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Abstract

Sentiments, or beliefs about aggregate demand, can be self-fulfilling in models de-
parting slightly from the complete information benchmark in the New Keynesian frame-
work. Through its effect on aggregate variables, the policy stance determines the degree
of complementarity in firms’ production (pricing) decisions and consequently, the pre-
cision 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 sta-
bilizing 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. In-
stead, 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

Recent discussions about the recovery suggest that a range of outcomes may be possible.
In part, this arises from the feature that the decisions of any agent depend on the expected
decisions of many others. For example, investment is said to be contingent on the recov-
ery of demand. Meanwhile, a recovery in demand depends on labor market conditions,
which in turn relies on supply. These interdependencies imply that strategic uncertainty,
or uncertainty about others’ decisions, and what they believe, may be a source of friction
(Angeletos and Lian, 2016).

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. 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.

This paper formalizes this intuition by embedding strategic uncertainty in a New Keyne-
sian model. A continuum of firms are linked through factor prices and aggregate demand
externalities, as in the canonical model. While such linkages provide a motive for coordi-
nation, 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 idiosyncratic and aggregate demand, an endogenous
outcome and a source of correlation. Dispersed information impedes coordination among

firms, while endogenous signals correlate 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

!n this application, the signals that agents observe are endogenous because they capture an outcome that
results from the optimizing behavior of agents (see e.g. Grossman and Stiglitz, 1980; Amador and Weill, 2010,
2012; Vives, 2017; Chahrour and Gaballo, 2020; Acharya et al., 2021). Other applications have used this term
to refer to signals that are chosen optimally by agents with an incentive to acquire private information (see
e.g. Hellwig and Veldkamp, 2009; Myatt and Wallace, 2011; Paciello and Wiederholt, 2014).

ZRealizations of aggregate demand from this distribution will be referred to as non-fundamental shocks,
the source of non-fundamental fluctuations. Under the information frictions assumed here, there also exists
an equilibrium where aggregate fluctuations are driven purely by fundamental shocks (as in the complete
information case). Since the baseline model will abstract from fundamental sources of fluctuations in order



of strategic complementarity in production and therefore how firms optimally use their
signals to make production (pricing) decisions.® As in a Lucas island model, an individual
tirm’s production (pricing) decision depends not only on expected idiosyncratic and aggre-
gate 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 self-fulfilling distribution of actual aggregate output.

The deviation from the benchmark New Keynesian model is minimal, yet the policy
implications differ significantly due to the endogenous nature of sentiments.” Policy itself
becomes a source of fluctuations, as the frequency and size of shocks that hit 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 trade-off for a policymaker whose goal
is to stabilize output and inflation. The endogeneity of non-fundamental volatility to the
stance of policy 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 expec-
tations of aggregate demand.® The presence of non-fundamental shocks underscores the
importance of understanding the source of fluctuations when determining the appropriate
monetary policy response. Although these shocks are conceptually demand shocks, they
induce the same co-movements in output and prices as a productivity shock. Yet, they also
introduce a trade-off between stabilizing output and inflation, akin to cost-push shocks.

to highlight the properties of non-fundamental shocks, sentiment and non-fundamental will be used inter-
changeably. However, section (5) will consider the case where sentiment (a belief about aggregate demand)
is composed of both fundamental and non-fundamental shocks.

3Note that multiplicity of equilibria does not rely on strategic complementarity, as endogenous signals
induce complementarities in actions. As we will see, the non-fundamental fluctuations in this equilibrium
occur even in the presence of strategic substitutability.

4Surveys of firms suggest that expectations of marginal costs depend on both firm-specific and aggregate
factors (Coibion et al., 2018; Boneva et al., 2020; Okuda et al., 2021).

SThese results also hold in the case of firms that set prices under incomplete information (see Appendix
(B.2)).

®This channel of monetary policy will be distinct from the signaling channel (Melosi, 2016; Tang, 2013),
since firms do not infer shocks from the nominal interest rate decision. Firms and households make decisions,
taking into account the coefficients in a simple interest rate rule.

7 A higher degree of wage (price) stability is also destabilizing in this model. Bhattarai et al. (2018) find
that more price flexibility always amplifies output volatility for supply shocks, regardless of the monetary
policy response to inflation, while De Long and Summers (1986) arrive at the same conclusion for demand
shocks if the policymaker does not respond strongly to inflation.

8This is in contrast to the literature on multiple equilibria in New Keynesian models with complete infor-
mation, which has emphasized the Taylor principle in ruling out expectation-driven fluctuations of the price
level (Clarida et al., 2000; Bullard and Mitra, 2002; Davig and Leeper, 2007). A strong response to inflation is
stabilizing, as the real interest rate increases sufficiently to dampen aggregate demand and inflation.

2



Next, I show that these information frictions introduce a trade-off between informational
and allocative efficiency, qualifying conventional results for the optimal design of mone-
tary policy. I consider the problem of a social planner who cannot aggregate information
among firms, but can only map firms” actions to the signals they receive. The constrained
efficient allocation does not feature non-fundamental fluctuations, and comparing it to the
decentralized equilibrium highlights endogenous signals as a source of inefficiency. How
tirms use their information will affect the precision of the endogenous signals they receive,
which is an externality that firms and policymakers do not internalize. I show that this
planning exercise has a realistic policy counterpart. By mitigating the degree to which it
responds to inflation, the policymaker eliminates non-fundamental fluctuations, preclud-
ing the output-inflation trade-off.

Finally, I extend these results to the case where beliefs about aggregate demand are com-
prised of both a non-fundamental and fundamental component, a shock to productivity. As
in the baseline model, beliefs about aggregate demand affect production decisions through
the signal extraction problem of firms. In this extension, information frictions will affect
the transmission of fundamental shocks to aggregate output and aggregate fluctuations
will have both non-fundamental and fundamental components. However, if the policy-
maker cannot distinguish between non-fundamental and fundamental sources of fluctua-
tions, monetary policy can no longer implement the constrained efficient allocation.

This paper builds on an extensive literature which incorporates information frictions in
macroeconomics (Mankiw and Reis, 2002, 2007; Woodford, 2003; Adam, 2007; Lorenzoni,
2009). While this literature has focused mainly on the effect of uncertainty about fun-
damentals, this paper considers the role of strategic uncertainty, i.e., the uncertainty that
agents face about the behavior of others (Angeletos and Lian, 2016). Most importantly for
this paper, strategic uncertainty can yield extrinsic volatility, or volatility in equilibrium
outcomes orthogonal to the volatility in fundamentals.” While earlier work explored con-
ditions under which non-fundamental volatility can arise in stylized settings, I contribute
to a recent strand of literature that obtains non-fundamental fluctuations by introducing
incomplete information in otherwise unique-equilibrium macroeconomic models (Angele-

tos and La’O, 2013; Benhabib et al., 2015).10 In such models, equilibrium conditions impose

9Strategic uncertainty and the accompanying frictions in coordination can also generate persistence in
the response of macroeconomic outcomes to aggregate shocks to fundamentals (Angeletos and La’O, 2010;
Woodford, 2003). Similar dynamics can be generated using sticky information (Mankiw and Reis, 2007) and
rational inattention (Sims, 2003; Mackowiak and Wiederholt, 2009)

19Earlier work includes Azariadis (1981), which considers randomization over multiple certainty equilib-
ria. Cass and Shell (1983) use restrictions on market participation in overlapping generation models. Similar
dynamics can be found in models with strategic complementarities (Cooper and John, 1988) or increasing
returns in production (Benhabib and Farmer, 1994; Farmer and Guo, 1994; Wen, 1998).



more structure on the process by which agents with dispersed information coordinate, fa-
cilitating 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 (2020) 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 out-
pu’c.11

icy implications. I build on this framework by introducing a different production structure

However, Benhabib et al. (2015) focus on a static environment and abstract from pol-

with nominal rigidities. By embedding the static equilibrium of Benhabib et al. (2015) in
the New Keynesian model, I formalize the channel through which monetary policy affects
strategic interactions among firms and thereby the distribution of aggregate outcomes. I
study optimal monetary policy in this framework and I extend this analysis to the case
where both fundamental and non-fundamental shocks are drivers of aggregate fluctua-
tions.

Furthermore, the endogenous signals and the nature of sentiments yield different pol-
icy conclusions from Angeletos and La’O (2019). Considering sentiments that are purely
exogenous, they find that policy cannot improve on the decentralized outcome, as the econ-
omy responds efficiently to fluctuations that arise due to dispersed information.'? 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 in
Angeletos and Pavan (2007) and extends it to the case of endogenous signals and multiple
equilibria. In highlighting the informational efficiency role of monetary policy, this pa-
per shares similarities with Paciello and Wiederholt (2014). The authors consider a model

with costs of acquiring information about fundamental shocks. Policy that pursues price

1 Although sentiment-driven fluctuations take the form of self-fulfilling beliefs about aggregate outcomes,
the sentiment equilibria here are not sunspot randomizations over multiple fundamental equilibria as in
Sargent and Wallace (1985). Instead, multiple equilibria arise from correlated decisions by firms, conditioning
on endogenous signals. In this respect, it is similar to Aumann (1987) and Maskin and Tirole (1987), where
partially correlated signals lead to correlated equilibria.

12In Angeletos and La’O (2013), sentiments are aggregate noise in a signal about a trading partner’s signal.
As such, it affects a firm’s perceptions about their trading partner’s beliefs.



stability incentivizes price setters to pay less attention to mark-up shocks, eliminating the
trade-off 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 precision 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 business 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.

For the results concerning fundamental shocks, a closely related paper is Chahrour and
Gaballo (2020). Under the price signal that they construct, part of the price can be inferred
from an individual agent’s own actions, while the remaining part confounds aggregate
and local conditions. This signal structure allows sentiments to be the result of a feed-
back mechanism from infinitesimally small fundamental shocks. The existence of aggre-
gate fundamental shocks is therefore a prerequisite for the existence of sentiment driven
fluctuations. Both types of shocks cannot co-exist, as the feedback mechanism crowds out
sentiment shocks. Instead, I show that it is possible for fluctuations to be driven by funda-
mentals alone, by sentiments alone, or by both two types of shocks simultaneously. This is
possible under a signal structure which allows aggregate fluctuations to arise from agents
misattributing idiosyncratic shocks to aggregate shocks, and vice versa. These results are
in line with Acharya et al. (2021), which abstracts from optimal monetary policy.

The rest of the paper is organized as follows. Section (2) presents a stylized model to il-
lustrate how information frictions generate non-fundamental aggregate fluctuations whose
volatility is determined endogenously. I highlight some key features that are important for
understanding the main results of this paper. Section (3) introduces the benchmark model.
It embeds the dynamics of the preceding section in a richer, micro-founded business cy-
cle model with Calvo wage rigidity in order to analyze the effect of monetary policy on
equilibrium outcomes.'®> Optimal monetary policy is considered in Section (4). Section (5)
demonstrates that the results are robust to the introduction of fundamental shocks. Section

(6) concludes.

13 Appendix (B.2) shows that these results extend to a model with price rigidity. For reference, the flexible
wage and flexible price case can be found in appendices (A) and (B.1).



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. This interdependence introduces
strategic uncertainty. In the presence of such uncertainty, it is reasonable to assume that
agents monitor signals that are informative of others’ actions.'* This motivates the second
feature: agents make decisions conditional on a signal that is endogenous in the sense that
it captures an endogenous variable (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, which yields fluctuations even in the absence of fundamental shocks. In this equi-
librium, there exists a distribution for sentiments such that for each realization of the sen-
timent shock, actions confirm beliefs.

This section also shows how policy, through its effect on the strategic interactions of
agents, can potentially engender or inhibit such fluctuations. The channel of monetary
policy in this model relies on a key mechanism: the informativeness of endogenous sig-
nals 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 deter-

mine 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(O, 0?2), as well as the expected distance between its action and the

4Coibion et al. (2018) document a strong positive correlation between the degree of strategic complemen-
tarity in price setting of firms and their preference for receiving signals that others receive, or a desire to
know what others know (Hellwig and Veldkamp, 2009).

5Information is endogenous in most situations of interest. For example, prices and macroeconomic indi-
cators convey information about aggregate actions. These signals can also be viewed as correlated signals,
capturing the role of public forecasts, news, or surveys in coordinating actions.



actions of others (y),'!”

man]E[_“(yj —¢j)? — B(y; — v)*|Lj]. (1)
)

Let I; denote the information set of agent j and let y represent the aggregate action across
agents,18

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

The parameters « and p capture the importance that agents place on their action being
close to the fundamental and their desire to coordinate, respectively. If B < 0, agents” ac-
tions are characterized by strategic substitutability and a higher level of activity by others
decreases agent j’s optimal action. Otherwise, if B > 0, we refer to their actions as strategic
complements and agent j’s optimal action increases when there is a higher level of activ-
ity by others. It follows that the best response of agent j is a linear combination of the

fundamental and the aggregate action, given all available information (I))
yj = Blag; + Byl1j]. (3)

Endogenous signal. Suppose agents do not observe ¢; and y. Instead, they condition
their response on a unique information set, denoted by I;. In particular, let [; = s;, a signal

that confounds the idiosyncratic fundamental (¢;) and the aggregate action taken by agents
(y),19,20

sj=Agj+ (1 —=A)y. 4)

The components of the signal have relative weight A € [0, 1], which is known.?!

