goods markets clear, the aggregate price index, market

clearing prices for each good, aggregate labor, and aggregate profits are given by

1
Pt = o~ 14
t= gy, (C.14)
1. -1
Piy = (ejY1)?Y; " Py, (C.15)
1 4 1Y, 4 c
Ny= [ N;;dj= L~ dj, 16
= [ Ndj= [ C16)
1
Iy = PY; = Ni = g — Ne. (C.17)

In the first equation, the actual aggregate price level in equilibrium is determined by re-

alized aggregate output. The second equation indicates that in equilibrium, the market
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clearing price for good j is determined by realized aggregate output, production of good j,
and the realized aggregate price level. In the third equation, labor supply equals aggregate
labor demand. In the fourth equation, aggregate profits equal aggregate revenue minus

aggregate production costs.

Definition 2. A rational expectations equilibrium is a sequence of allocations {C(Z;),Y(Z;),
Cj(Zt, ej,t),Yj(Zt,ejlt),N(Zt),Nj(Zt, ej,t),H(Zt)}, prices {P(Z,g),Pj(Zt,ejlt),Wt =1}, and a
distribution of Zy, F(Z;) such that for each realization of Z;, (i) equations (C.7) and (C.8) maximize
household utility given the equilibrium prices Py = P(Z;), Py = Pij(Zy,€j4), and Wy = 1 (ii)
equation (C.11) maximizes intermediate goods firm'’s expected profits for all j given the equilibrium
prices P(Z;), Wy = 1, and the signal (C.12) (iii) all markets clear: Cit = let,N(Zt) = f N;;dj,
and (iv) expectations are rational such that the household’s beliefs about Py and I1; are consistent
with its belief about aggregate demand Z; (according to its optimal labor supply condition) and
Y; = Zy: actual aggregate output follows a distribution consistent with F.

There exist two rational expectations equilibria: (1) a fundamental equilibrium with a
degenerate distribution of sentiments, where aggregate output and prices are all constant
and where sentiments play no role in determining the level of aggregate output and (2)
a stochastic equilibrium where sentiments matter and the volatility of beliefs about ag-
gregate demand is endogenously determined and equal to the variance of aggregate out-
put. As firms make their production decisions based on the correctly anticipated distribu-
tion of aggregate demand and their own idiosyncratic demand shocks, these self-fulfilling

stochastic equilibria are consistent with rational expectations.

Fundamental equilibrium. Under perfect information, firms receive signals that reveal
their idiosyncratic demand shocks, and we will show that there is a unique rational expec-
tations equilibrium in which output, aggregate demand, and the aggregate price level are
constant. Using the equilibrium conditions in (C.11), (C.10), (C.15), and (C.14), Y3, P, Y ;

and P;; in the fundamental equilibrium are as follows: From (C.11),

1\ A 1 _1.q]°
o= (1-5) geli ] (C18)
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Using (C.10), and substituting Y; ; with (C.18),
rrl % 1_% ) %
Y = _/0 €Y d]] /

[ 1 INA 1 1 41071 70
= el |(-g) gl 7] ai)

1
NA[/ 170

Let variables with * denote their counterparts in the fundamental equilibrium. As C; =
Y} in equilibrium,

1 -1
C*:Y*:(1—%>§{Aewd4 . (C.19)

Using (C.14), the equilibrium aggregate price level is
1

.1 o 1 T
P _TY*_9—1ZLA€”@} '

In the fundamental equilibrium, as Y} is known, S; ; reveals €; ; perfectly. Any shiftin e
results in a corresponding change in Yj; without affecting P;;. Substituting the previous
expressions for Y;, P4, and Y ; into (C.15),

Py =———.
" o—1A
Let y* = log(Y*). Without loss of generality, let (1 - %) % = 1. Then (C.19) can also be
expressed as follows

* 1 2

y = m‘fs- (C.20)

Sentiment-driven equilibrium. When firms face incomplete information, there exists a
sentiment-driven equilibrium, in addition to the fundamental equilibrium. The sentiment-
driven equilibrium is a rational expectations equilibrium where aggregate output is not
constant but fluctuates following a stochastic variable, (Z;). Let Z; and #j; denote Z; and

Y; in log deviation from the steady state of this equilibrium, respectively.21 2y ~ N(0O, Ug),

21See the next section (appendix C) for a calculation of the steady state in this equilibrium.
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where 02 is determined endogenously.

Equation (C.11) gives firm j’s optimal output conditional on its signal. As it is derived
using equations (C.4) and (C.6), it already incorporates market clearing for labor and con-
sumption,

INA 1 14 o
Yj,t = |:(1 - 5) §]E[€]e’tyto |S],t] . (C21)

Firm j’s private signal is
5= ehZi
Log-linearizing around the steady state,
Jj¢ = Bilgje + (1= 0)71]sj4).

Conditional on its signal, firm j’s best response is

. Ac2+(1—0)(1—\)o?

it = A202 + (1 — A)20% ot
A+ (1-6)(1—A)o?
= TR (1= A2

(Aéj,t +(1=A)2).
Aggregate supply is then
1 .
i = [ 9

A+ (1-0)(1—A)o?
 A202 4 (1—A)202

(1—A)2.
In this equilibrium, household’s beliefs about aggregate demand are correct (J; = Z;). This
implies

. Ac? 4+ (1-6)(1—A)o?
T A202 4 (1—A)202

(1- ).

The volatility of actual aggregate output and beliefs about aggregate demand are deter-
mined by the parameters of the model. If A € (0, %) and ¢? > 0, then there exists a senti-
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ment driven rational expectations equilibrium with §; = £; where??

2 2 A(l_ZA) 2

O'y =0, = m% . (CZZ)
B

Let B denote the volatility of sentiments under the baseline model. The volatility of the
sentiment shock must be commensurate with the degree of complementarity /substitutability
in actions across firms (), information content of the private signal (1), and the volatility
of idiosyncratic demand (¢2), all of which affect the firm’s response to a sentiment shock.

Note that if A = 1, the signal contains only the idiosyncratic preference shock, the re-
sult is that an equilibrium with constant output is the unique equilibrium. If A = 0 or
02 = 0, then the private signal conveys only aggregate components. The result is also that
the unique equilibrium is the fundamental equilibrium, due to substitutability of firms’
outputs.

The intuition for why the sentiment-driven equilibrium is a rational expectations equi-
librium is as follows: given the parameters of the model, 02 is determined such that for
any aggregate demand sentiment, all firms misattribute enough of the sentiment compo-
nent of their signal to an idiosyncratic preference shock such that aggregate output will be
equal to the sentiment in equilibrium. The volatility of the sentiment process (¢2) deter-
mines how much firms attribute their signal to Z;. In particular, when firms” actions are
strategic substitutes, the optimal output of a firm is declining in ¢? as this leads the firms
to attribute more of the signal to an aggregate demand shock. Since firms” optimal output
depends negatively on the level of Z; and positively on the idiosyncratic preference shock
€, if they are unable to distinguish between the two components in their signal, then there
can be a coordinated over-production (under-production) in response to a positive (nega-
tive) aggregate sentiment shock, such that §; equals Z; in equilibrium if 02 is as in (C.22).
The rational expectations equilibrium pins down the variance of the sentiment distribu-
tion, although sentiments are extrinsic. The result is an additional rational expectations
equilibrium that is characterized by aggregate fluctuations in output and employment de-
spite the lack of fundamental aggregate shocks.