16 A beauty contest is a class of games featuring weak complementarity and linear best responses taken
under incomplete information. As many economic interactions feature these coordination motives, there
are many applications of beauty contests in macroeconomic models. These include the pricing decision of
monopolistically competitive firms (Woodford, 2003; Hellwig and Veldkamp, 2009) and investment decision
of firms (Angeletos and Pavan, 2007).

7The term fundamental refers to the fact that the realization of ¢ j is payoff-relevant to agent j.

18The information set may include priors, private signal, or a public signal.

9When information is complete, yj = agj + Py. Aggregating across agents and assuming f # 1, the unique
equilibrium is y = 0. If 8 = 1, multiple equilibria exist and any y is a solution.

20Geveral papers motivate the choice of a single signal for decision making. In Van Nieuwerburgh and
Veldkamp (2010) and Mondria (2010), the optimal choice of agents with limited information processing ca-
pacity is to learn about multiple assets using one linear combination of asset payoffs as a private signal.

21See section (F) for a microfoundation of the signal that endogenizes A. While an atomistic agent cannot
choose A optimally, it chooses how it weights the signal (5). A key externality in this model is that the signal’s



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 case, the signal has strategic value in the sense that it is informative of

or (ii) as a correlated signal, where the common component corresponds to the aggre-
what other firms know.
Sentiment Equilibrium. To consider an equilibrium in which y may be stochastic, conjec-

ture y ~ N(O, o, ) In this case, the signal that agents receive is noisy and they use Bayesian

weighting to dlsentangle its Components The optimal weight for the signal (i) reflects the

volatilities of its components, ¢? and o, 2 23
aAoZ 4+ B(1 = Aoy
; . 5
I a2 (1-A)2 o7 e+ (V Ayl ®)
N ~ S]'
K

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
aAc? + B(1—A)o?
y = / Yidi = J2r i _A)zgzy (1=Ay. (©)
Y

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 endogenous signal (4), an individual best response
(5), and an aggregate action (2). The best response maximizes expected utility (1) given all

available information. This information includes the endogenous signal and (Tf, which pa-

precision is influenced by how other agents choose to weight their signal.

220nce a rational expectations equilibrium condition is imposed, the signal will also shape agents’ equilib-
rium beliefs about the actions of others and hence the endogenous aggregate outcome.

ZConsistent 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 lead agents to take actions that confirm such fluctuations.

24 A strategy refers to a mapping from an information set to an action.



rameterizes 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 (75, which is shaped by parameters
that govern the relative weight agents place on their objectives («, B),

A “_L
2 1-A 2
ay_l_A<1_ﬁ>ag. ?)

This implies that an agent’s best response takes into account others’ best response. For

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

To summarize, strategic uncertainty and endogenous signals can lead to a non-fundamental,
or sentiment equilibrium equilibrium in which y is stochastic, but its distribution is endoge-
nously determined. This feature illustrates the endogenous nature of sentiments in this
model. Although y is an endogenous variable corresponding to the aggregate action across
agents, its realization is indeterminate since any y ~ N (0, (75) satisfies the equilibrium con-
ditions. As the conjecture and its confirmation show, y is stochastic, even in the absence
of any aggregate shocks. Instead, the distribution from which y is drawn is determined
by structural parameters. Note that this framework still retains a fundamental equilibrium,
since equation (6) is also satisfied for y = 0.2

The non-fundamental equilibrium is not knife-edge, since it exists for a range of param-
eterizations of &, B, A and is stable under constant gain learning and other simpler learn-

ing rules.”’

However, the non-fundamental equilibrium is not without any restrictions.
Expression (7) implies that this equilibrium (which exists when (75 > 0) requires the fol-
lowing: agents to 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 as follows: if f < 1, then ayz > 0 if

A € (0, £45), i-e., equilibrium multiplicity exists if the signal is sufficiently correlated with
28
y.

2 Agent j chooses action y; to minimize the square 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.

26To isolate the effects of non-fundamental shocks, abstract from aggregate fundamental shocks for now. If
they were assumed to exist, they would drive fluctuations in this equilibrium (see Section 5).

2’See 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 (2020) use adaptive learning to study
the stability properties of alternate equilibria.

28In the model that follows, the Dixit-Stiglitz specification with strategic substitutability across intermedi-



This simple framework, which nests 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 re-
sults arise from the feature that model parameters pin down the distribution of equilibrium

outcome.

Alternate channel for policy. The degree of complementarity or substitutability in actions
(parameterized by p) affects the distribution of aggregate outcomes. By the rational expec-

tations condition in (7), how agents use their signal affects its precision as an indicator of

8]',

op 1-F

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 (7) implies
that agents internalize how others will respond by adjusting their beliefs about the distri-
bution of aggregate outcomes. In a rational expectations equilibrium, strategies and beliefs
(05) are therefore consistent with model parameters, including the nature of interaction
(B) among players. In other words, agents have expectations that are consistent with the
model framework and the equilibrium strategies of others. Strategic complementarity am-

plifies non-fundamental fluctuations, while strategic substitutability diminishes it.>’-*

Information externality. In this equilibrium, there is a fixed point relationship between

ate goods implies p = (1 —60) < 0, so B < 1 is the relevant case. However, this equilibrium also exists for
B > 1, which typically generates explosive dynamics in a linear system. Nevertheless, in this equilibrium,
a more than proportionate response of y; to y is moderated by the endogenous signal, if the signal is only
weakly related to y. That is, if § > 1, then 05 >0if A € (a"‘ﬁ, 1).

2 Consider an example: if the signal increases, agents attribute some of this to an increase in y since they are
unable to distinguish the two components of their signal. Next, suppose  increases. Agent j’s best response
increases because it internalizes that others will also increase their best response in response to higher y. As
a result, the volatility of aggregate outcomes increases. Conversely, consider a decrease in . This will mute
how much the best response of agent j increases in response to its signal because each agent internalizes that
others may also increase their best response due to higher y. The result is lower aggregate volatility.

30In the absence of a coordination motive (8 = 0), aggregate fluctuations would still exist. In this case, the

equilibrium is pinned down by (75 = ﬁ (oc — ﬁ) 2. 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. See appendix (C.1) 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.
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how agents react to available information and how information is generated. The precision
of s; as a measure of ¢; depends on the actions of agents. As a result, there is an informa-
tion externality in which the use of information by agents affects its aggregation. In other
words, the best response of each agent, conditioning on their signal, affects the aggregate
response. The aggregate response in turn affects the precision of the endogenous signals
that agents receive. Agents internalize the effect of 8 on ¢Z, but not how (75 affects the pre-

cision of their signal.

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 Model

I introduce the following deviations to the standard New Keynesian model to study
the effect of monetary policy in the non-fundamental equilibrium of the preceding section.
Households form beliefs about consumption and set wages consistent with their beliefs,
under Calvo wage rigidity.®! Their beliefs about consumption 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 de-
mand, 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 de-
mand is known. They condition production on an endogenous signal that confounds id-
iosyncratic demand (¢;;) and aggregate demand (y;). Monetary policy follows a simple

Taylor rule that targets wage inflation and output.*?

31 For the flexible wage case, see Section (A).
32 An interest rate rule that targets price inflation when wages are sticky is suboptimal in the New Keyne-
sian model with perfect information. See Section (B.2) for the case where firms set prices under Calvo price
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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 then, firms’ decisions are based on expected demand and households
decisions are based on expected income. This leaves room for beliefs about aggregate de-
mand to influence aggregate output in equiliibrium.

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, with-
out mark-up shocks. Third, the Taylor principle is no longer sufficient to rule out indeter-

minacy 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 7, supplying labor N; ;, chooses wage W; ; to maximize utility,*

> o [ Cirrre” B
Y (Bbw) 1o, + ¥ = Nipyape) | | - (8)
k=0

max [E;
it

Let C;; g and N;; 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

rigidity and the policymaker seeks to stabilize price inflation.

33The baseline model abstracts from any fundamental sources of fluctuations in order to demonstrate the
role that information frictions play in generating aggregate volatility. However, technology shocks will
be introduced in Section (5) to show that these results hold in the case when both fundamental and non-
fundamental shocks drive fluctuations.

34 Alternatively, one can consider a continuum of unions, each of which represents a set of households
specialized in a type of labor, and sets the wage on their behalf.

%See appendix section (C.6.1) for robustness to alternate preferences on labor supply.
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Cit = /o ei,j,tci,j,t dj ’

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(0,02)). The exponent  on €j; is intended to simplify
expressions.

As the Calvo-type wage setting is a constraint on the frequency of wage adjustment,
equation (8) 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 (8) is subject a sequence of labor demand schedules and flow budget con-
straints that are effective while W}, is in place. Labor expenditure minimization by firms

implies the following demand for labor,*

N _ (i _%N 9
bkl = tks 9)

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

Pyt kCipryt + Btk d Qipkt k1 Dipprsafe ) < Dipgeie + Wi Niprpe + g (10)

where D, |, represents the market value of the portfolio of securities held in the begin-
ning of the period by a household that last re-optimized their wage in period ¢, while
Et 1{Qt1kt+k+1Dt k111t } is the corresponding market value in period ¢ + k of the portfolio
of securities purchased in that period, yielding a random payoff D; ;. I1; represents
dividends from ownership of firms.

The first order condition associated with this problem,

= k [ ‘z?,kt Ew
z ;(,ng) E; Ni,t+k|tuc(ci,t+k|t/ Ni,t+k|t) - — MRSz',t+k|t =0,

_ Cl- _ _ Un(CypypgeNi i)
where U(C,N) = = +¥(1—N), Uc = 94, and MRS = —¢f <C,-,::\|I,Ni,:§f>' Log-

36See appendix (C.3) for intermediate steps.
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linearizing this expression, an approximate expression for the optimal wage,

e 0
w;, = log <€w i 1) 1 — ’36 Z ,Bew ]Et MYS; pyk|t + pt+k)

Under the assumption of full consumption risk sharing across households (through a com-
plete set of securities markets, which equalizes the marginal utility of consumption across
households), all households resetting their wage in a given period will choose the same
wage, wj, as they face the same problem. An alternative expression for the optimal nomi-
nal wage chosen by monopolistically competitive households households who can adjust

in time f is given by

w} = BOLEH (W] 1) + (1 — Bbo) (wr — [1 — ewq] ' A1), (11)

where I}’ = ui’ — u® defines the deviations of the economy’s log average wage markup
(uf = wy — pr — mrs;) from its steady state level (u®).

Defining W; as the aggregate nominal wage index,

e[

the evolution of the aggregate wage index is given by

1

W, = [Gthljfw +(1- ew)(wg‘)l—ﬂ e
Log-linearized around a zero wage inflation steady state,

Combining (11) and (12) yields the New Keynesian wage Philips curve, which describes

the resulting dynamics for wage inflation,

w __ w AT
¢ = BEtq — Awfly,

(1—0w) (1—Bbu)

where Ay, = Puliteog)

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

Inter-temporal consumption. Optimizing consumption inter-temporally for a household
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that last reset its wage in t — k,

Ue(Ce1, Npy1ji—x) Py

= BE .
Qi = PE: Ue(Cr Nypr) P
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 . 1,. .
Ct = IEtctJrl — ;(lt —Pp— IEt7Tt+1). (13)

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 competititve intermediate goods producers indexed
by j € [0,1] decide production level Y;; before knowing idiosyncratic demand (e;) or ag-
gregate demand (Z;). 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
may be interpreted as early orders, advance sales, or market research, captures idiosyn-
cratic preference for good j, as well as 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 (14)
Given the household’s labor supply schedule and demand schedule for good j, inter-
mediate goods producers choose Y to maximize nominal profits (IT;; = P;;Yj; — WiN;;)

subject to production function Y;; = ANj,,
Wi

1-3 1
II}iXIEt Pth,t Q(Gj,th)9 — ZY]"t S

|

37Since coordination is important to the firms in this model, it is plausible that they monitor signals that
are informative of the actions and beliefs of others (Hellwig and Veldkamp (2009); Myatt and Wallace (2011)).
See section (F) a microfoundation of the signal, where the signal is informative of demand and prices, and A
itself depends on the stance of monetary policy.
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The firms’ first order condition is

1 by Pos )]
Y, = {(1 -~ 5) AE, (e].’th W'Sf"fﬂ . (15)

Log-linearizing (15) around the steady state,
Uit = Et[&j s + i — 0Dt |54 (16)

By (16), 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 be higher (strategic substitutability through marginal cost). The
tirst effect, derived from households’” optimal consumption across goods, is dominated by
the second, which follows from the wage setting decision of household. Although firms’
actions are strategic substitutes, the next sections will show that the rational expectations
equilibrium may not be unique if firms condition production 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 =0+ Pr7ty’ + Pyir.

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
tirms, 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.

3In 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 policymaker who targets wage inflation. Section B.2 shows that the
baseline model’s results extend to the case of price stickiness and a policymaker who targets price inflation.
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1. Households form expectations for aggregate income, based on their beliefs about ag-
gregate demand, Z;. They form demand schedules for each good, (C]-,t(Zt, e]-,t)) and a
fraction (1 — 6,) of households who can optimize, set wages V;—;t (Z¢) optimally, con-
sistent with their beliefs about aggregate demand and the expected aggregate price
level.* These schedules are contingent on expected prices Pf(Z;) and P?(Z1, €14,

which are determined when goods markets open.*’

2. Firms believe that aggregate demand may be stochastic. However, unable to observe
aggregate demand and idiosyncratic demand, they must infer the two shocks from a
private signal that confounds them (S;; = ].AtZtl_)‘).

3. The central bank commits to setting the nominal interest rate on bonds Q;(Z;).*!

4. Firms decide production Y;(S;;) and hence labor demand Nj,(S;;), based on their
signal. Given nominal wages, labor supply is determined by demand from firms.
At this point, the goods markets have not yet opened, goods prices have not been

realized.

5. The goods market opens and Z;, €jt are observed by all agents. P]-,t adjusts so that
goods market clears (C;; = Yj;, C+ = Y}) and state-contingent contracts are settled:
WTT(Zt) for the (1 — 6,) households who have reset wages. I1;(Z;) and 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,

Y = BETY, — (@] — 7). (17)

The 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.

“0The behavior of households is as though they have full information. By restricting our analysis to the
set of rational expectations equilibria, any belief about aggregate demand drawn from N(0,¢?) can be self-
confirmed in equilibrium.

41The policymaker cannot reveal Z; through communications or policy actions, since its realization is in-
determinate (dependent on firms’ actions) and unknown until the end of the period. Firms and households
take the reaction function of the policymaker as given, and as an input into their optimization problems. The
stance of policy therefore shapes the distribution of outcomes.
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Optimal inter-temporal consumption is given by the Euler equation,
¢t = E¢Criq — %(it —p —Efti41). (18)
Firm production, conditional on signal s;; is
Gt = Bel&j + G — 0|5 4], (19)
where
sip = A&+ (1 —A)Zy. (20)
The central bank follows the policy rule
it = 0+ PR + Py (21)
As there are no savings in this model, market clearing implies
7t = &
The real wage identity can be used to determine equilibrium price inflation,
Wiy = Wp + Ay — g1
Lastly, beliefs about aggregate demand are correct,
£ =1 (22)

Definition 1. A rational expectations equilibrium is a sequence of allocations {C(Z;),Y(Z;),
Ci(Zt,€1),Yi(Zt,€j4), N(Zt), Ni(Zs,€j4), TI(Zt) }, prices { Py = 1, Pj(Zy, €j4), Wy = W(Zy), Qr =
Q(Z:)}, and a distribution of Z;, ¥(Zy), such that for each realization of Z;, (i) equations (11),
(13) maximize household utility given the equilibrium prices Py = P(Z;), Py = Pi(Zy,€jy),
Wiy = W(Z;), and Qi = Q(Z;) (ii) equation (15) maximizes intermediate goods firm’s expected
profits for all j given the equilibrium prices Py = P(Z;), Wy = W(Z;), and the signal (14) (iii) a
credible central bank commits to setting the nominal interest rate in response to wage inflation and
output (21), Qr = Q(Z;) (iv) all markets clear: Cit = let,N(Zt) = f N;;dj, and (v) expecta-
tions are rational: households’ beliefs about Wy, Py and 11}V, 11; are consistent with their belief about

aggregate demand Zy, and Yy = Z;, so that actual aggregate output follows a distribution consistent
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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 (14), 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
equilibrium are well known; if we had assumed exogenous sources of fundamental vari-
ation, such as technology or markups, then these would be the drivers of fluctuations in

aggregate output in this equilibrium.*?

Non-fundamental equilibrium. There also exists an equilibrium where aggregate output,
7, 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 the realized aggregate demand, households” expected aggregate income is equal
to the 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.

Proposition 1. Let A € (0, %) There exists a sentiment-driven rational expectations equilibrium
where aggregate output is stochastic, with variance increasing in ¢ and Ay, and decreasing in ¢y,

o LAt A1-2)) 5
T (T Augi) + gy (1-A)20°F

(23)

A1-21)
(1-1)20

As ¢¥ — 00, 02 — 02, its value under flexible wages (see section A.19).

Proof. Consider an iid non-fundamental shock (2; ~ N(0,0?)) and conjecture policy func-

tions for ¢;, @}, 7;, and 7}’ where the state variables are Z;, @}_;.

42Gection (5) will demonstrate the robustness of these results to the case where fluctuations have both a
fundamental and non-fundamental component. In that extension, the fundamental equilibrium will exhibit
fluctuations driven by technology shocks.

43See section (5).
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The following policy functions verify the conjecture**

Ct = Zy, (24)
1+ A%
14+ Awp¥
Awtp
w Y 5
- 2
7Tt 1 +/\w %Zi’/ ( 6)
Y(1+ Awdiy) "“P}/(l‘l')\w} A Py
= — ) 27
TT¢ 1t /\w(l)% Zt + W4 (27)

The policy function for the real wage (25) indicates that it increases in response to a pos-
itive sentiment shock.*> This occurs through a decrease in price inflation (27) that exceeds
the fall in wage inflation (26).

Firm j’s optimal production decision (19), incorporating the relationship between the

real wage and sentiments (25) is given by

Y1+ Awdyy) + Py
14+ A%

aw

ig=FE: [+ |10 Zilsit | (28)

where a,, = aa—zg. The coordination motive of firms (B in the beauty contest model of section
2),1is given by 1 — 0a,, and will depend on primitives of the model. Through its effects on
the real wage, the stance of monetary policy (¢} relative to ¢,) and the degree of wage
flexibility (Ay) affect strategic interaction among firms. Conditional on its signal (20), firm
j’s best response is

R Ac2 4+ (1—A) (1 —6ay) 02, .
i v B iy B A SO )

Summing across firms, aggregate output is

o AGZ+(1—A) (1 bay)0?
7t 2202 + (1 — A)202

(1— Az

In a rational expectations equilibrium, there is a fixed point relation between expectations

about aggregate demand and actual aggregate behavior (22), which pins down a distribu-

#3Gee section (C.2).
#This assumes a reasonable parameterization of the CRRA parameter (y > 1) and Taylor rule coefficient
for output (¢y > 0).
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tion for aggregate output
o (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. [

Discussion. Proposition 1 states that the stance of monetary policy affects the volatility
of self-fulfilling beliefs about aggregate demand. To understand the effects of monetary
policy, consider the response of the real wage to a sentiment shock. As a common marginal
cost, how the real wage co-varies with sentiment will affect the degree of strategic comple-
mentarity in firm production (B). Note that by (25), the real wage increases in response to

a positive sentiment shock.

To see why the real wage is increasing in beliefs about aggregate demand, consider
how a positive sentiment shock transmits in this model using equilibrium conditions (17-
22). Combining the Euler equation and the Taylor rule, a fall in wage inflation prompts
a fall in interest rates, which stimulates consumption.*® 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 (%—Zt < aa%),

oy dmy’ by
9z; | 9z (7+1+Aw¢gg '

>0

J/

Conversely, consider the process through which a negative sentiment shock transmits
in this model. A fall in demand follows from an increase in interest rates (18), which is

prompted by an increase in wage inflation (21). An increase in wage inflation is consistent

46The real interest rate, r; = iy — E;7¢11, 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;11 = E;pr11 — pi. Expected
price inflation (27) is no longer zero in response to an 7id sentiment shock if the central bank targets wage
inflation, but 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.
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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 (17). 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).

On the supply side, consider how these policy functions shape firms’ beliefs about possi-
ble outcomes. By (22), a rational expectations equilibrium is pinned down by firms’ beliefs
about the distribution of aggregate outcomes. A positive sentiment shock affects a firm’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 sentiment increases (see (28)). In other words, firm production is
characterized by strategic substitutability.

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. Actual ag-
gregate output shapes beliefs, and vice versa: in equilibrium, 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 (75 clears markets. In summary, the stance of mon-
etary policy affects aggregate outcomes through a new channel. Through its influence on
the nature of firm coordination, it affects firm production, and hence aggregate output and

beliefs thereof.

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

introducing wage flexibility increase the volatility of realized output:

80'22 . /\w(Py )\(1 —2/\) 2
398~ (Lt M) T gy (1— A28 ¥
oz PR Py A1 —=2A) ,

> 0.

e [T+ Aa®) + ¢y (1—1)20

To see why, note that these parameters will determine the degree to which a fall in the
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nominal interest rate substitutes for an increase in the real wage required for 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 re-
sponse 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 (17), 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 A, will determine to degree to which the real wage
increases (decreases) in response to a positive (negative) sentiment shock.***’ In the ter-
minology of Section 2, firms” production decisions are strategic substitutes, but both an
increase in wage flexibility and a stronger response to wage inflation serve to increase the
degree of complementarity in firm production. In equilibrium, this increases the volatility
of aggregate output.

Trade-offs 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 trade-off that that breaks divine coincidence, but

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

Proposition 2. In an equilibrium with non-fundamental fluctuations, the central bank faces a

47See appendix (C.5.1) and (C.5.4) for details. Another way to see this is to replace wj in (17) with the real
wage identity and rearranging terms to obtain

A
T = ~1 +“/’\w (70 4 ¢ — wi_q).

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.

#8The degree of risk aversion of households () also affects the extent to which the real wage rises in
response to a positive sentiment shock. Through the Euler equation, v affects the degree to which a fall in the
interest rate substitutes for an increase in the real wage. See Appendix (C.5.1)-(C.5.4) for a discussion how
these parameters affect non-fundamental volatility.

“In a model with sticky wages and a central bank that targets wage inflation, the mechanism through
which a sentiment shock is realized is inter-temporal. However, in a model with flexible wages (see section
A), a positive sentiment shock is self-fulfilling solely through a contemporaneous increase in the real wage
(which implies that the price level falls, given a nominal wage).
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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. Assuming v + ¢, > 1,

oz Awopy A1 —2A) ,

0%~ Ty (1 + ) + g2 (1 — )20 ~ 0.

Conwversely, the more the policymaker stabilizes output, the more it introduces volatility to wage
inflation,

902, A2pylpy +27(1+Aup?)] 1 A(1-2A) ,

30y (L4 A+ @2 T+ Aeg? (1—A)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, 02, = <%) (75. Con-

sequently, we can express 02 and 02, solely in terms of model parameters,

Y
o l4AgE  M1-2))
Yoy(T 4 AwdR) +dy (1—A)20 7
> (Awdy)? A1 —=2A) ,
Orw =

(11 2d@) [7 (1 + Awt®) + 6] (1—A)20¢

Proposition 3. There is indeterminacy even when Taylor principle is satisfied. However, by (23),
the policymaker can mitigate non-fundamental fluctuations with an interest rate rule that places
sufficiently low weight on wage inflation.

As we have seen, a strong response of the nominal interest rate to wage inflation in-
troduces non-fundamental volatility to aggregate output. Figure 1 shows the region of
indeterminacy 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

n Figure 1, the indeterminacy region is generated from a model with f = 0.99 (which implies a steady
state real return on bonds of about 4 percent), v = 1 (log utility), and 6,, = 0.66 (an average wage duration
of 1.5 years). The idiosyncratic component of the signal has weight A = 0.2.

lUnder complete information, the condition for indeterminacy is given by

1-p

w
1 — - P
P > (1 —=v)Kp + viy

%

where v = )\pi’ip)\w See Blasselle and Poissonnier (2016).
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arises from expectations of aggregate demand.’>>* Instead, such a rule would introduce a
multiplicity of rational expectations equilibrium paths for real variables, including equilib-
ria in which fluctuations are unrelated to any variation in fundamentals. This is because
a rule that satisfies 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 a rational expectations equilibrium, an
individual firm’s production decision internalizes how the nature of strategic interaction
affects other firms’ production, and therefore the distribution of aggregate outcomes (O’yz).
Real indeterminacy is possible in this model because firms make production decisions be-
fore 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 sec-
tion, which showed that a positive sentiment shock is self-fulfilling through a fall in the
nominal interest rate, which affects how the equilibrium real wage increases. For reason-
able calibrations (y + ¢ > 1), the real wage increases through a decrease in wage inflation
that exceeds the decrease in price inflation. However, by not responding strongly to wage
inflation, the policymaker 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, precluding 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-

52In the complete information case, the Taylor principle rules out nominal indeterminacy since the response
of the nominal interest rate to price inflation is sufficiently large to guarantee that the real rate eventually rises
as inflation increases. Such a response is stabilizing since it reduces demand and counteracts the increase in
inflation. However, under the information frictions assumed in this model, and in the case of price rigidity,
B.95 shows the Taylor principle is also not sufficient to rule out indeterminacy. In a model with strategic
uncertainty, firms’ decisions internalize how others firms will behave contemporaneously, which leads to po-
tentially indeterminate aggregate outcomes. Instead, a policymaker eliminates non-fundamental fluctuations
with an interest rate rule that places sufficiently low weight on price inflation.

SForward-looking rules can easily induce equilibrium indeterminacy in the complete information case.
Bernanke and Woodford (1997) show that rules which link policy actions to private sector forecasts make
the current equilibrium particularly sensitive to expectations about the future. For a rule that responds to
expected inflation and expected output, Clarida et al. (1999) show that indeterminacy can arise when the
policymaker reacts too strongly or too weakly to deviations of inflation and output from target. However,
the magnitude of the policy response required to generate indeterminacy is well above those characterizing
empirical interest rate rules. Nevertheless, this provides support for a gradual approach to meeting the
inflation target.
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Figure 1: Indeterminacy region with information frictions
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Darker colors represent regions with larger non-fundamental volatility

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
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 in response
to an endogenous signal that confounds aggregate and idiosyncratic demand. In other
words, the social planner takes the decentralization of information as given in the compet-
itive equilibrium, and directs firm production contingent on its signal. In the aggregate,
how firms use their signal will affect the volatility of aggregate output, and hence expected
household welfare. In characterizing the efficient use of information and its relation to the
socially optimal degree of coordination, this exercise will extend the analysis of Angeletos
and Pavan (2007) to an endogenous information structure and the case of multiple equilib-
ria.