Steady state of the sentiment-driven equilibrium. The firm’s optimal production, in-

corporating households” optimal labor supply decision (C.4), and contingent on signal s; ;

. 1-& - . . .
22 Alternatively, 02 = 02 = %A =202, where the elasticities of firm j’s production with respect to €j,r and
i

T
yt are fp = 1and 1 — B1 = 0, as in section (2).
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is
1NA_ . 1 1. 6
Yj,t = 1-— 5 QIEt[ej’th |S]’t] .
Letej, =logej; ~ N(0,02) and z; = (log Z;) — ¢po ~ N(0,02), firm j’s signal is
Sj,t = 8;"tZtl_)‘.

Without loss of generality, normalize (1 — %) % to 1. Firm production is then

byd 1)

Define y; = (logY:) — ¢o. Unless specified otherwise, let lower-case letters represent
the variable in logs. In this equilibrium, as aggregate demand is sentiment driven, we can

replace y; in the firm’s response with z;,
1 1-0
Yjr = (1—0)¢po + OlogE; |exp ggj,t + th ysj,t )

To compute the conditional expectation, note that [E; [exp (%8 ittt %ZO ‘Sj,t} is the mo-

ment generating function of normal random variable <%e it %ZO |sj+- Then

1 1—-6
IEt exp ésj‘,t + TZt |Sj,t

1 1-06 1 1 1-0
= exp {Et <—5j,t + —Zt|Sj,t) + ~Var (—/ffj,t + - Z

)]

0 0 2 0
where
1 1-6 cov(geir + 502, 554)
]Et (5€th + TZt|Sj’t> = Var(sj,t) S]',t, (C23)

1 2 1-6 2
Ao + 57 (1= A)o
_ 07"¢ 9 Z ' B
T A202+ (1 - A)202 (Agje+ (1= A)ze). (C.24)

For now, let QO = Var (%sj,t + %zﬂsﬂt). As %sjlf,%zt are Gaussian, Q); does not de-
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pend ons; ;.

Act+158(1— 102 0
0
yje = (1= 0)po+ 65— 3+(1 7 %Z(Asjlt—l—(l—)\)zt)—l—iﬂs, (C.25)

= @0+ 0pu(Aej; + (1 —A)z). (C.26)

where

A2+ 18 (1 - 0)o?

(C.27)
@0 = (1 —0)¢o + 5. (C.28)

Using equilibrium condition (C.10) which equates aggregate demand and aggregate sup-
ply, get an expression for y; in terms of y;;

1
<1 — 5) IOth = log </ ]etY] tg d]) ’
1 0-1
(1 — —) ((P() —+ Zt) loglEt ( Y],te ) ,
1 0—1
= IOg IEt (exp |:§Sj,t —+ Ty]'t‘|) .

Replacing y;; with (C.26) and using the properties of a moment generating function for

normal random variable [ gjr+ 55t [po+ Ou(Aej+ (1 —A)z )]],

<D\>—\

(1 - 1) (¢o + z¢) = log By (exp {13”-1- -1 [@o+0u(Aejr+ (1 —A)z) ]) (C.29)
2

1 6—1 11 6-1
= (1 - 5) ®o + [Teu(l — A)} 2t + 5 {9 - Tf)w\} o2, (C.30)
0—1 0—1 o —1 1/1 6-1 2,
(T) (¢o +2t) = —5 ¢o+79u(1—A)zt+§(5+Tem) 2, (C.31)

Matching the coefficients in (C.31) to get two constraints for the parameters to be deter-
mined (g, 02)

-1 -1 1/1 6-1 2
0 ¢O:T(PO+§< +—9;¢A) (752. (C.33)
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Next, 02 can be solved for in terms of the structural parameters using (C.32) and (C.27)

A(1—21)
% = 11— 20" a

Rearranging terms for a more intuitive expression,

A1y
2 1-A 2
ZTI0 @

Next, solve for the steady state (¢p), using (C.31),

Lle—1r 1 A 202
Po=Potr 9 g1 12| %

Substituting for ¢ and simplifying,

O Lle—1r 1 A 202
Po=5 ~logpt o a g t1oa] %
As Qs = var (%s]-,t + #zt\s]-,t),
1 1—86 [cov(%ejt + %Zt,sj t)]z
Q, = . / /
s Var(es]t~|— 5 zt) var(s;) ,
1 1-— 1
:(5) a§+( > y[/\a +—1—A) 71,
1 1 1—6
(T 5]
1 /\ 2

where the third equality uses (C.23) and (C.27). Incorporating (C.34),

Qs:%(l—%) (1+(1—6) (-%))ﬁ

(1= A)(1—21) + (6 — A1 —24) ,
02(1— 1)2 Oe-

Simplifying,

Qs =
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Then by (C.28) and (C.33),

1-MO-1A 1
P0="90_n) 2(9_1)03,
————

¢

where ¢ denotes the steady state of the fundamental equilibrium (C.20).

D Price Setting Firms

D.1 Flexible Prices

As in the baseline model, there is a representative household and a continuum of mo-
nopolistic intermediate goods producers indexed by j € [0,1]. Households supply labor
and form demand schedules for differentiated goods conditional on shocks that have not
yet been realized. However, the key friction is that intermediate goods firms must set prices
first and commit to meeting demand at the announced price, based on an imperfect signal
of the aggregate demand and firm level demand.

After prices are set, the goods market opens, demand is realized, and production adjust
to meet demand at the announced price. The firms’ signal extraction problem can lead to
multiple equilibria and endogenous fluctuations in aggregate output.

As in the case of firms who choose production, sentiment-driven equilibria requires
firms” optimal response to the idiosyncratic fundamental to differ from their optimal re-
sponse to the aggregate outcome. In the case of price-setting firms, the optimal price for
intermediate goods firm j does not depend on the idiosyncratic preference shock for good
j, unless we assume that its marginal cost is positively correlated with its demand. One
approach is to assume that idiosyncratic demand ¢;; affects production technology. For
example, if higher idiosyncratic demand leads to lower marketing costs, then the two com-
ponents of the signal, ¢;; and Z; will affect marginal cost differently. In this case, marginal
cost is falling in idiosyncratic demand and increasing in aggregate demand (through higher
wages). With this modification, if firms condition prices on a dispersed, endogenous signal,
sentiment-driven fluctuations are possible when agents misattribute idiosyncratic demand
to aggregate demand.

Households. The representative household’s problem is

¢,

o ; [ B
maxIEogﬁ (1_74—‘1’(1 Nt)) ’
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subject to

e
C = /ej’th’lf dj ,

/Pj,tcj,tdj + QtBt < Bi—1 + WiN¢ + 111

where C; is an aggregate consumption index and C;; denotes the quantity of good j con-
sumed by the household in period t.?> The idiosyncratic preference shock for good j is
log normally distributed (¢;; = loge;j; ~ N(O, 0?). Y is disutility of labor, while § > 1 is
the elasticity of substitution between goods. The exponent % on €;; is solely intended to
simplify calculations. I'; is profit income from all firms, while W; is the wage.

The household allocates consumption among j goods to maximize C; for any given level
of expenditures. Optimizing its consumption allocation, household’s demand for good j is
given by

0
by
C],t = (E) th‘?],t- (D35)

The resulting aggregate price level is obtained by substituting (D.35) into the aggregate
consumption index,

L\
Py = </0 €j,t1’j,td]) ,
and implies [ P;;C;dj = P;C;.

Choosing labor (N;) optimally, the households’ labor supply condition is

U Wi
Ut _ Wi D.36
Uy, P ( )
YC! = m, (D.37)
by

where %‘ is the real wage. Taking the log of this expression,

wr — pr = ycr +log ¥

23For non-linear disutility of labor, see Appendix (B.2). Specifying the utility function in this way (y # 1)
will allow sentiments to affect the real wage, by -y, the CRRA parameter. This will affect the firms” marginal
cost and their optimal response to sentiments.
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Intertemporal consumption is

Ueir1 Py )
= BIE 4 — .
Qi =F t( Uer Priq

In logs,
1..
cr = Eicrpq — ;[lt — Eimiq — ).

In this model, households form demand schedules for each differentiated good and
supply labor, all contingent on shocks to idiosyncratic demand and shocks to aggregate
income/consumption to be realized. Let Z; represent the household’s beliefs about aggre-
gate income/consumption at the beginning of period t. Households form consumption

plans using (D.35)

0
(Zie = [ Pz |
C],t (Zt/ €],t) - (P],t (Ztl e‘],t) ) Ct (Zt)e]/t’ (D.38)
and decide labor supply, using (D.37) to obtain an implicit function of labor supply as a

function of sentiments, Ny = N(Z;), given a nominal wage W;

P (Zy) = (D.39)

Note that Ht(Zt) = Pt(Zt)Zt — WtNt.

Intermediate goods firms. Sentiment-driven equilibria requires a signal extraction prob-
lem with two shocks, to each of which the optimal response of the firm’s price setting
decision is different. The model implies that the optimal price for intermediate goods firm
j under perfect information does not depend on the idiosyncratic preference shock for good
j. To circumvent this, assume that a firm’s marginal cost is positively correlated with its
demand.

The intermediate goods firms decide price P;; without perfect knowledge of idiosyn-
cratic demand or aggregate demand. Instead, they infer €;; and Y;; from a signal S;; that

may be interpreted as early orders, advance sales, or market research,

— oA yl=A
S]’t — S]/th .
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Lete;; = logejs ~ N(0,07) and y; = (log Yi) — ¢ ~ N(0, 7).
Given an aggregate price index (), intermediate goods producers choose P;; to maxi-

mize nominal profits

max Et [P Y, — WiNje,
it

subject to production function
Yjt = €j;Nj.

Note that idiosyncratic demand €;; will also need to affect production technology for
the sentiment equilibrium to exist (for example, if demand affects marketing costs). Under
this assumption, the two components of the signal, €;; and Z; will affect marginal cost
differently, and fluctuations are possible when agents misattribute the latter to the former.

Demand schedule for good j (imposing the market clearing condition, C; = Y; and

Cj,t = Yj,t)/
b 0
Y, =|=-1] e Y.
]/t (P],t) ]/t

Substituting N;; using firm j’s production function and Y;; from its demand schedule, the

firms’ problem is

max [E; [p]%;e Ple; Yy — W, P} pj;eejl;rytysj,t} . (D.40)

Py
The first order condition is given by
(1—6)P; PPEt(€YilS)s) + 6P P, Ey(Wiej, TYi[S)) = 0.

As nominal variables are indeterminate in the flexible price case, the nominal aggregate

consumption price index (P) can be normalized to 1. Rearranging terms,

b 0 ]Et[wte}’t_TYt|Sj,t]
I 0—1 IEt[Gj,th’Sj,t]
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Replacing W; with the household’s labor supply decision, firm j’s optimal price is

p;

— 1
- ( : )‘Y]E[e},t RANEN
A 0—1 IE[e]-,th|S]-,t]

Timing. Letting Z; denote aggregate demand and ¢;; represent idiosyncratic preference

for good j, the timing of this model is as follows:

1. Households form a labor supply schedule, N¢(Z;), and demand schedules for each
good j, (Cj;(Z,€;;)), contingent on shocks to be realized.

2. Zy, € realized.

3. Firms receive a private signal of aggregate demand and idiosyncratic preference for
; _ A 7l=A
their good, S;; = il

4. Firms can not write contingent schedules for their labor demand, otherwise this
would remove the possibility of sentiment-driven fluctuations. Instead, firms must

commit to a price, P;;(s;), based on an imperfect private signal.

5. The goods market opens. Z, €;; is observed by everyone. Firms meet supply at
posted price Yj;(P;;), so that goods market clears (C;; = Yj;, C; = Yi), and W; =
vz

Equilibrium. In equilibrium, the aggregate price index, intermediate goods price, and the

private signal are given by

1-6 7 e
p = [ / ¢ Ph d]] , (D.41)
0 ]Et[Wtel-t_TYde,t]
P, = I D.42
e -1 Eile;+Yt]Sje] (D42)
Sip = ehZi (D.43)

Note that the firm’s price setting decision already incorporates the household’s optimal
labor supply decision, %f = YY;". In the sentiment driven equilibrium, one additional

condition applies: that beliefs about aggregate demand are correct in equilibrium.

Zi =Y, (D.44)

24Thus, wages are realized at the end of the period.
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After the realization of Z;, and after goods markets clear, market clearing quantities for

each good, aggregate output, aggregate labor, nominal wage, and aggregate profits are

given by
p\°
t
Yj,t = (E) ej/th’ (D45)
41 %
Yy = { / €Yt gd]} / (D-46)
1 ‘ 1o
N = [ Njdj = /O Y€ dj, (D.47)
We_ wy, (D.48)
P
I = PiY; — WiN; = Y; — WiNL. (D.49)

The first equality, which follows from the household’s demand equation, indicates that in
equilibrium, the market clearing quantity of good j is determined by aggregate price index,
price of good j, and realized aggregate output. The second follows from optimal aggregate
consumption by households in conjunction with market clearing, the third from the firm’s
production function, and the fourth from the household’s optimal labor supply condition.
Finally, in the fifth equality, aggregate profits equal aggregate revenue minus aggregate

production costs.

Definition 3. A rational expectations equilibrium is a sequence of allocations {C(Z;),Y(Z;),
Ci(Z, ej,t),Y]-(Zt,e]-It),N(Zt),N]-(Zt, ej,t),H(Zt)}, prices {P; = 1, Pi(Z,€i4), Wi = W(Z)},
and a distribution of Z;, F(Z;) such that for each realization of Z;, (i) equations (D.38) and
(D.39) maximize household utility given the equilibrium prices Py = 1,P;; = Pij(Z,€j;), and
Wi = W(Z;) (ii) equation (D.42) maximizes intermediate goods firm’s expected profits for all |
given the equilibrium prices Py = 1, W; = W(Z;), and the signal (D.43) (iii) all markets clear:
Cit = Yjt, N(Z;) = [ Njdj, and (iv) expectations are rational such that the household's beliefs
about Wy and 11y are consistent with its belief about aggregate demand Z; (according to its opti-
mal labor supply condition), and Y; = Z;, so that actual aggregate output follows a distribution
consistent with F.

There exist two rational expectations equilibria: (1) a fundamental equilibrium with
a degenerate distribution of sentiments, where aggregate output and prices are all con-
stant and where sentiments play no role in determining the level of aggregate output (2)
a stochastic equilibrium where sentiments matter and the volatility of beliefs about aggre-

gate demand is endogenously determined and equal to the variance of aggregate output.
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Fundamental equilibrium. Under perfect information, there is a unique rational expecta-
tions equilibrium in which the price of good j, aggregate price level, and aggregate demand
are constant. aggregate output is constant and known. Then, the private signal that firms
receive reveals their idiosyncratic demand shocks. Using the equilibrium conditions in
(D.42), (D.46), (D.45), and (D.48), Y3, P, Y and Pj; in the fundamental equilibrium are as
follows.

Under perfect information, the price of good j (D.42) is

P — 0 Wte}’t_TYt
= 0—-1 Gj,th )

Replacing W; with (D.48),

6 _
P],t == mTPthlyejltT.

Without loss of generality, normalizing %‘I’ tol,

Pj; = Ptyﬁe].jf. (D.50)

Substituting (D.50) into (D.41), the aggregate price index with flexible prices is indetermi-

nate:

1
_ ) v o—t1—0 ;| °
Pr =1 [ €:[PrY, €t i

1

—T J— . m
- [/6}; a %l]] PY/.