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
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Figure 2: Indeterminacy and determinacy regions under complete information
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signal, an externality that firms and policymakers do not internalize.”* While this bench-
mark abstracts from policy instruments to identify the best allocation that satisfies feasibil-
ity constraints, 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(¢g, 02), a planner chooses the mean

and variance of output to maximize expected household utility.”

1—y 1+¢
max [E; Ci — N
po(B)o2B)  \1—7 1+¢

%4In the decentralized equilibrium, the precision of a firm’s signal with respect to idiosyncratic demand is
dependent on the production decisions of other firms.

SRestricting 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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subject to the following constraints,

Yje = FS}), (31)
Sit = eﬁtZtl_)‘, (32)
Lyt )
Y, = < /0 ey, d]) , (33)
‘Y]',t — AN]‘,[-, (34)
1
N; = A Nj,t dj, (35)
Y. = Cis, (36)
Y, = C. (37)

By (31) and (32), the planner directs each firm’s production decision to depend solely on
its own information set. Aggregate output and labor are given by (33) and (35), while
production and market clearing are given by (34), (36), and (37), 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,

Y = 74,

which requires B = 1. Otherwise, the planner can direct firms to not weight their signal
at all (B = 0), in which case 02 = (75 =0.

Although ¢? is an endogenous variable in the decentralized equilibrium, this is no
longer the case in the social planner’s problem. The only restriction is that aggregate de-
mand captured by the signal is equal to aggregate output. Otherwise, this exercise removes
private motives for alignment among firms in order to isolate the social value of coordina-

tion.

Proposition 4. In an equilibrium with endogenous signals and B # 0, the optimal mean and

variance for output is given by

. 11+ (6—=1)AB]* ,
=201y

o2* :max{O,—(1+¢)2E(1_7)2 {m(ifz) +(1+¢)Ink, — (1—7)1n;<1”,
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where

h’lKl = (PE;,

1
Inky = E()us)zag.

See section (C.7). 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
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
tirms’ 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,

(1WAt e[l 01 A0
Po = 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

In 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 ¢2. 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 6§ € (1,00), x; exceeds k,, and approaches it when 6§ — oo (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.

58Under perfect information, steady state output (¢p = In Kl — %) %} + 55 0 6171) 062) 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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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,
ﬁa& [% + %ﬁ] 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 variety of output 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.

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 efficient versus equilibrium responses
to the signal allows us to isolate the inefficiency that originates in the way firms process
available information. In the decentralized equilibrium with information frictions, firms

respond to their signal with the following weight (29),

_ A0Z+ (1= 0ay)(1—A)o?
A2+ (1= A)202+02

The decentralized equilibrium features an interaction between the use of information
and the aggregation of information that is inefficient. As long as there are fluctuations 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, ¢
affects the precision of the signal with respect to idiosyncratic demand. As a result of
correlated signals, correlated actions by firms leads to aggregate fluctuations in output.
In the aggregate, the actions of firms conditioning on an endogenous signal affects 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 in-
efficiency. Assuming a subsidy to compensate for the effects of monopolistic competition
on the steady state, targeting inflation strongly replicates the flexible wage allocation, al-
lowing relative wages to adjust to shocks so that relative wage distortions do not affect the
optimal allocation of goods. However, the policy stance that achieves allocative efficiency

The perfect information case (A.17) is approximated by letting the idiosyncratic demand component of
the signal equal its upper bound (A = }). In the sentiment equilibrium, A is bounded by (0, %), where
Bo = 1 in the model (28).
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in the complete information New Keynesian model creates an informational inefficiency
when incomplete information is introduced.

For reasonable parameterizations of y, ¢, and 0, the allocation in the decentralized equi-
librium is inefficient: there a mapping from signals to actions that improves upon the de-

centralized equilibrium, which features no sentiment-driven fluctuations.

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 in-
formation can improve upon the competitive equilibrium. The lower welfare in the latter
reflects an inefficiency in the use of information, coupled with an inefficiency in the aggre-
gation 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 (¢¥, ¢,). 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 (23), 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 and wage
flexibility cap the degree to which the real wage (and therefore marginal cost) increases
in equilibrium. As a result, firm production is characterized by more strategic comple-

mentarity. In a rational expectations equilibrium, firms internalize the best responses of
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other firms. When complementarities in firm production increase, volatility in aggregate
output can increase, and firms’ beliefs about aggregate outcomes account for this possibil-
ity. 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, firms’ 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
shocks are known allows for non-fundamental sources of fluctuations, altering the positive

and normative implications of monetary policy.

5 Productivity shock

The previous section 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 (Ay).

Recall that the results of the previous section were derived from two key conditions,
which are maintained in this extension: (1) strategic uncertainty among firms about aggre-
gate demand Y; and (2) endogenous signals S;; that capture aggregate demand.® There-
fore, whether aggregate demand is comprised of non-fundamental or fundamental com-
ponents does not affect the conclusions. Not only do non-fundamental fluctuations intro-
duce 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 out-

0The results regarding fundamental shocks differ from Chahrour and Gaballo (2020), but are in line with
Acharya et al. (2021). The discrepancy arises from differences in signal structures, which yields divergent
results about the nature of sentiment shocks and its relation to fundamental shocks. The signal structure
in Acharya et al. (2021) and here allows equilibria with sentiment to arise from correlated signals. As a re-
sult, sentiment shocks and fundamental shocks co-exist. Sentiments alter the response of macroeconomic
aggregates to fundamental shocks because they impair firms’ ability to infer fundamentals from endogenous
signals. The signal in Chahrour and Gaballo (2020) allows sentiments to be the result of a feedback mecha-
nism from infinitesimally small fundamental shocks. This crowds out the sentiment shock in an equilibrium
where both exist.
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put. 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-
prised of both a fundamental shock (A;) and a non-fundamental shock (;),

Zy = f(Cf/Af)'
Let a; = log A ~ N(a,02) be an AR(1) process,
Ar= Al jeay.

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

W, 1
?: = ‘?zj . (38)

Household demand for good j is given by

0
Py
Y],t = (E) €],th. (39)

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

Yj,f - Ath,t- (40)

Firm j’s first order condition, incorporating (38), (39), and (40)

6—11 1 _1_ 0
Y = (]E {quﬁfzf 7At]sj,tD : (41)

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

idiosyncratic demand,

_ A 71-A
S]’t — €]’tzt .
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Aggregate output is given by

e g ]
Y, = Uo Y, e].,td]} . (42)

Finally, in equilibrium, households beliefs about aggregate demand are self-fulfilling
Zi =Y.

5.1 Flexible wages

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

0—-11 1 14 \’

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

component.
Y, = % AP g,

where ¢! (the steady state of log Y}), ¢, (Which parameterizes the transmission of the tech-
nology shock to aggregate ouput), and Ug (the volatility of the non-fundamental shock) are
parameters to be identified. Substituting firm j’s optimal production into (42), fluctuations
in aggregate output depend only on exogenous changes in technology when information

is complete,

1

Ll
0—-11 Jet\”
Yt:<T§At [/ej,td]] ) .

Proposition 5. 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*—l] El +g+;0-2
o =18\ "g ¥ 200-1)7¢)"

1
0'5 = ?0'3
The relationship between output and aggregate technology is Py, = % and output is not driven by

any non-fundamental sources ( U’g =0).
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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-

founds aggregate and idiosyncratic demand, S;; = eﬁtZtl*)‘,

1 1 1p o
Yj,t = |:(]_ — 5) IEt (6]?,th9 WtAt|S]’t):| .

As before, conjecture aggregate demand to be driven by both technology and a non-
fundamental component, where 4)64, Pya, and (Tg are to be identified,

Y = e AP,

Proposition 6. Let A € (0, %) When firms condition output on an endogenous signal, Yy features

fluctuations from both fundamental and non-fundamental sources, A; and ;. Aggregate output,

yi = log Y ~ N(¢', Uy2), is stochastic, with mean ¢§' and variance (75

lo 6;11 +g+%+#0—2 1+EL ?
A 2 T20—1%\86 " 8 1-A

1
2 2 2
%y =00+ 2%

1
Po ==

The volatility of non-fundamental fluctuations is

1
2 _ L2
Ug = %UZ
where 572 = % (1 — %) 02. Aggregate technology affects aggregate output by
.
ya v
See Appendix (D).

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.

35



5.2 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({, As).

Proposition 7. Let A € (0, %) When firms condition output on an endogenous signal, there exists
a rational expectations equilibrium where agqregate output Y; features fluctuations from both fun-
damental and non-fundamental sources, A; and (;. Agqregate output, y; = logYy ~ N (4)64,05),
is stochastic, with variance increasing in ¢% and A,

14 ¢UA )2

2 2 T/tw 2
g;, = 0; —|— .
vy (v(1+4>%) +¢y) °

The volatility of non-fundamental fluctuations is

2 — 1+¢ndw 1
C 7 (14 ¢%Aw) + ¢y 0

~2
z7

where 72 = ﬁ (1 — %) o?2. Aggregate technology affects aggregate output by
o= —LuPr—p)+A=pp)1=p)
T (=) + ¢yl (1= B) + 1Aa(9k — p)
See Appendix (E).°!

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-

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

g = Y(A+¢P ) +y
O R
902 1 da
y 2 -3 <2 2 w
—~ = — (20 - — >0, 43
sof =~ (2o + goi?) S @)
a2 1 )
aAy — (20311;,3 + éazza;,,z) a;w > 0. (44)
w w
since gf;%‘%’ = —ﬁ% < 0. Wage flexibility will also increase non-fundamental volatil-
ity, since gf\i:’] = —% < 0.

61 As p% — oo, 05 approaches its value under flexible wages,

1 1
lim 02 = —§2 + —02.
gusoo Vg0 E 4200
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Stabilizing output increases the volatility of wage inflation,

aagw_( Aty )2{ 1 &2<i_iaaw)+2d‘f (l_iaa_wﬂ
oy, 1+ A% ) [0aw “ \ ¢y  aw oy az, \¢y awopy )|’

Note that

34’

1 10 1 1
I s AN S > 0.

¢y awdpy Py V(14 PTRAw) + Py

As in the baseline model, the presence of non-fundamental shocks creates a tradeoff
between stabilizing output and inflation. Equation (E.151) can be used to derive a relation-
ship between the volatility of inflation and the volatility of output,

Aoty \?
2 wyy 2
0'7-[10 = (—1 —|—Aw§b§.‘[’) Uy.

Expressing (75 and (772110 in terms of model parameters,

1 1
2_ 1 5 2
VT B +aw @

2
2 wPy I >, 1,
e = <1+Aw¢;‘g) <9aw Z+a§,%>'

The following proposition summarizes these findings.

Proposition 8. 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 (43), a ¢w > 0. Conwversely, the more the central bank responds to output, output

a w
volatility decreases at the expense of more volatile wage inflation, 39y > 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.
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6 Conclusion

In this paper, I propose a new channel of transmission for monetary policy. I incorporate
strategic uncertainty and endogenous signals in a New Keynesian model and show that
the stance of monetary policy affects how firms strategically interact, with implications for
the distribution of aggregate outcomes. The complete information assumption is not triv-
ial. When production decisions are based on expectated demand while labour supply and
consumption plans are made before production is realized, aggregate fluctuations can have
a non-fundamental component. The volatility of non-fundamental shocks will depend on
the policy stance. As a result, several established findings of the New Keynesian model
no longer hold. Both wage flexibility and targeting wage inflation increase the degree of
non-fundamental volatility in aggregate output. However, since non-fundamental shocks
introduce a trade-off between stabilizing output and inflation, stabilizing output also leads
to higher inflation volatility. In addition, the Taylor principle does not rule out indetermi-
nacy that arises from expectations of aggregate demand. These results are robust to the
introduction of fundamental shocks.

Moreover, the source of fluctuations matters for monetary policy. Conceptually demand
shocks, the non-fundamental shocks considered in this paper lead to co-movements in ag-
gregate variables resembling a productivity shock, and a trade-off in stabilizing output and
inflation like a cost-push shock. Contrary to the standard framework whereby monetary
policy responds to mitigate the effects of shocks, policy itself can be a source of extrinsic
variation.

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. This implies
that optimal monetary policy should consider informational efficiency and how it inter-
acts 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.

38



References

Acharya, S., Benhabib, J., and Huo, Z. (2021). The Anatomy of Sentiment-Driven Fluctua-
tions. Journal of Economic Theory, 195(C).

Adam, K. (2007). Optimal Monetary Policy with Imperfect Common Knowledge. Journal
of Monetary Economics, 54(2):267-301.

Amador, M. and Weill, P.-O. (2010). Learning from prices: Public communication and
welfare. Journal of Political Economy, 118(5):866-907.

Amador, M. and Weill, P-O. (2012). Learning from private and public observations of
others actions. Journal of Economic Theory, 147(3):910-940.

Angeletos, G. and La’O, J. (2013). Sentiments. Econometrica, 81(2):739-779.

Angeletos, G.-M., Iovino, L., and La’O, J. (2020). Learning over the business cycle: Policy
implications. Journal of Economic Theory, 190(C):50022053120301083.

Angeletos, G.-M. and La’O, J. (2010). Noisy Business Cycles. NBER Macroeconomics Annual,
24(1):319-378.

Angeletos, G.-M. and La’O, J. (2019). Optimal Monetary Policy with Informational Fric-
tions. Journal of Political Economy, pages 704-758.