Without loss of generality, normalize P; to 1. The normalization of P; = 1 can be used to
find Yt ’

1
—(1— -1)
Y, = Ue}'t T(1 G)d]} e (D.51)
Taking the log of this expression (let y; = (log Y) — ¢o),
B 1 1-71(1-9)
Yrtdo=ie—1) 8" CrE

As gj; = logej; ~ N(O, 0?), by the properties of a moment generating function for a
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normally distributed random variable,

it g0 = g Var([1 - T(1 - 0)]e;), (D.52)
1 -1(1-9) ,
= ) . o2, (D.53)

Equating coefficients implies y; = 0 and

.1 (1+1e-1)?%,
$o = 2(9 _ 1) v Ue (D54)

As expected, output in the fundamental equilibrium when firms choose quantity (C.20),
(v =1, T = 0) is equivalent to its counterpart when firms choose prices.

Finally, an expression for Yj; can be found by using the demand curve (D.45), and sub-
stituting P; ; with (D.50)

Replacing Y; with (D.51),

S 1-7(1-0) ;.| 7D
Y],t =€ {/ € d]] .

Sentiment-driven equilibrium. When firms set prices conditional on an endogenous
signal of aggregate demand, there exists a sentiment driven equilibrium in addition to
the fundamental equilibrium. The sentiment driven equilibrium is a rational expectations
equilibrium where aggregate output is not constant but equal to a sentiment (Z;). Let Z;
and #j; denote Z; and Y; in log deviation from the steady state of this equilibrium, respec-
tively.?> To solve for this equilibrium, conjecture 2; ~ N(0,¢2), where 02 is a constant to be
determined below.

Consider the case of a positive sentiment shock in the flexible wage and flexible price
model. A self-fulfilling equilibrium is possible when 0?2 is sufficiently low such that firms

attribute just enough of z¢ to €;; and so that the increase in sentiment leads firms to lower

2See appendix (C) for a calculation of the steady state in this equilibrium.
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pj+- When goods markets open, the quantity of firm j’s product, (y;:(p;:)), demanded
at price pj; is higher than that under perfect information. Thus, there is a 0?2 such that

aggregate supply across firms exactly fulfills the positive sentiment formed by households.

Proposition 5. Let A € (0,1). There exists a sentiment-driven rational expectations equilibrium
where aggregate output is stochastic with variance
A
2 A TH+Bi ,

=173 5 op (D.55)

__Bm
where B = 3%

Proof. Equation (D.42) gives firm j’s optimal price conditional on its signal. As it is derived
using equations (D.48) and (D.45), it already incorporates market clearing for labor and

consumption.

o Ei[Wiej, "Yi[S;4]
0—1 e 1]S;]
9 T]Et[Pte}/t_TZ?JFHSM]
-1 Eilej Zs|Sje]

Pj,t —

where the second equality results from substituting W; with the household’s optimal labor

supply (D.48). Taking logs,
6 1—1 7+l
pj+ = log m‘{’ + log IEt[Ptej’t Z; \s]',t] — log IEt[Ej,tZt!Sj,t]-

Conjecture a solution of the form p;; = D + Bs;;. According to this guess, p; = A +
B(1 — A)z; where A incorporates [E(€;;), which affects the steady state. Substituting our
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guess for p;,

pi = log (9(,%1‘1’) +log Es[exp(pr + (1 — T)ejr + (v + 1) (z¢ + o)) |5 4]

— log E[exp(ej; + z¢ + ¢o)|sj
=log (%‘P) + 7P+ A
+1logElexp(B(1 —A) + + 1)z + (1 — T)gjls; ]
— log Es[exp(ej; + zt)]
= log (%T) + 7P+ A+ @ + (11 — p2)sjs
= @0 + HSj

where

0 0O —Q

P=p1— Mo,
= E(B(1—A)+7+ Dz + (1—1)ejsls;l,
1
0, = EVart[B(l —A)+ o+ Dz + (1 —7)ejsls;el,
U2 = ]Et[gj,t + Zt|5j,t]/

1
02 = Evar[g]"t + Zt’Sj,t]-

(D.56)
(D.57)
(D.58)

(D.59)
(D.60)

(D.61)

(D.62)

(D.63)

(D.64)
(D.65)

(D.66)
(D.67)

(D.68)

Variables in lowercase denote the log of their counterparts, with the exception of z; =

log Z; — ¢. Note that the firm’s price is a constant projection of s; ;. Hence, in a sentiment-

driven equilibrium, all firms set prices in the same proportion to their signal.

Taking the log of the aggregate price index (D.41) and substituting for p; ; with (D.62),

(1—0)p: = log IEt[P]%;eej,t],
= log E[exp([1 — 8]pj: +¢+)],
= (1—0)go+ (1 —0)fi(1 — A)z; + log B, [e(1-01iA+1)ejs]

[(1—0)pA+1]2 ,
20—6) ¢

A+ Bzy =@+ (1l —A)zp +
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Equating coefficients on z;,
B=p(1-A). (D.69)
Evaluating (D.65) and (D.67), we have

(y+B)(1—A)e2 —TtA(1 — A)o?

B =
A202 + (1= A)202

(1-2),

which implie826

2 A T+Bﬁ 2
zZ 1_A ,)/ Ue'

(D.70)

From equating the constant terms, we have

(1 —0)pA+1]? 5
20—9) ¢

A= g+

Applying (D.69) and (D.63),

1 [(1-6)12B+1)? 0 O -
4’°_§< 200 —1) 0; ~log (971?) I

Note that A is the steady state for the price level, which is indeterminate, while ¢ is the
steady state for aggregate output. The conditional variances are constants, and functions

of (rg, 0’22, and other parameters of the model,

01— O = (1 + B+ (2= )7+ B) = Blo2 + |+ (s —2)7 — B2 | o2

]

Thus, the volatility of actual aggregate output and beliefs about aggregate demand are
determined by the parameters of the model. If A € (0,1), T > 0, and ¢? > 0, then there

exists a sentiment-driven rational expectations equilibrium with §; = Z; where
2 2
oy =03 (D.71)

Expression D.70 implies that sentiment volatility is determined by structural parame-

26The relationship between the price level and sentiments is indeterminate in the flexible price case.
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ters, such as the degree of complementarity /substitutability in actions across firms (7, 7y),
information content of the private signal (A), and the volatility of idiosyncratic demand
(¢2), all of which affect the firm’s response to a sentiment shock. Note that if T = 0,A = 0
or 02 = 0, then the private signal conveys only aggregate demand or price depends only on
aggregate demand. The result is also that the unique equilibrium is the fundamental equi-
librium, due to substitutability of firms” outputs. Sentiment volatility is decreasingin1 — A;
as the private signal becomes more informative about aggregate demand (1 — A increases),
we approach the certainty equilibrium of the previous section. Sentiment volatility is in-
creasing in 02 > 0, which implies that a sentiment-driven equilibrium needs sufficient co-
ordination. All firms set the same price regardless of their individual signal, but depending
on the (known) distribution of signals. The more volatile the idiosyncratic component of
the signal, the more difficult it is to attain coordination. In this case, sentiment volatility
must be commensurately larger.

The sentiment-driven equilibrium is a rational expectations equilibrium: given the pa-
rameters of the model, 02 is determined such that for any aggregate demand sentiment,
all firms misattribute enough of the sentiment component of their signal to an idiosyn-
cratic preference shock such that price-setting decisions lead to aggregate output equaling
the sentiment in equilibrium. The volatility of the sentiment process (¢2) determines how
much firms attribute their signal to Z;. Firms increase their price in response to aggregate
demand, and decrease their price in response to idiosyncratic demand. Through prices,
firms” output decision are strategic substitutes. When firms actions are strategic substi-
tutes, the optimal output of a firm is declining in 02 as this leads the firms to attribute more
of the signal to an aggregate demand shock. Since firms” optimal price depends negatively
on the idiosyncratic preference shock &;; and positively on the level of aggregate demand,
Zt, if they are unable to distinguish between the two components in their signal, then there
can be a coordinated over-production (under-production) in response to a positive (nega-
tive) aggregate sentiment shock, such that ; equals 2; in equilibrium if ¢2 is as in (D.70).
The rational expectations equilibrium pins down the variance of the sentiment distribution,
although sentiments are extrinsic. The result is an additional rational expectations equilib-
rium that is characterized by aggregate fluctuations in output and employment despite the

lack of fundamental aggregate shocks.

D.2 Sticky Prices

Under Calvo price setting, a fraction 6, of firms can not adjust their price in period t.
Instead, (1 — 6) of firms choose their optimal price taking into account the probability of
not being able to adjust for % periods. The representative households sets wages flexibly.
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As multiple equilibria arises from coordinated actions when signals are correlated, sticky
prices will reduce the set of equilibria by impeding coordination. As a result, sentiment-
driven fluctuations are less volatile. Due to the endogeneity of sentiment volatility, when
the central bank targets inflation strongly or prices are more flexible, this leads to higher
volatility of output. Note that although sentiment shocks are iid, the Calvo parameter
affects inflation through the proportion of firms who can reset prices.

The following sections will introduce the micro-foundations of this model: the optimiza-
tion problems of households and firms, timing to clarify what is known when decisions
are undertaken, and equilibrium conditions. The quantity of output in the fundamental
equilibrium is derived, followed by the mean level of output in the sentiment-driven equi-
librium. In addition, the mechanism behind a self-fulfilling equilibrium with sentiments
will be described.

Households. The representative household’s problem is

¢,
I—v

maxIEoiﬁt ( +‘Y(1—Nt)> ,
t=0

subject to

0

} b ] ™
C = { / e!C., d]} ,

/Pj,tcj,tdj + Q¢Bt < By_1 + WiNt + Try.

From the household’s problem, we obtain optimal conditions for demand (C; ),

C (Pj't>_9c
(L e
jt Pt tCt

where the resulting aggregate price index

1

1-0
Pt = |:/ ej,tP]%t—9d]']
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implies [ P;+C;sdj = PiCy. The household’s labor supply schedule,

Ut W
uc,t pt,

Wi

YC) = —
Ct Pt/

wt — pr = ycr +log Y.

Finally, intertemporal consumption is given by

Ueir1 Py )
— BE, [~ Tt )
Qe=F t( Ut Py

1..
ct = Ercp1 — ;[lt — Esmi1 — p).

The representative household chooses labor N; to maximize utility?”

T—y

C
max —— +¥(1 - Nj),s
N 1—7
subject to budget constraint
Wi IT,
Ct < —Ni+ —,
tSp T 2

where C; is aggregate an consumption index, %f is the real wage, %" is real profit income
from all firms, ¥ is disutility of labor. Their first order condition is

1W
Y+ t
Cl = ¥ (D.72)
where
0
']
C, = [ /O erC! d]] . (D.73)

6 > 1is the elasticity of substitution between goods, C; ; denotes the quantity of good j con-
sumed by the household in period t. The idiosyncratic preference shock for good j is log
normally distributed (¢;; = logej; ~ N (0,02). The exponent % on € is solely intended to

?7Specifying the utility function in this way will allow sentiments to affect the real wage, by 7, the CRRA
parameter. This will affect the firms” marginal cost and their optimal response to sentiments. In the previous
setup, ¥ = 1.
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simplify calculations. The household allocates consumption among j goods to maximize
C: for any given level of expenditures fol P;+C;dj, where P;; is the price of intermediate

good j.

From optimizing its consumption allocation, household demand for good j is given by

0
by
Ci;= 1| = Ciejy. D.74
it (Pj,t) t€],t ( )

The resulting aggregate price level is obtained by substituting (D.74) into (D.73):

L
Py = </0 €j,tPj,td]) .

In this model, households form demand schedules for each differentiated good and sup-
ply labor, all contingent on shocks to idiosyncratic demand and aggregate demand, to be
realized. Let Z; represent the household’s beliefs about aggregate demand at the beginning

of period t. Households form consumption plans using (D.74)

0
Cj,t(Ztrej,t) = (PLZt))> Ct(Zt)ej,t/ (D.75)

it (21, €t
and decide labor supply, using (D.72) to obtain an implicit function of labor supply as a

function of sentiments, N; = N(Z;), given a nominal wage W;,

W;

Wi (z) ]
¥ [Pt(zt)Nt + Ptt(Ztt)

P (Zs) = (D.76)

Note that Ht(Zt) = P[-(Zf)Zt — Wth.

Firms. The firms’ marginal cost is derived from the following minimization problem,
min W;N it
N]-,t !

subject to

T
Vit < €Njp.
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The Lagrangian is
L = WtN]"t — th(G}-L:tN]"t — Yj,t)-
Substituting for W; using (D.72), nominal marginal cost is

®; = Ye,; 'Z/ Py,

¢r = log(¥) — TEj ¢+ VZt + Pt

Under Calvo price setting, the aggregate price index is as follows:

— *(1—0)
= [ Pl e+ / ejud
t

where x{ denotes the set of firms who can not re-adjust prices in period t and X; as the

complement of this set. Let

_ 1 .
9_ / ¢ P]lt 96] td]'

*(1—0)

Pt*( B ej,tdj'

Using these definitions, the aggregate price index is given by

P8 = 9,P1f + (1—6,)P;" 7,

1-6 P\

A first order approximation to (D.80) around a zero inflation steady state yields

e = (1—6,)(pi — pr-1)-

The firm’s profit-maximizing price is
i — Pr—1 = (1= BOp)Er[yze — Tejels) ] + Er[me[s)e].

Substituting 71; with (D.81),

pir = (1= BOp)Ei[vze — Tej 5] + (1 — 0p)Ee[pilss] + Oppi.
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To find an expression relating the aggregate price level and sentiment (p; (z¢)), conjecture
pi = D + (1 — A)z;. Use the conjecture and (D.82) to find P

pir = (1= BOp)E[vz: — Tejulsj] + (1= 0p)Ee[D + p(1 — A)zilsj] + Oppr—a
= (1=0p)D+0ppi—1 +Es([(1 = BOp)y + (1 —0p)u(1 — A)]zt — (1 — BO,)Tej 455t

Let pi; = D + psj; where

cov([(1 = pbp)y + (1= 0p)pu(1 — A)]zr — (1 - pO))Te)1,5,4)
var(s; ) '

],{E

Substitute p]*/t into (D.78) and equate coefficients to find the steady state for p]*/t and pj, as
well as their responses to z;. Taking the log of (D.78) and defining E asﬁ | )’

(1—0)p; = InE,, et 0Piteir,

(1-0)pA+1 ,
2(1—9) <

pi =D+ u(l—A)z +

Equating coefficients,

1[(1-0)ur+1]? ,

JR— 0'€

6, 2(1-86)

_ 1-60, [(1-0)uA+1]? ,

P=pat— 2(1—8) ‘¢
Y(1 = A)o? — TAc?