Angeletos, G. M. and Lian, C. (2016). Incomplete Information in Macroeconomics: Accom-
modating Frictions in Coordination. Handbook of Macroeconomics, 2:1065-1240.

Angeletos, G.-M. and Pavan, A. (2007). Efficient Use of Information and Social Value of
Information. Econometrica, 75(4):1103-1142.

Aumann, R. J. (1987). Correlated Equilibrium as an Expression of Bayesian Rationality.
Econometrica, 55(1):1.

Azariadis, C. (1981). Self-fulfilling prophecies. Journal of Economic Theory, 25(3):380-396.

Benhabib, J. and Farmer, R. E. (1994). Indeterminacy and Increasing Returns. Journal of
Economic Theory, 63(1):19-41.

Benhabib, J., Wang, P., and Wen, Y. (2015). Sentiments and Aggregate Demand Fluctua-
tions. Econometrica, 83(2):549-585.

39



Bernanke, B. S. and Woodford, M. (1997). Inflation Forecasts and Monetary Policy. Journal
of Money, Credit and Banking, 29(4):653—-684.

Bhattarai, S., Eggertsson, G. B., and Schoenle, R. (2018). Is increased price flexibility stabi-
lizing? Redux. Journal of Monetary Economics.

Blasselle, A. and Poissonnier, A. (2016). The Taylor Principle is Valid Under Wage Sticki-
ness. BE ]|. Macroeconomics, 16(2):581-596.

Boneva, L., Cloyne, J., Weale, M., and Wieladek, T. (2020). Firms’ Price, Cost and Activity
Expectations: Evidence from Micro Data. Economic Journal, 130(627):555-586.

Bullard, J. and Mitra, K. (2002). Learning about Monetary Policy Rules. Journal of Monetary
Economics, 49(6):1105-1129.

Candia, B., Coibion, O., and Gorodnichenko, Y. (2020). Communication and the beliefs of
economic agents. NBER Working Papers 27800, National Bureau of Economic Research,

Inc.

Cass, D. and Shell, K. (1983). Do Sunspots Matter? Journal of Political Economy, 91(2):193—
227.

Chahrour, R. and Gaballo, G. (2020). Learning from House Prices: Amplification and Busi-
ness Fluctuations. The Review of Economic Studies, 88(4):1720-1759.

Clarida, R., Gali, J., and Gertler, M. (1999). The Science of Monetary Policy: A New Keyne-
sian Perspective. Journal of Economic Literature, 37(4):1661-1707.

Clarida, R., Gali, J., and Gertler, M. (2000). Monetary Policy Rules and Macroeconomic
Stability: Evidence and Some Theory. Quarterly Journal of Economics, 115(1):147-180.

Coibion, O., Gorodnichenko, Y., and Kumar, S. (2018). How do firms form their expecta-
tions? new survey evidence. American Economic Review, 108(9):2671-2713.

Cooper, R. and John, A. (1988). Coordinating Coordination Failures in Keynesian Models.
The Quarterly Journal of Economics, 103(3):441.

Davig, T. and Leeper, E. (2007). Generalizing the Taylor Principle. American Economic
Review, pages 607-635.

De Long, J. B. and Summers, L. H. (1986). Is Increased Price Flexibility Stabilizing? The
American Economic Review, 76(5):1031-044.

40



Erceg, C. J., Henderson, D. W,, and Levin, A. T. (2000). Optimal Monetary Policy with
Staggered Wage and Price Contracts. Journal of Monetary Economics, 46:281-313.

Farmer, R. E. and Guo, ].-T. (1994). Real Business Cycles and the Animal Spirits Hypothesis.
Journal of Economic Theory, 63(1):42-72.

Grossman, S. J. and Stiglitz, J. E. (1980). On the impossibility of informationally efficient
markets. The American Economic Review, 70(3):393-408.

Hajdini, I., Knotek, E. S., Leer, J., Pedemonte, M., Rich, R. W,, and Schoenle, R. (2022). Low
Passthrough from Inflation Expectations to Income Growth Expectations: Why People
Dislike Inflation. Working Papers 22-21, Federal Reserve Bank of Cleveland.

Hellwig, C. and Veldkamp, L. (2009). Knowing What Others Know: Coordination Motives
in Information Acquisition. Review of Economic Studies, 76(1):223-251.

Lorenzoni, G. (2009). A Theory of Demand Shocks. American Economic Review, 99(5):2050—
2084.

Mackowiak, B. and Wiederholt, M. (2009). Optimal Sticky Prices under Rational Inatten-
tion. American Economic Review, 99(3):769-803.

Mankiw, N. G. and Reis, R. (2002). Sticky Information versus Sticky Prices: A Pro-
posal to Replace the New Keynesian Phillips Curve. The Quarterly Journal of Economics,
117(4):1295-1328.

Mankiw, N. G. and Reis, R. (2007). Sticky Information in General Equilibrium. Journal of
the European Economic Association, 5(2-3):603-613.

Maskin, E. and Tirole, J. (1987). Correlated Equilibria and Sunspots. Journal of Economic
Theory, 43(2):364-373.

Melosi, L. (2016). Signalling Effects of Monetary Policy. Review of Economic Studies, 52(2-4).

Mondria, J. (2010). Portfolio choice, attention allocation, and price comovement. Journal of
Economic Theory, 145(5):1837-1864.

Myatt, D. P. and Wallace, C. (2011). Endogenous Information Acquisition in Coordination
Games. The Review of Economic Studies, 79(1):340-374.

Okuda, T., Tsuruga, T., and Zanetti, F. (2021). Imperfect Information, Heterogeneous De-
mand Shocks, and Inflation Dynamics. Economics Series Working Papers 934, University

of Oxford, Department of Economics.

41



Paciello, L. and Wiederholt, M. (2014). Exogenous Information, Endogenous Information,
and Optimal Monetary Policy. Review of Economic Studies, 81(1):356-388.

Sargent, T. and Wallace, N. (1985). Identification and estimation of a model of hyperin-
flation with a continuum of Sunspotéquilibrium. Working Papers 280, Federal Reserve

Bank of Minneapolis.

Sims, C. A. (2003). Implications of rational inattention. Journal of Monetary Economics,
50(3):665-690.

Tang, J. (2013). Uncertainty and the Signaling Channel of Monetary Policy. Working Papers
15-8, Federal Reserve Bank of Boston.

Van Nieuwerburgh, S. and Veldkamp, L. (2010). Information acquisition and under-
diversification. Review of Economic Studies, 77(2):779-805.

Vives, X. (2017). Endogenous Public Information and Welfare in Market Games. The Review
of Economic Studies, 84(2):935-963.

Wen, Y. (1998). Capacity Utilization under Increasing Returns to Scale. Journal of Economic
Theory, 81(1):7-36.

Woodford, M. (2003). Interest and Prices: Foundations of a Theory of Monetary Policy. Prince-

ton, NJ: Princeton University Press.

42



A 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.

A.1 Households

The representative household chooses labor N; to maximize utility
maxlog C; + Y(1-Ny),
t

subject to budget constraint

Wi I,
Ct < —N; + —,
bS p N + B
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

1 W;

where

0

RPN L
C = { /O erC! d]] . (A2)

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,¢?)). The exponent % on € is solely intended to simplify expressions. 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.
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Optimizing its consumption allocation, household’s demand for good j is given by

0
C],t = (E) Ct€]lt. (A3)

The resulting aggregate price level is obtained by substituting (A.3) into (A.2),

L
P = (/0 €j,tPj,t d]) .

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 are be realized. Let Z; represent the household’s beliefs about ag-
gregate income/consumption at the beginning of period ¢t. Households form consumption
plans using (A.3)

P (Zy)

0
Cii(Zy,€it) = | == | Ci(Zi)€js, A4

and decide labor supply, using (A.1) to obtain an implicit function of labor supply as a

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

Wi

11 (Z; )
¥ [Pt(lzt)Nt T Pt((Zt))

Pi(Z) = (A.5)

Note that Ht(Zt) = Pt(Zf)Zt — WtNt.

A.2 Intermediate goods firms

The intermediate goods firms decide production level Y;; without perfect knowledge of
idiosyncratic demand (€;;) or aggregate demand (Y;). Instead, they infer these quantities

from a signal S it that may be interpreted as early orders, advance sales, or market research,
A 71-A
Sip =€y ",
where loge;; ~ N(0,02) and log Z; ~ N(¢o, 02).

Given the nominal wage, intermediate goods producers choose Yj ; to maximize nominal
profits (I1;; = P;;Y;; — W:N; ;) subject to production function (Y;; = ANj;) and demand
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for its good (A.3). Substituting out labor demand of firm j, (N;; = %) and the price of its
good (Pj ;) using (A.3), firm j’s problem is

S Wy
H};X]Et [PtY]-,t (€jYt)e ZYJHSM} ,

The first order condition of intermediate goods firm j is given by,

1 1 . W,
(1 — 5) Yj,telEt [Pt(ej,th)e ‘Sj,t] =

Rearranging terms,

1 1 P, ‘
Yj,f = |:(1 — 5) A]Et |:(€j,th)9Wt|S]',t:|:| , (A6)
Substitute P; with the household’s first order condition, P; = %%, 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,

1\ A L1 0
Yj,t — |i(1 — 5) glEt[é'jg,the |S],t]:| .

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 lat-
ter effect dominates, with the result that firm j’s optimal output decreases with aggregate
output. Although firms” actions are strategic substitutes, the rational expectations equilib-
rium may not be unique if firms condition production on an endogenous signal containing

aggregate and idiosyncratic demand.

A3 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;(Z,€;;)), contingent on shocks to be realized.

45



A4

Z, €], realized.

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

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;;) = M

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

clears (Cj; = Yjt, Ct = Y3),and Py = ‘FLZt

Equilibrium

In equilibrium, aggregate output, intermediate goods supply, and the private signal are

given by

e 7

vie | [l el (A7)
INA 1 14 o

Y, — [(1—5> Sl \S]-,t]] , (A8)

Sip = €Nz (A9)

The first equation indicates that in equilibrium, goods markets clear: Y = Ct, Cj; = Yj;.

In the sentiment driven equilibrium, an additional condition stipulates that beliefs about

aggregate demand are correct in equilibrium,

Zi =Y, (A.10)

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
Py = & A1l
Ty, (A11)
1. -1
Py = (ejlth)elet"Pt, (A.12)
1 d 1thd
Ni= [ Njpdj= [ —=dj Al
t/O],t]/OA]/ (A.13)
1
H,;:Pth—Nt:?—Nt. (A.14)
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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
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;),
Ci(Zt,€1),Yi(Zt,€j4), N(Zt), Ni(Zs,€j4), T1(Zt) }, prices {P(Zt), Pi(Zy,€j4), Wy = 1}, and a
distribution of Zy, F(Zy) such that for each realization of Zy, (i) equations (A.4) and (A.5) maximize
household utility given the equilibrium prices Py = P(Zy), Py = Pi(Z4,€j), and Wy = 1 (ii) equa-
tion (A.8) maximizes intermediate goods firm'’s expected profits for all j given the equilibrium prices
P(Zi), Wi = 1, and the signal (A.9) (iii) all markets clear: Cit =Y N(Z;) = [ 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 Yy = 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.

A.4.1 Fundamental equilibrium

Under perfect information, firms receive signals that reveal their idiosyncratic demand
shocks, and we will show that there is a unique rational expectations equilibrium in which
output, aggregate demand, and the aggregate price level are constant. Using the equilib-
rium conditions in (A.8), (A.7), (A.12), and (A.11), Y3, P, Yj; and P;; in the fundamental

equilibrium are as follows: From (A.8),

0
1
Y = [(1 - 1) éeﬁth" 1] . (A.15)
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Using (A.7), and substituting Y; ; with (A.15),

rrl % 1_% ‘%
Y = /Oej,th,t d]] ’

1
NA[/ 170

[ 1 INA 1 14
=L he (1) e

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

Y} in equilibrium,

1 -1
C*:Y*:(1—%>§{Aewd4 . (A.16)

Using (A.11), 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;, P, and Y ; into (A.12),

P,=—.
T 1A

Let y* = log(Y*). Without loss of generality, let (1 -

expressed as follows

A4.2 Sentiment-driven equilibrium

%) % = 1. Then (A.16) can also be

(A.17)

When firms face information frictions, 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

(Zt). Let Z; and 7 denote Z; and Y; in log deviation from the steady state of this equilibrium,
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respectively.®? 2, ~ N(0,02), where ¢? is a constant to be determined below.

Equation (A.8) gives firm j’s optimal output conditional on its signal. As it is derived
using equations (A.1) and (A.3), it already incorporates market clearing for labor and con-

sumption.

6

1\A_ 1 11
Yj,t = |:(1 — 5) §IE[€]§)’th6 |S],t] . (A18)

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 de-

termined by the parameters of the model. If A € (0, %) and 02 > 0, then there exists a

62See the next section (appendix C.4) for a calculation of the steady state in this equilibrium.
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sentiment driven rational expectations equilibrium with §; = 2; where®

2 2 (1 _ZA)

— Al
oy =05 = a—rm o7 (A.19)
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, ¢ 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 2; in equilibrium if ¢2 is as in (A.19).
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.

: -2
63 Alternatively, U’y =02 = i}\ = 02, where the elasticities of firm j’s production with respect to €j,r and
yrare fp=1land1—B; =0,asin sectlon (2).
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A.4.3 Steady state of the sentiment-driven equilibrium

The firm’s optimal production, incorporating households” optimal labor supply decision

(A.1), and contingent on signal s; ; is

1NA_ 1 0
Yj,t = {(1— 5) qlEt[ ]9 |S]t]}

Letej; =loge;; ~ N(0,02) and z; = (log Z;) — ¢ ~ N(0,02), firm j’s signal is
50 = el Z1

Without loss of generality, normalize (1 — ) 4 to 1. Firm production is then

Fyh e 1)
Y, = (]Et[ej,th |sj,t]> .

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;, s
1 1-6
yir = (1—0)¢o + OlogE; |exp ot T —g Ene

To compute the conditional expectation, note that [E; [exp ( €t +1 7 Zt> s}, t} is the mo-

ment generating function of normal random variable ( €t +1 5 zt> |sj+- Then

1 —0
IE; |FXp ( 8]t—|- 9 Zt) |S] t:|

1 —0 1 1 1-46
= exp |[E; Esj’t+ 5 ——zt|sj s +2Var 9€]t+ 5 ——Zt|sj s

where
1 1—0 cov(éejt—i——lgezt,sjt)
) = ’ 4y A2
Ei (9 it T Z*|S”> var(s;) it (A.20)
1 2 1-0 2
A (1= A
_ gt + (1 Ao (Aejr+ (1= A)zp). (A21)

A202 + (1 — A)202

For now, let )y = Var s + 129705, ). As L, 1202, are Gaussian, Qs does not de-
jt T g ZtSj 6%t
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pend ons; ;.

A0+ 1581 — A)o? 0
0
yir=(1- )¢”+9A23+(1 Mzgqu¢+(L—Mm)+§Q& (A.22)
= @o+0u(Aejp+ (1 —A)zp). (A.23)

where

A2+ 18 (1 - 0)o?

(A.24)
@0 = (1 —0)¢o + 5. (A.25)

Using equilibrium condition (A.7) which equates aggregate demand and aggregate supply,

get an expression for y; in terms of y; ;

1
<1 — 5) IOth = log </ ]etY] tg d]) ’
1 61
(1 - —) ((P() + Zt) log [E; ( Y],te ) ,
1 0—1
= IOg]Et (exp |:§S]‘,t + —6 y],t‘|) .

Replacing y;; with (C.102) and using the properties of a moment generating function for

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

<D\>—\

(1 B 1) (do+20) = log E: (exp {18],5-1- 0—1 (9o + O (Aejs + (1 = A)z) ]) (A.26)
2

1 0 171 6-1
= (1 - 5) $o + [Teﬂ(l - )\)} 2+ 5 {9 + T@w\] o2, (A.27)
0—1 0 —1 0—1 1/1 6-1 2,
(—7;—)(@r+m)—- 0 ¢0+-7;—ﬁ41—vwmfF§<§—%—6—ﬁyA) o7, (A.28)

Matching the coefficients in (C.107) to get two constraints for the parameters to be deter-
mined (¢, 02)

-1 -1 1/1 6-1 2
-1 (p0+§< +_9m) o2 (A.30)
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Next, (722 can be solved for in terms of the structural parameters using (A.29) and (C.103)

A(1—21)
7z = 11— 20" a

Rearranging terms for a more intuitive expression,

A 1_L
2 1-A 2
UZ_—l—)L 0 Oc.

Next, solve for the steady state (¢p), using (C.107),

Lle—1r 1 A 202
Po=Potr 9 g1 12| %

Substituting for ¢ and simplifying,

0 Lle—1r 1 A 202
Po=5 “log¥t g g1 tioal %
As Q) = var (%s]-,t + #zt\s]-,t),
1 1—86 [cov(%ejt + %Zt,sj t)]z
Qs = = ' 2oy
? Var(9€]t+ 0 2) var(s; )
1 1-— 1
:(5) a§+( > y[/\a +—1—A) 71,
1 1 1—6
() e
1 /\ 2

where the third equality uses (C.99) and (C.103). Incorporating (C.110),

Qs:%(l—%) (1+(1—6) (-%))ﬁ

(1—A)(1—20) + (8 —1)A(1—2A) ,
62(1— A)2 Te-

Simplifying,

QS:
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Then by (C.104) and (C.109),

CA=Ae-DA 1,
=90 20-1%
N———

where ¢ denotes the steady state of the fundamental equilibrium (A.17).

B Price Setting Firms

B.1 Flexible Prices

There is a representative household and a continuum of monopolistic 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. The key fric-
tion 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.

B.1.1 Households

The representative household’s problem is®*

o) Cl—’Y
maxEg ) B 1t—+‘f’(1—Nt) ,
=0 -

subject to
0
[ et
C = {/ej,tcj,t d]} ,

/Pj,tcj,tdj + QtBt < Bi—1 + WiN; + 114

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

4For non-linear disutility of labor, see Appendix (C.6.2). Specifying the utility function in this way (y # 1)
will allow sentiments to affect the real wage, by -, the CRRA parameter. This will affect the firms” marginal
cost and their optimal response to sentiments.
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normally distributed (¢;; = logej; ~ N (0,02). ¥ is disutility of labor, while 6 > 1 is
the elasticity of substitution between goods. The exponent % on €;; is solely intended to
simplify calculations. I1; 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
P
o= | =L ) B.32
C]/t (P],t) Ct€],t ( 3)

The resulting aggregate price level is obtained by substituting (B.32) into the aggregate

consumption index,

N
P = </0 €j,tpj,td]) ,
and implies [ P;,C;dj = PiCy.

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

un t Wt
CUn W B.33
Uy P (B.33)
yey = W (B.34)
P

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

wr — pr = ycr +log Y.

Intertemporal consumption is

uct+1 Pt )
= BE,; (= L),
Qt ﬁ t ( uc,t Pt—|—1

In logs,
1,.
cr = Eicrpq — ;[lt —Eimt01 —p)

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-
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gate income/consumption at the beginning of period . Households form consumption
plans using (B.32)

0
B Pi(Zy) '
C],t(Zt, €],t) = (m) Ct(Zt)e],i’l (B.35)

and decide labor supply, using (B.34) to obtain an implicit function of labor supply as a

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

W;

W, I(z) 17"
¥ [Pt(zt)Nt T Ptt(Ztt)

Pt(Zt) =

(B.36)

Note that Ht(Zt) = Pt(Zt)Zt — WtNt.

B.1.2 Intermediate goods firms

Sentiment driven equilibria requires a signal extraction problem with two shocks, to
each of which the optimal response of the firm’s price setting decision is different. The
Dixit-Stiglitz structure of the model implies that the optimal price for intermediate goods
tirm 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,
y P y
_ A vI-A
S]',t — gj/th .

Letej; = 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 [E¢ [letyj,t - Wth,t} ’

Piy

subject to production function

— T X
Yjt = € Nj.
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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

Cit =Yju),
p 0
t
Yj,t = (E) €]‘,th.

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

firms’ problem is

max B | Pl0Pfe; Y; — WiPf PPl il (B.37)

P
The first order condition is given by

(1—6)P; *PEi(e;Yi|S;s) + 0P/ P; P "E:(Wie], 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 lEt[Wte},t_TYt\Sj,t]
= 0—1 ]Et[ej’th|Sj’t]

Replacing W; with the household’s labor supply decision, firm j’s optimal price is

P:

— 1
() s
He\e-1 '

Ele;Y:]S; ]

B.1.3 Timing

Letting Z; denote aggregate demand and €;; represent 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 to be realized.

2. 7y, € realized.
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3. Firms receive a private signal of aggregate demand and idiosyncratic preference for
their good (S = eﬁtZtl_A).

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. Goods market opens. Z;, €;; observed by everyone. Firms meet supply at posted

price Yj;(P;;), so that goods market clears (Cj; = Yj;, C; = Y;),and Wy = ¥Z .

B.1.4 Equilibrium

In equilibrium, the aggregate price index, intermediate goods price, and the private
signal are given by

B
P — {/ ej,tP]%t_gdj] e ’ (B.38)

p 0 E[Wie, "Yilsj,] (B.39)
M0 —1 EiejYilSi]

Sjp = epuZi . (540

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. (B.41)

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

%5Thus, wages are realized at the end of the period.
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given by

0
by

Yj,t = (m) €j,th, (B.42)

0

1 q_1 |81
Y, = [ / ey, Bd]} , (B.A3)
Ny = / dj = / Y€ dj, (B.44)

Wi _yyo B.4

5=, (B.45)
I, = PY; — WiN; = Y; — W,N}. (B.46)

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;),
Cj(Zt,ej,t),Y]-(Zt,ej,t),N(Zt),Nj(Zt,ejlt),H(Zt)}, prices {P; = 1,P]-(Zt,e]~/t),Wt = W(Z)},
and a distribution of Z;, ¥(Z) such that for each realization of Z;, (i) equations (B.35) and (B.36)
maximize household utility given the equilibrium prices Py = 1, P = P]-(Zt,ej,t), and W; =
W (Z;) (ii) equation (B.39) maximizes intermediate goods firm's expected profits for all j given the
equilibrium prices Py = 1,W; = W(Z;), and the signal (B.40) (iii) all markets clear: Ciy =
Y+, N(Z:) = [ Njdj, and (iv) expectations are rational such that the household’s beliefs about
Wi and 11; are consistent with its belief about agqregate demand Z; (according to its optimal labor
supply condition), and Yy = 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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B.1.5 Fundamental equilibrium

Under perfect information, there is a unique rational expectations 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 (B.39), (B.43), (B.42),
and (B.45), Y3, Py, Y and Py in the fundamental equilibrium are as follows.

Under perfect information, the price of good j (B.39) is

0 Wte}’t_TYt
0—1 €]‘,th )

Pj,t —

Replacing W; with (B.45),

0 -
Pj,t — mTPiYﬁe],tT.

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

P, = P €r- (B.47)

Substituting (B.47) into (B.38), the aggregate price index with flexible prices is indetermi-

nate:

1
-0
p = [ / ej,t[ptyyejf]”dj] ,

1
C1_g T
= Ue;,t " e)dl} P,

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

1
Y, = [ / e}/t_r(l_g)d]} e (B.48)

Taking the log of this expression (let y; = (log Y:) — ¢o),

. 1 1-7(1-96)
yt-f—(Po—mlOgIEt |:€j,t ]

As gj; = logej; ~ N(O, 02), 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;), (B.49)

- e

Equating coefficients implies y; = 0 and

1 (4+Te—-1)?% ,

¢8=2w_1) o o7 (B.51)

As expected, output in the fundamental equilibrium when firms choose quantity (A.17),
(v =1, T = 0) is equivalent to its counterpart when firms choose prices.

Finally, an expression for Y;; can be found by using the demand curve (B.42), and sub-
stituting P;; with (B.47)

Replacing Y; with (B.48),

o 1+76 1-1(1-0) ,.| 71
Yip =€, {/ €it d]] .

B.1.6 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 sen-
timent driven equilibrium is a rational expectations equilibrium where aggregate output
is not constant but equal to a sentiment (Z;). Let Z; and 7j; denote Z; and Y; in log devia-
tion from the steady state of this equilibrium, respectively.®® To solve for this equilibrium,
conjecture 2; ~ N(0,02), where ¢Z 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

%6See appendix (C.4) 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 02 such that aggre-

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

Proposition 9. Let A € (0,1). There exists a sentiment-driven rational expectations equilibrium
where aggregate output is stochastic with variance
A T+B,

02 = T S (B.52)

_ op:
where B = %

Proof. Equation (B.39) gives firm j’s optimal price conditional on its signal. As it is derived
using equations (B.45) and (B.42), it already incorporates market clearing for labor and

consumption.

b _ 0 E¢[Weej; "Y4|S;4]
-1 Eilej Yt]Sie]
o EiPej, 721 "S;)]
0—1  EiejZ]S;]

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

supply (B.45). Taking logs,

0 _
pjt = log (Qj ) +log By [Pre}, “Z " [sj] — log Bilej i Zilsi, .

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

pi = log (%T) +logEs[exp(pr + (1 — T)ejr + (v + 1) (zt + o)) 5 4]

— log E[exp(ej; + zt + ¢o)|sj
= log (%‘P) + 7o+ A
+1logElexp(B(1 —A) + + 1)zt + (1 — T)gjls;]
— log E[exp(ej+ + zt)]
= log (90%1‘1’) + 7P+ A+ @ + (11— p2)sjs
= @0 + HSjt

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]-

(B.53)
(B.54)
(B.55)

(B.56)
(B.57)

(B.58)

(B.59)

(B.60)

(B.61)
(B.62)

(B.63)
(B.64)

(B.65)

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 (B.38) and substituting for p;; with (B.59),

(1—0)p: =log IEt[P]%;eej,t],
= log E[exp([1 — 0]pj: +¢+)],
= (1—0)go+ (1 —0)fi(1 — A)z; + log B, [e1-0liA+1)ejs]

[(1—0)pA+112 ,
20—6) ¢

A+ Bzy =@+ (1l —A)zp +
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Equating coefficients on z;,
B=p(1-A). (B.66)
Evaluating (B.62) and (B.64), we have

(y+B)(1—A)e2 —TtA(1 — A)o?