=1 P35 02 +0,(1 — 1)2072

D=pi1+

Note that y is close to E¢[yz; — Tej|s; ] if 6, — 1. The more flexible prices are (6, — 0), the
larger is u, and the more pass through of z; to p]’.‘,t and thus to p;. When prices are sticky,
coordination is more difficult to achieve. The 0, in the denominator is from the effect of z;

on p;. The implied processes are

1—6,[(1—0)ur +1)? Y(1 = A)o? — TAc?

6, 21—g t1-F P R2eT T b (1= A)202
_ 1[(1—0)ur+1)2 2, Y(1 = A)o? — TAc?
PE=poat = aag %t 0Bz oA

(D.83)

Pit=P-1+

(1-A)z. (D.84)
Substituting for p; in (D.81) with (D.84), we get a form of the New-Keynesian Philips
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Curve, which results from the price-setting behavior of firms with imperfect information,

1—0,[(1—0)ur+1]? (1 — A)o? — TAc?
epp[( 2(1)69;]‘73“1 6)(1 ﬁe))@irue)? ;)ng

T = (1 - /\)Zt. (D85)

Note that the degree of pass through of z; to 71 is increasing in the degree of price flexibility

6y 1).

Central bank. The central bank sets the nominal interest rate as a function of price infla-

tion and output
- —17Pn ¢
Q; ! =p IHT + Y,
In logs,

it =+ Pr7tt + Pyt

Equilibrium. In equilibrium, the aggregate price index, intermediate goods price, and the

private signal are given by

1

-6
p = { / &Py Od]] , (D.86)
0= Z 0% pEHQpt+k Y ke (P — My 0], (D.87)
k=0
Sip = €Nz (D.88)

With iid sentiments, (D.87) simplies to

. 0 ]Et[Wte Yt|S] t]
it T -1 ]Ef[GJ,th|5],t]

In the sentiment-driven equilibrium, an additional condition requires beliefs about ag-

gregate demand to be correct in equilibrium,
Zi =Y. (D.89)

After the realization of Z;, and after goods markets clear, market clearing quantities for

each good, aggregate output, aggregate labor, nominal wage, and aggregate profits are
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given by

6
by
Yj,t = (E) €j,th, (D.90)
6
1 q_1 |81
Y = [/ €Yt ed]} , (D-91)
N, = / dj = / Y€ dj, (D.92)
v
Pt — (D.93)
Il = PiY; — WiN; = Y; — W;N. (D.94)

The first equality follows from the household’s demand equation and indicates that in
equilibrium, the market clearing quantity of good j is determined by aggregate price index,
price of good j, and realized aggregate output. The second follows from optimal aggregate
consumption by households in conjunction with market clearing, the third from the firm’s
production function, and the fourth from the household’s optimal labor supply condition.
Finally, in the fifth equality, aggregate profits equal aggregate revenue minus aggregate

production costs.

Effect of an iid shock to sentiment. The Euler equation and Taylor rule imply the follow-

ing relationship between inflation and sentiments in partial equilibrium

S S (D.95)

$n

while the New-Keynsian Philips curve (D.85) describes another relation. In a sentiment-

driven equilibrium, the o2 that satisfies both relationships is

A T_lAM ﬁ91)( 9)7;;%

2 —A(1-p6p)(1-0p) ¢n o

oL = ) N 7, = og. (D.96)
VT =p6,)(1-6,) n

Proposition 6. Let A € (0,1). Under Calvo price setting, there exists a sentiment-driven rational

expectations equilibrium where aggregate output is stochastic, with variance increasing in ¢, and
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decreasing in ¢y,

A T__1A/\_97/\ th%
2 — M Ypstp i 2
UZ - 1— A v r)/+<Py Uel (D97)
,)/ + )\}7 (Pn_

where Ay = —(1_9’”)9(:_59’”)7.

Under sticky prices, the self-fulfilling equilibrium has a different mechanism than in the
case where firms set prices and households set wages flexibly. Here, a positive sentiment
shock is realized when the nominal interest rate falls, which follows from a decrease in
price inflation. For price inflation to fall when sentiment increases, ¢> must be sufficiently
low such that firms must misattribute enough of the increase in z; to €;; instead, leading
them to lower prices. When goods markets open, households demand y;(p; ), which is
higher than the quantity that would have been demanded if firms had set prices under
perfect information. There is a 02 such that aggregate supply is equal to the sentiment that
households have formed.

Note that as price flexibility facilitates the pass through of z;, sentiment volatility is
increasing in the degree to which firms are able to adjust prices. As ¢ — coor A, — oo,
02 approaches its value under flexible prices (D.55).

By (D.97), a policymaker can suppress non-fundamental fluctuations with a simple in-

terest rate rule that places sufficiently low weight on price inflation,

A1 vty

A S W (D.98)

In the complete information case, the condition for indeterminacy is given by (Bullard
(2002)),

1-p

K

P >1— by,

where k = Ay7.

Proposition 7. In an equilibrium with sentiment-driven fluctuations, the central bank faces a
tradeoff in stabilizing output and inflation. Equation (D.95) can be used to derive a relationship
between the volatility of inflation and the volatility of output,

02 = (7;%)205.

T
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Figure 2: Indeterminacy and Determinacy Regions
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Note: These figures show the indeterminacy region for a model with B = 0.99 (which implies a steady state real return on bonds of
about 4 percent), ¥ = 1 (log utility), and 6, = 0.66 (an average wage duration of 1.5 years), and a weight of A = 0.2 for the idiosyncratic
component of the signal.

Expressing O’yz and o2, in terms of model parameters,

Ay TP
o2 — A TG, ¢ny(72
Y 1_A ,Y_|_)’\);]'Y;‘fy €/

2 _ Ay Py
o2 Y+ Py A TTI30,4, ox .2
" ¢r ) T—A a2

As the central bank increases its response to price inflation (¢,), the volatility of price inflation

declines, but this comes at the expense of higher volatility of output. Assuming ¢, > ﬁ % @,

i.e., we are in an equilibrium with non-fundamental fluctuations ( (Tyz > 0),

o0

y
— > 0.
0P

Conversely, the more the central bank responds to output, the more volatile price inflation is in
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equilibrium.

Asin D.95, let %—’ZT: = —%. Assuming ¢ > ﬁ% 7+T¢y , so that we are in an equilib-

rium with non-fundamental fluctuations ((Ty2 > 0),

) o7t A Y dm A v
el A A\ | T 1oag 0z ToAdA
¥y _ o2 t r’tp + Ptp >0
—A€ _ yom _aom
a(Pn 1 /\ a(Pn ’)/ Ap 2t ’)/ )\p azt

The same is true for price flexibility, 5 e 0.

E Productivity shock

The baseline model has shown how monetary policy that targets inflation strongly can
increase the volatility of non-fundamental fluctuations, which arise under a minor devia-
tion from the complete information benchmark of a standard New Keynesian model. We
abstracted from fundamental sources of fluctuations in order to isolate the effects of non-
fundamental shocks. This section will demonstrate the robustness of these results to the
case where aggregate output also consists of a fundamental component, an unobservable
technology shock (A;).

Recall that the results of the previous section were derived from two key conditions,
which are maintained in this extension: (1) firms are unable to distinguish between idiosyn-
cratic and aggregate demand and (2) endogenous signals that capture aggregate demand.?®
Therefore, whether aggregate demand is comprised of non-fundamental or fundamental
components does not affect the conclusions. Not only do non-fundamental fluctuations
introduce a tradeoff between stabilizing output and inflation, they are also not efficient.
The stance of policy will also affect how technology shocks are transmitted to aggregate
output. However, as long as the policymaker is unable to distinguish fundamental from
non-fundamental shocks, it is unable to eliminate the latter.