B =
A202 + (1= A)202

(1-2),

which irnplies67

2 A T+Bﬁ 2
zZ 1_A ,)/ Ue'

(B.67)

From equating the constant terms, we have

(1 —0)pA+1]? 5
20—9) ¢

A= g+

Applying (B.66) and (B.60),

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 (B.68)

Expression B.67 implies that sentiment volatility is determined by structural parameters,

67The relationship between the price level and sentiments is indeterminate in the flexible price case.
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such as the degree of complementarity/substitutability in actions across firms (7, 7y), infor-
mation content of the private signal (1), and the volatility of idiosyncratic demand (¢?), all
of which affect the firm’s response to a sentiment shock. Note thatif T = 0,A = 0 or (752 =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 equilibrium,
due to substitutability of firms” outputs. Sentiment volatility is decreasing in 1 — A; as the
private signal becomes more informative about aggregate demand (1 — A increases), we ap-
proach the certainty equilibrium of the previous section. Sentiment volatility is increasing
in ¢Z > 0, which implies that a sentiment driven equilibrium needs sufficient coordina-
tion. 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 9; equals 2; in equilibrium if ¢2 is as in (B.67).
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.

B.2 Monetary Policy with Calvo Price Rigidity

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 reducing the set of equilibria by hindering 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 (and thus price setting
with sticky prices is equivalent to price setting under flexible prices), the Calvo parameter

affects inflation through the proportion of firms who can reset prices.

The following sections will introduce the micro-foundations of the baseline model: the
optimization problems of households and firms, timing to clarify what is known when
decisions are undertaken, and equilibrium conditions. The quantity of output in the fun-
damental equilibrium is derived, followed by the mean level of output in the sentiment
driven equilibrium. In addition, the mechanism behind a self-fulfilling equilibrium with

sentiments will be described.

B.2.1 Households
The representative household’s problem is®®
T—y

> C
max [Eg 2 ﬁt (t— +
t=0 1=

subject to

0

l -3 -1
Ct = |:/ ],t it d]:| ,

/Pj,tcj,tdj + QtB < By—1 + WiN; + Try.

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

C (Pf"t>_9c
., — 7 € ,
it 2 tet

where the resulting aggregate price index

1

b= [/e]tPl ed]] o

%8See Appendix (C.6.1) for the case where households have a non-linear disutility of labor.
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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

Ueit1 Py )
— BE, | =+ Tt )
Q=F t( Ut Py

1.
Ct = IE'tCt—H — ;[Zt — IE.tﬂ,'t+1 — p] .S

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

1 W
Y+ t
Cl = 5 (B.69)
where
0
11 et ]
C, = [ /O erC! d]] . (B.70)

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

%9Specifying 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’s demand for good j is given by

0
by
Ci;= 1| = Ciejy. B.71
it (Pj,t) t€],t ( )

The resulting aggregate price level is obtained by substituting (B.71) into (B.70):

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 demands, to be
realized. Let Z; represent the household’s beliefs about aggregate demand at the beginning

of period t. Households form consumption plans using (B.71)

0
Pi(Zy)

. ) = [ SR\ ~ B.72

Ciu(2ueir) (P',t(Zt,Gj,t)> ClZi)ei (5-72)

j
and decide labor supply, using (A.1) 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)

Pi(Zs) =

(B.73)

Note that Ht(Zt) = P[-(Zf)Zt — Wth.

B.2.2 Firms

The firms” marginal cost is derived from the following minimization problem,
min W;N it
N]-,t !

subject to

T
‘Yj’t S €]/tN]’t.
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The Lagrangian is
L = WtN]"t — th(G}-L:tN]"t — Yj,t)-
Substituting for W; using (B.69), 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 (B.77) around a zero inflation steady state yields

= (1—=6p)(pt — pe—1)-
The firm’s profit-maximizing price is
i — Pr—1 = (1= BOp)Er[yze — Tejels) ] + Er[me[s)e].
Substituting 71; with (B.78),

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 (B.79) to find p]*f’t
p;if = (1 — ﬁ@p)]E[’)’Zt — Tej,tlsj,t] —+ (1 — Gp)IEt[D + ]/l(l — /\)Zt’S]'/t] + 9th—1
— (1= 0,)D+0ppr1 + Ee([(1 = BOy)y + (1= 0,)u(1 — A)]zi — (1— Bo,) e ls;)

Let pi; = D + psj; where

cov([(1 —pbp)y + (1 —0p)u(1 — M)zt — (1 — Op)Te)s1,51)
var(s; )

K= .
Substitute p]’-‘/t into (B.75) and equate coefficients to find the steady state for p]’-‘/t and pj,
. . o . 1
as well as their responses to z;. Taking the log of (B.75) and defining E, as1—g, | <
(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]? ,

D=pi 1+ — e
P 2(1-9)
1—-60,[(1—0)ur+1)% ,
D=p1+ P o
P17y 2(1—9) ¢

Y(1 = A)o? — TAc?
= (1—
H=(1-Fo) A202 +0,(1 — A)%0?2

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?

* 2 o .

p],t = Pr-1 + 6;7 2(1 — 0) Ue¢ + (1 ‘BGP)/\Z(TeZ I Gp(l _ A)zagsj,t/ (B80)
L ia—em1p 7(1 = 1) — TAG?

Py = pr—1+ 9—p 2(1 — 9) o: + (1 — 'Bep)/\zﬁg n 9;,(1 — /\)20_22 (1 - )\)Zt. (B.81)

Substituting for p; in (B.78) with (B.81), we get a form of the NKPC, which results from
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the price setting behavior of firms with imperfect information,

1—0,[(1—0)u)+1]? 1—A)o2 — TAc?
s AL G2 (1 00— o) S gl T (1

T = Zt. (B82)

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

6y 1).

B.2.3 Central bank

The central bank sets the nominal interest rate as a function of price inflation and output
-1 1y ¢
=p H;P + Yy .
In logs,
it = 0+ Pt + Pyys.

B.2.4 Equilibrium

In equilibrium, aggregate price index, intermediate goods price, and the private signal

are given by:

1

1-6 ;|7
P — { / &Pl; d]] , (B.83)
0= Z 0% pEH Qb 1k Yy ke (P — M), (B.84)
k=0
Sip=enzi (B.85)

With iid sentiments, (B.84) simplies to

o 9 IEt[Wte A
It 6—1 ]Et[e],th|Sj/t]

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

gregate demand to be correct in equilibrium,
Z; =Y. (B.86)

After the realization of Z;, and after goods markets clear, market clearing quantities for
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each good, aggregate output, aggregate labor, nominal wage, and aggregate profits are

given by
P 0
Y= =L €,V B.87
. o
Y, = L/ ]t]thd , (B.88)
N, = / N;dj = / i€5dj, (B.89)
_ Y
B 7 (B.90)
Ht Pth Wth = Yt - WtNt. (Bgl)

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.

B.2.5 Effect of an iid shock to sentiments

The Euler equation, Taylor rule imply the following relationship between inflation and

sentiments in partial equilibrium

’Y"“Pyzt

B.92
o (B.92)

T = —

while the New-Keynsian Philips curve (B.82) describes another relation. In a sentiment

driven equilibrium, the o2 that satisfies both relationships is

P

2 —A(1-p0p)(1-0p) ¢n o

Uy =11 N 7, g, e (B.93)
VT a0, 16, n

Proposition 10. 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,

Ay Yty
AT 136,80, ¢
2 pAp Pn 2
UZ - 1— A lr)/+¢y Uel (B94)
T Ap ¢n

where Ay = %:_59”)7. See section (C.5).

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,
0?2 approaches its value under flexible prices (B.52).

By (B.94), a policymaker can suppress non-fundamental fluctuations with a simple in-

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

A1 vty
ST Ao, T

(B.95)

Figure (3) shows the indeterminacy region for a model with 8 = 0.99 (which implies a
steady state real return on bonds of about 4 percent), v = 1 (log utility), and 6, = 0.66 (an
average wage duration of 1.5 years). Finally, assume that the idiosyncratic component of
the signalis A = 0.2.
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Figure 3: Indeterminacy and determinacy regions with information frictions
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In the absence of non-fundamental fluctuations, the condition for indeterminacy is given
by (Bullard and Mitra (2002)),

1—
P >1- _/3%’
K
where k = Ap7.

Figure 4: Indeterminacy and determinacy regions (Bullard and Mitra (2002))
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Proposition 11. In an equilibrium with sentiment driven fluctuations, the central bank faces a
tradeoff in stabilizing output and inflation. Equation (B.92) can be used to derive a relationship
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between the volatility of inflation and the volatility of output,

2= (Tt

Expressing (75 and o2, in terms of model parameters,

A Yty
2 — A T_m% <Pnj‘72
Y 1—A 7+Alp7;>—fy €7
Ay YTP
o (RN A TTTARN e o
T Pr 1—A ’Y+,\lp7;fy €"

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 # w;% ,

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

oy 0
= >
Bcpn
Conversely, the more the central bank responds to output, the more volatile price inflation is in
equilibrium.
a2
= >0.
Py
As in B.92, let %—2 = —%- Assuming ¢ > ﬁﬁ Y9, 50 that we are in an equilib-

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

9 Liai T
acTyZ: Ao o]\ | T+ =70 Apaf+ 0% |
W A=A\ % )| =L v—%%—

802

The same is true for price ﬂex1b111ty, > 0.
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C General Appendix

C.1 Private signal correct up to iid noise

When agents actions are strategic substitutes, a private signal that conveys perfectly
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
model, where a continuum of agents indexed by j € [0,1] take action conditional on a

private signal S

y; = Elag; + By |sj],
—_——

j

sj = wagj+ By +vj.

Note that s; = x; +v;. Agent j’s optimal response depends on an idiosyncratic iid shock
gj ~ N(O, Uszj), as well as on the aggregate response of other agents (y = fol y;dj), where
y ~ N(0, (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

w*07 + proy

T 2T B2z 4o

(wej + Bejy +vj).

+ﬁ2 2
s 042024-[5201 —va

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

(1—A) # B, then

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

aro? + B(1— )
yj:/\2(72-|—(1 )\)202-1— s(Agj+ (1= Ay +vj),
aAoZ 4+ B(1 = Aoy
y= / Yi dj = /\20,2 T(1- /\)20.2_|_0.2(1_/\)y

In this case, any y is an equilibrium if

aAoZ 4+ B(1 = Aoy L1
A2(7€2+(1—/\)2(7§+(75( —A) =1
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The volatility of y is determined by parameters of the model.

»  aA(1—A) =A%, 1 )

T A=) A—A2a-p)"

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’
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.2 Expected future inflation with iid shock to sentiments

Let lower-case variables with a hat symbol represent variables in log-deviation from
steady state. If z; is iid and with mean equal to z, and if we conjecture §; = ¢; = Z;, then V
k>1,

Etli1x =0, (C.96)
E:f; . = 0. (C.97)
Following (C.96), we can show
IEtﬁt+l — OI
Etpii1 = pr.

To find an expression for the real interest rate path as a function of iid shock z;, consider

the Euler equation in period t + k:

R R 1. N
Crok = Ep i Cripi1 — ;[lt—i-k —Ei ki1 — o),
~ 1
= By xCrpky1 — ;[Vt+k -0l

= EikCrikr1 — —Praks
Y
where p = lo g(%) and the real interest rate r; = i; — [E;71;1. Note that under the assump-

tion of zero inflation in steady state, p is both the steady state nominal interest rate and
steady state real interest rate. Taking the expectation at time ¢ of both sides and applying
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the law of iterated expectations,

. . 1.
Eiliir = Elip1 — ;IEter.

Using (C.96), Vk > 1

E;#yyj = 0. (C.98)

Next, find an expression for in terms of real interest rate path. Use the Fisher equation
r¢ = it — 471441 to show that E; 7111 = 0. Combining these two expressions gives inflation
(and hence the price level) as a function of the path of the real interest rate. Again, under
the assumption of zero inflation in the steady state, the Fisher equation is

ry = it — :[Etﬁt+1.
Assuming the central bank follows the Taylor rule given by iy = p + ¢ 7t + ¢y,

re =iy — B¢y,
=0+ ¢n7tt + Py — By 7ty 14,

L1 . .
ftr = — [Pt — Pyt + Bitpia].
¢

Iterating forwards and using (C.97),

:b

00 00 (Py k+1
Z Eifyyx— ) (-) EtJt+k.
k=0 =0 \Pr

‘S-
N’T‘p—\

Att—+1, we have

00 1 00 y k+1
fityr = ), g Berafrksn — ) (4’_) Et1ft+k41-
k=0 P k=0 \P7

Taking the expectation at time  of both sides and applying the law of iterated expectations,

00 1 00 ‘Py k+1
E;7ti 1 = Z — T Etf ekt — Z (—) Etft-ti+1-
k=0 ‘Pn k=0 4’Tf
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Using (C.98) and (C.97),
]Etﬁt+1 - O

C.3 Labor demand

Firm j produces output Y ; according to the production function

Yj,l’ = ANj,tr

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

1 1— 1 e;zgl
., — €w 1
N = {/0 Ni,j,t dz} ,

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\
Niji = (Wt) Nijt.

W; is the aggregate nominal wage index, defined as

L ek
W = { / W, tewdl} .
O 7

Aggregating across firms, the demand for type i labor is

1 W: —€w 1 W —€w
Niy= [ Nipdj= (2 / N, dj= (2it) N,
1,t /0 1t ] ( Wt ) 0 It ] Wt t

C.4 Sentiment-driven equilibrium steady state

As shown in Benhabib et al. (2015): First, express y;; as a function of the shocks (¢; 1, zt).

The firm’s optimal production, incorporating households” optimal labor supply decision
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(A.1), and contingent on signal s ; is

INA 11y 6
Y], |i(1—§) ?Et[eﬁtyte |S],t]:| .