As before, let Z; denote households’ beliefs about aggregate demand, but let it be com-

ZChahrour and Gaballo (2021) note that the non-fundamental equilibria in Benhabib et al. (2015) are not
robust to exogenous aggregate variation in the signal. However, equilibria with both non-fundamental and
fundamental aggregate components can still emerge when agents have separate exogenous signals about
other aggregate exogenous components Acharya et al. (2021).
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prised of both a fundamental shock (A;) and a non-fundamental shock ({;),
Zy = f(Cr, At).

Let a; = log Ay ~ N(a,0?) be an AR(1) process,
A=Al eay.

As in the previous section, let households’ labor supply schedule be a function of their
beliefs about aggregate demand

W, 1
?: = ‘?zz. (E.99)

Household demand for good j is given by

0
by
Y;i= | — 1Y E.l

In this extension, firm j’s production function also depends on an aggregate productivity
shock,

‘Yj,t - Ath,t' (E].O].)

Firm j’s first order condition, incorporating (E.99), (E.100), and (E.101)

0—11 1 1 o
Yia = (]E [T‘?ejg,tztg ,YAt’S]}f}) : (E.102)

As before, firms base their production decision on a signal that confounds aggregate and

idiosyncratic demand,
_ A gl-A
S],t — €J/t Zt .

Aggregate output is given by

1 % % 181
Y, = { /O Y, ej,td]} . (E.103)



Finally, in equilibrium, households beliefs about aggregate demand are self-fulfilling
Zt = Yt.

E.1 Flexible wages

Certainty equilibrium. Under complete information, optimal production of firm j is

011 1 1. 0
Yjr = (T—eﬁtYﬂ 7At> .

Conjecture that aggregate demand Y; is driven by both technology and a non-fundamental

component,
Yt = e4>64 A;PW gt/

where 4)64 (the steady state of log Y}), ¢y, (Which parameterizes the transmission of the tech-
nology shock to aggregate ouput), and (Té (the volatility of the non-fundamental shock) are
parameters to be identified. Substituting firm j’s optimal production into (E.103), fluctu-
ations in aggregate output depend only on exogenous changes in technology when infor-

mation is complete,

N
0—-11 | T
Yt = <T?At |:/€],td]:| ) .

Proposition 8. When firms perfectly observe shocks € ; and Ay, there is a certainty equilibrium in

which Y; responds only to fluctuations in technology. y; = log Y; has mean and variance

A*—ll 9;11 _‘_ﬁ_‘_;gz
=218 g v 200—1)7¢)"

The relationship between output and aggregate technology is Py, = % and output is not driven by
any non-fundamental sources ( ag = 0).

Non-fundamental equilibrium. Information frictions are essential for an equilibrium in
which fluctuations in aggregate output contain a non-fundamental component. To demon-

strate this, consider the case where firm production is conditioned on a signal that con-
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founds aggregate and idiosyncratic demand, S;; = eﬁtZ}_A,

Y

0
1 1 1p
o= [ D) e (s,

As before, conjecture aggregate demand to be driven by both technology and a non-

fundamental component, where 4)64, Pya, and ag are to be identified,
Yy = 64’64/1;#%@.

Proposition 9. Let A € (0, 3). When firms condition output on an endogenous signal, Y; features
fluctuations from both fundamental and non-fundamental sources, Ay and ;. Aggregate output,

yt = log Y ~ N(¢g, 07), is stochastic, with mean ¢g' and variance o,
A oo (011, Q0 1 (1 6-1 A 2
=518 5 v 2 "20-10%\8" 8 1-A

1
2 _ 2 2
0y = 07 + —72%,

The volatility of non-fundamental fluctuations is

¢_1
ya v

As long as endogenous signals capture aggregate demand and firms are unable to dis-
tinguish between idiosyncratic and aggregate demand, their signal extraction problem will
entail misattributing one to the other, leading to fluctuations which have both fundamental

and non-fundamental components.

E.2 Calvo Wage Rigidity

The equilibrium conditions in sections (3.1) - (3.5) are maintained in this extension, with
the exception that A = Ay and Z; = f({s, At).

Proposition 10. Let A € (0, %) When firms condition output on an endogenous signal, there
exists a rational expectations equilibrium where aggregate output Y; features fluctuations from
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both fundamental and non-fundamental sources, A; and ;. Aggregate output, y; = logYy ~
N (4)64, (Tyz), is stochastic, with its variance increasing in ¢% and Ay,

1+ %A )2
2 2 T/ vw 2
Y ¢ (r)’(l 4)%))\20) Py !

The volatility of non-fundamental fluctuations is

RN 0%
E7 (14 ¢%A0) + ¢y

1.
8%

= % (1 — ﬁ) o2. Aggregate technology affects aggregate output by

Aw(@F —p) + (1 —Bp)(1—p)
Y(1—p) + ¢yl(1 = Bp) + vAw(P — p)°

Pya = [

A proof of this proposition is provided below. As ¢%¥ — oo, (75 approaches its value
under flexible wages,
1 1
lim 02 = —&2 + —02.
ple0 Vo E 2"
A nominal interest rate rule that responds strongly to wage inflation will increase volatil-
ity in beliefs about aggregate output. In an equilibrium where these beliefs can be self-

tulfilling, stabilizing wage inflation increases the volatility of aggregate output. Letting

a = ’Y(l+¢§¥/\w)+¢y
w — 1+(P7Z¥)\w ’
oy 1 da
y 2 -3 ) w
—=—|2 — = >0, E.104
a(P% ( O-Llaw + gazaw ) a(PgE) ( )
do? _ 1., 5\ oa
ﬁ — (2o—§aw3 + gazzawz) ﬁ >0, (E.105)
since gg)%‘;, = —OJFA(;UT(’;{)Z < 0. Wage flexibility will also increase non-fundamental volatility,
since gﬁi‘; = —ﬁ% < 0.

Stabilizing output increases the volatility of wage inflation,

8aiw_( Mgy )2[ 1 5z(i_iaﬂl_w>+%(i_iaﬂ_wﬂ
Iy 14+ App¥ Oay = \ ¢y awoPy az, \¢y awopy )|’
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Note that aq’;w > 0, since

1 19 1 1
4 t%w 1 > 0.

Gy aw Py Py y(L+PRAw) + Py

As in the baseline model, the presence of non-fundamental shocks creates a tradeoff
between stabilizing output and inflation. Equation (E.125) can be used to derive a relation-
ship between the volatility of inflation and the volatility of output,

Awp 2
2 wyYy 2
2y = (—1+ Awq)%) 02

Expressing (Tyz and 02, in terms of model parameters,

Uz_L(T + 1
Y Bay * %U

2
2 w¢:‘/ 1 ~2 1 2
v = (1+Aw<p§‘{> (GawUZ+a20>

The following proposition summarizes these findings.

2

Proposition 11. In an equilibrium with non-fundamental fluctuations, the central bank faces a
tradeoff in stabilizing output and inflation. As the central bank increases its response to wage
inflation (¢p%), the volatzlzty of wage inflation declines, but this comes at the expense of higher

output volatility (E.104), 5z ¢w > 0. Conversely, the more the central bank responds to output,

a w
output volatility decreases at the expense of more volatile wage inflation, by 0.

The dynamics of this extension follow those in the baseline case: as the policymaker tries
to stabilize wage inflation, the real wage becomes less responsive to beliefs about aggregate
demand. As a result, firm production is characterized by more strategic complementarity.
An individual firm’s best response will internalize others’ best responses in forming a be-
lief about the distribution of aggregate production. In the aggregate, this increases the
responsiveness of output to A; and {;, amplifying both non-fundamental and fundamen-
tal shocks. The tradeoff between inflation and output remains; a policymaker that tries to

stabilize output will amplify the responsiveness of inflation to these shocks.

Proof - Sentiment Equilibrium with Flexible Wages and Technology Shocks To solve for
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equilibrium output, conjecture Y; = MA;’DW Crand y; = log Y; ~ N(¢§, (75). In expectation,

2 V07 +07

R A (E.106)
This implies

Py =m+ Pyad,

2 2 2 2
0y = Pya0, +07.
Firm level production, in logs,

Yjt = 0log (Ta) +(1—76)¢f +6a+0E gbit T (5 — V)Gt + |8 s +50,

where §;; = Aej; + (1 — A)(QPyats + §1), @ = log Ay ~ N(0,02), C; = {4 ~ N(O,ag),
7 = logV; = log[/lzpy“ét] ~ N(0,07) and Qs = Var[gej: + (5 — 77t + @3] Let firm
production be represented by

~

Y:

it — e@OS.B

it

where §th = eﬁt[Azpyaét]lﬂ\, @o = Olog <%%) + (1 —0) st +0a+ gﬂs, logY; ~ N(0, (75),
and B = 0u. By (E.103), aggregate output is

6
_ 1,6-1 -1
Y, = e[ Atz B0 { [ dj] .

.

K1
In logs,
Yt = @o + B(1 — A) [¢pyaa; + Ct] + log k.

In expectation, this expression implies

2
34’64*% _ pPotlog K1+3 [3(1—7\)]2[¢§a‘73+‘7§] )
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Equating with the conjecture (E.106),

1
P=1—v
¢§' = @o +logxi,
= flog <%%) +(1—0)¢5 + 6a + gﬁs +log ki,
:% log (%%) +zz+%+1°%ﬂ ,
:l_log(g;ll>+ﬁ+%+ ! 02(1 o-1
¥ 0 ¥ 20-1) <\6 "
o
Yo =
=L g (U510 ) 4 2] 4 e
ol 6 Y 2 0

1 _ 1

2 2
s = — +—c7,
Yy r),g ,),26Z
o2 iz

g = 792

ﬂ> 02. Equating with the results from our conjecture,

(E.107)
(E.108)

(E.109)

(E.110)

(E.111)

(E.112)

(E.113)

When firms condition production on an endogenous signal of aggregate demand, there is

an extrinsic component to aggregate output ((Tg > 0).

Proof - Sentiment Equilibrium with Sticky Wages and Technology Shocks Incorporating

the household’s labor supply condition and its own production function, firm j conditions

production (Y; ) on its signal S,

Y,
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In logs, and letting Qs = Var [%(sj,t +yi) — 0w} + Tat|s]-,t} ,

1 0
yj; =0In (1 - 5) + Elej ¢ +yr — 0wy + 0ayls; ] + EQS' (E.114)

The other equilibrium conditions include the Euler equation, Taylor rule, New Keynesian
Phillips curve for wage inflation, the signal firms receive, labor supply of households, mar-
ket clearing, and technology process,

1 -

¢t = Bilriq — ;(lt — E;7ti41), (E.115)
Iy = PUAY + pyi, (E.116)
Ay = BE At — Awfly, (E.117)
sip=Agjp+ (1= Ay, (E.118)
iy = W — ey, (E.119)
Ue=0C (E.120)
1

Ut = ; jdj, (E.121)
p1 = pdr + &4 (E.122)

Conjecture the following policy functions for output, price inflation, wage inflation, and

the real wage,

ér = gt + bcw:_l + lpyaﬁtl
a

A - AT ~

At = anlt + b 1 + crdy,
7:[?) = amol; + b;—cqu);_l + Cpwdy,
AT & AT N

W; = Ayt + bW _q + cwly.

The following coefficients verify the conjecture

- V(1 + P ) + ¢y

Y 1+¢%A
bnj — 1,
w Aw(rby
Ap = ————=,
14+ A%
g — _’Y(l + ¢7hw) + ¢y (1 + Ao)
& 14+ Ay '
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Assuming technology shocks are iid (o = 0),

V(1 + ¢FAw) + Py

Cw = 11 (P%))\w 1/Jya/

o — (14 97Aw) + ¢y (1 + Aw)
T T 1 ‘f‘)\w(PZ;-(() yar
w w(Py ¢ya

CT[_ 1+Aw¢w

From the wage inflation equation, b¥(1 — Bcw) = Aw7Ybe, which implies b¥ = b, = 0.

Note that the coefficients imply the same responses to the state variables as the baseline
case where z; was entirely non-fundamental. Now, when z; is composed of both funda-
mental and non-fundamental components (z; = ; + ¥yqa;), the policy functions can be

written as

o (1 +‘PZ7¥)\w) + Py

e P (Gt + Yyaar), (E.123)
= =g ;;Z)n (Zt + Pyaar), (E.124)
= XLE Awf:_))\zgé(l * Aw) (Gt + Wyaar) + W} _4, (E.125)
ct = (¢ + Pyaar. (E.126)

Next identify iy, from the equilibrium condition (E.121). Let §;; = y;; — ¢o, where
po =0 [ln (1 — %) + %} . By (E.114) firm j’s first order condition is given by

Uit = Elej; +yr — 0wy + 0ay[s; ]
= Ele;; + (& + Pyalt) — 0(awls + cwar) + 0als; ]
= Elej; + (Yya — 0cw + 0)ar 4 (1 — 0aw)Ct[s;]
AGZ + (ya +0(1 = cw))ya(l — A)og + (1 — 0ay)(1 — A)Uf
- 2,2 2042 02 1 o2 [Aej 4 (1= A)ye.
A Ue+(1_)\) (lpyaaa +U§) ~ ~~ -

Sj,t

Equilibrium condition (E.121) implies

)uf§ + (l/)ya +6(1 - Cw))lpya(l - )‘)Uﬂ% + (1 —faw) (1~ A)Ug _ 1 (E.127)
A202 + (1= M)2(y2,02 +07) e |
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Solving for ¥y,

wﬁa = (lpya + 9(1 - Cw))lpya-
For ¢y, # 0, ¢y = 1, which implies

o = 14+ 9%,
(14 9EA) + ¢y

Solving for 07 using E.127,

A A
2 _ 2 2
o7 = (1 =ba)o; + 35 (1_1—A>Ue'

Letting 72 = ﬁ (1 - ﬁ) 02, which is equivalent to sentiment volatility in the model

without technology shocks,

1

2 ~2

0r = —0.
4 fa,

Note that as ¢ — oo, we approach the flexible wage case, where a,, — <. Finally, using

_ 1+p% Ay
Pya = Y(1+97Aw)+dy”
follows,

we can express the coefficients (c,, c;v) for the technology shock as

_ (1 + ¢7Aw) + Py(1 4 Aw)
Y1+ Awd) + ¢y
w )\w(Pl/

Cp = — .
" Y1+ Awd) + ¢y

Cnq =

4

Persistent technology. Under the assumption that technology shocks are persistent (o >
0), ar, a%, and a, remain the same, while the coefficients for a; in our policy functions are

as follows,

(X =p) + ¢y](1 — Bp) + vAw(PF — p)

W (7 By v oy A
1

Crw = m[—/\w(cw - r)’tl}yﬂ)]/

Crx = Cpw — Cyp-

Under persistent technology shocks, E.127 still holds. Solving for ¢, and assuming ¥y, #
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0, cw = 1, this implies

oo Aw(p7 —p) + (1= Pp)(1—p)
(1= p) + ¢yl (1= Bp) + YAw( —p)

Crw = — /\w(Py ’
7 ([0 =p) + 2101 = Bp) + A9 —p))
Cnr = — /\w(]by —1.

7 (11— p) + 21(1 = Bp) + Aul9¥ —p))
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