Letej, =loge;; ~ N(0,02) and z; = (log Zt) — ¢po ~ N(0,02), firm j’s signal is

S

A 71=A
it = EthZt .

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

Y

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 1-6
Yit = (1 —0)¢o + 0logE; |exp gEi + —g EnE

To compute the conditional expectation, note that [E; [exp ( Eit +1 -7 zt> \s] t} is the mo-

ment generating function of normal random variable < €t + 1 7 zt> |sj+- Then

1 1-96 1 1-96 1 1 1-40
E; |exp ésj,t—i— —g |sj| = exp |E; 98]t+ g ——zt|sj s +2Var 9€Jt+ g ——zt|sj s

where

1 1—96 COV(%«S]',} + —156215, S t)
Ei | —eip+ ——2z¢si: | = : —Sit, C.99
! (98” 0 Zt’S] t) VaI‘(Sj,t) it ( )

IAc? + 1581 — A)o?

= 2T (- Aoz et L= A)z). (C.100)

For now, let () = Var (%8]',1‘ + %zﬂsjlt). As %sj,t,%zt are Gaussian, (); does not de-
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pend ons; ;.

gAeZ + 18 (1 = 1)o? 0
0
Yip = (1= 0)o+ 6" I (1A ZZZ (Aeje + (1= A)ze) + 50, (C.101)
= @o + 0u(Aej; + (1 —A)ze), (C.102)

where

_ gr + (1= A)e?
S R RV

@0 = (1—0)¢o + ng- (C.104)

(C.103)

Using equilibrium condition (A.7) 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 1 o1
(1——) ((P0—|—Zt) loglEt( ]tY]tG )l
1 0—1
= IOg IEt (exp |:§Sj,t —+ Ty]'t‘|) .

Replacing y;; with (C.102) and using the properties of a moment generating function for

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

(1—1)(4>0+zt) loglEt(exp{lsjt—i—e 1[(po+9y(/\€]t+(1— A)zt) }) (C.105)
2

B 1 6—1 11 6-1 5
= (1—§> o + {TGy(l—A)] zt+2 [9 —1—79;4/\} oz,

(C.106)

6—1 -1 6—1 1/1 6-1 )
(T) (¢o +2zt) = 0 (po+79u(1 A)zt+§(9+79m) o7 (C.107)

Match the coefficients in (C.107) to get two constraints for the parameters to be deter-

81



mined, ¢, (722,

1
Gﬂ—m'

9 0—1 1/1 6-1 z .,
(P()— §00+§<§+T9‘M}\) (o

(C.108)

(C.109)

02 can be solved for in terms of the structural parameters using using the first constraint

and (C.103)

A1 —2A7)
2 AL —2aA) o
oL = (1—)\)29%'

From (C.107):

o le-17 1 A ?
Qo=@+ g1 1| %

Substituting for ¢g and simplifying,

—9—1 Lle—1p 1 A 2,
Po = 8Y*t 8 la_1t1_a| %

1 1-6
Q. = var <68]t—|— 5 Zt!sjt)
1 1—60 [cov(%sjlt + #zt, s]-lt)]2
— var(esjt + g zt) — Var(sjt)

(3 (5 0
3 (5 ) B0
°(-

= ) [ 2+T(1—A)UZ}
:%@_1)L ) +- 92

002)
where the third equality uses (C.99) and (C.103). Incorporating (C.110),

O = 912 (1—%) (1+(1—6) (-%))02

1
6
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Simplifying,

(=M1 =20 + (0 = DA(1 —21)
= 62(1— 1) %

Then by (C.104) and (C.109),

CO-NE-DA 1,
P=Ta- 20—
—_———

¢

4

where ¢; denotes the steady state of the fundamental equilibrium (See section (B.1.5)).

C.5 Proof of Proposition 10

In a sentiment driven equilibrium with price-setting firms, aggregate demand may be
driven by sentiments. In a self-fulfilling equilibrium, Y; = Z;. To find the volatility of
output and its mean in this equilibrium,

First, find an expression for log P; ; in terms of the shocks, log€; ; and log Y;. From (B.39),

— 1
< 6 ) Elej, ™Y s,
it

P =
0—1 IE[Gj/th‘S]‘,t]
Without loss of generality, normalize %‘Y to 1. Taking the log of this expression,

11—
Pj,t = logIEj}[Yt’Y+ €]1It T’S]',t] — IOg]Et[G]'/th|S]'/t].

Using the properties of a moment generating function for a normal random variable, the

tirst term can be expressed as

log lEt[Yﬁ“e};ﬂs]-,t] = log E[e(7 TV Witdo)H1=T)ejr g, (C.111)
1

= (7 + Do + Et[(v + Dyt + (1 — T)ejslsje] + Eyar[(“Y + Dy + (1 - T)gj,t|sj,tl
o
(C.112)

B (Y+1)(A =Mz +(1—1)Aez 1

n
1
= (v + Do + msj + 5. (C.114)

2
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Similarly, the second term can be expressed as:

log Et[ejYi[sj] = log e V1 H90s; ]

1
=¢o+ lEt[sj,t + yt|5j,t] -+ Eyar[sj’t + yt|S]',tl

9))
(1—A)o2 + Ac? 1
=0
A202 1 (1 - Aze2 it T2t
2

= ¢o +

1
— 4)0 + ,z/lZSj,t + EQZ

Then

Y(1—A)o? — TAc? .
L Xaz 4 (1 Ape?

o A==
= @0+ f(Agj + (1 — A)zy).

1
pit =790+ 51 — ) +

(C.115)

(C.116)

(C.117)

(C.118)

(C.119)

(C.120)

Next, substitute (C.120) into the aggregate price index and use the normalization of

P = 1 to solve for ¢y and 2. Taking the log of (B.38),

(1—6)p: = log E[e;: P}, ]

= IOgIE[e‘c'f,t_'_(l_g)pj,t]
= log [ttt (1=0) (ot a(Aej+ (1-A)z)

By the properties of the moment generating function for normally distributed variables,

(1=0)p: = (1—0)go+ %Var([l + (1= 0)alejy) + (1= 0)a(l —A)z

—(1-0)p+ 2F (1;6””]2

[1+ (1—8)fiA]2
2(1—0)

o+ (1=0)a(l—A)z

pr=@o+ o2 + (1 —A)z.

As P; is normalized to 1, p; = log Py = 0,

1+ (1—0)aA)2
2(1—6)

0=¢o+ o2+ (1 —A)z.
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Two constraints result from equating the coefficients in (C.121):

R(1-1) =0,

[1+(1-0)aA]?
O T Gy

2 _
oz = 0.

The first constraint implies ji = 0, since # > 1 and A € (0,1). Then by (C.120),

AT
0;2 = 1_ A;O’g
From the second constraint, using i = 0,
1 2
=26 -1)7

(C.122)

(C.123)

Finally, (C.122) and (C.123) can be used to find the steady state of the sentiment-driven

equilibrium (¢y). It can be shown that this steady state is lower than that of the fundamental

equilibrium. Rearranging the terms in (C.120), where ¢ was initially defined,

1 1
4’0:; (PO—E(Ql—Qz) .

(C.124)

In (C.112), O = Var[(y + 1)yt + (1 — 7)¢j¢[s]. The conditional variance of a normally

distributed random variable can be decomposed as

(cov([(y+ Dye + (1 = T)ejp,5)4])?

Oy = Var[(y + 1)y + (1 — T)ej] — Var(s;;)
1

= (v +1)%7 + (1= 1)%¢ — pa(cov[(7 + Dy + (1 = T)ejp, 5j4])
= (v+ 1%+ (1—-1)%¢ — m[(y + (1 = M)eZ + (1 - 1)Ar],

where ji; is defined in (C.113). Substituting o2 with (C.122),

AT+ 1)

O = (y+ 1)2022 +(1-— 1)203 — leUf
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By the same procedure, (), = Var([e;; + y¢|s; ] is equivalent to

(covys + €1, 54])?
Var(S]'/t)

(p = Varly; +¢] —

= (73 + (722 — yy_(cov[s]-,t + Zt,Sj,t])
AT+
— o2 -,
Y
where y; is defined in (C.117).

Then, substituting ¢y with (C.123) in (C.124), ¢y can be expressed as

2 |z 3 (12— 1e (0= 0 - 102 = A gy g2 )|

Note that equating coefficients in (C.121) implies that ji = p; — u2 =0,

d0=> gyt =5 ((r+ D2~ U+ [ -2 = 1))
-3 lmrn - (A e-2) 4
(i et e (e R

Finally, it can be shown that the steady state of output in the imperfect information case
is less than its counterpart in the perfect information case (¢o < ¢;), where ¢; is specified
in (B.51). Note that ¢ < ¢ if

1—7(0-1) <%[’y—l—2] + [T—Z]) <[147(6-1)

As0 >1,7>0,A € (0,1), the above inequality is true if
A
—0 2)—.
>0y +2)7—

or alternatively,
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C.5.1 Effect of increasing CB’s response to wage inflation (¢%,)

. g =0
W = (7 + ¢y)2e
T = Aw[l = (7 + ¢y))2:
= [(Aw +1)(1 = [v + ¢y]) — 12 + Df_4
* P — oo
Z’Dg — Z;
my — 0
T — —Z2+ w;_l
¢ Plots:
0 abf _ Mll—(r+ey)l _ 4
a‘PZ/r) a2t (1 + 47;‘{]/\10)2
9 omy _ —AL[1 = (v + ¢y)] <0
PV 92 (14 ¢p%Ay)2
9 o1 _ —Aw(Aw +1)[1— (7 + ¢y)] <0
0Py 9% (14 ¢p¥Ay)?

As ¢% increases, 71; (and thus p;) decreases by less, 71}’ (and thus w;) decreases by

less, and w} increases by less.
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r
d wt/d z,

0 1 2 3 4 5 6 7 8 9 10
"
s
dr/dz,
1 T T T T T T T T T
1.2 | —
_1 .4 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
oY
w
d ™ /d z,
0 T T T T T T T T T
-0.05 | a
_0_1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

C.5.2 Effect of increasing wage flexibility

* Ay = 0 (completely sticky wages): When wages are unadjustable, wage inflation is
equal to zero, and the nominal interest rate does not change. Then, the real interest

rate falls solely through an increase in expected price inflation (fall in p).

W = (7 + ¢y)2
=0

T = — (7 + ¢y)ir +Df_4

* Ay — oo (completely flexible wages): When wages are flexible, wage inflation de-
creases (wy falls) in order for the nominal interest rate to fall. Then, the real interest
rate falls through a combination of an increase in expected price inflation (fall in p;)
and a decrease in the nominal interest rate. Therefore, expected price inflation does
not need to increase by as much, relative to the case where wages are completely

sticky, and so p; falls by less. Since w; falls and p; falls by less, w} increases by less.
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o (P’; Ro_gy = 5 (C.125)

X TP

1— 1—

etk Vs ()Pl Y ik 1P (C.126)

ag TP $r

1+ ) [1— (v +¢y)] 1—
T = ( Aw) . | [—(7;%) —1| &+,
w
¢ + 3o P

(C.127)

Note that under perfectly flexible wages, the central bank’s response to wage inflation
(¢%) has no effect on the real wage.

¢ Plots:

0 ) _ ¢u[l— (v+¢y)]
0 o’ 1—(v+¢y) “0
Oy 02 (1+ p%Ay)2

o am _ (1—¢R)[1— (v +¢y)]
Ay 02 (1+ ¥ Aw)?

<0

>0

As Ay increases, 71 (and thus p;) decreases by less, 71}’ (and thus w;) decreases by
more, and wj increases by less.
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125 T T T T T T T T
1.2 i
1.15 -
1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
A
w
d Tl't/d z,
-1 235 T T T T T T T T
424k ]
1.245 4
_1 .25 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
A
w
w
d ™ /d z,
0 T T T T T T T T
-0.05 i
-0.1 i
_015 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
A

The x-axis corresponds to values of A, consistent with 6, = 0.4 to 0.8.

C.5.3 Effect of risk-aversion

o2

Note that the result o depends on a sufficient level of risk-aversion. Consider v = 0.5,
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r
dwt/d z,

1 T T T T T T T T T
09| E
0.8 |- E
07 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
w
éﬁ
dr/dz,
_06 T T T T T T T T T
.08 - -
1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
oY
d 7r;”/d z,
0'1 T T T T T T T T T
0.05 |- a
O 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
@W

B

This points to a primary effect and a secondary effect of a response to z;. The first way in
which a self-fulfilling positive z; is fulfilled is through a decrease in the price level, which
results in an increased real wage. As a result, expected price inflation increases without a
change in the nominal interest rate. However, if the resulting increase in consumption is
not sufficient (if -y is high), wage inflation may need to fall as well so that the real interest
rate decreases by more when the nominal interest rate falls. The result is that real interest
rate falls through both an increase in expected price inflation and a decrease in the nominal

interest rate.

C.5.4 Role of substitution versus wealth effect (7y)

* A decrease in the real interest rate has two opposing effects on consumption. The sub-
stitution effect: as the real interest rate falls, consumption increases as the return from
savings offers lower utility than additional consumption. Consumption and savings
are substitutes, and as the return from savings decreases, consumption increases. The
wealth effect refers to a less known dynamic: as the real interest rate falls, the reduced
return on savings decreases. As a result of this fall in the return to savings, house-

holds consume less.

* When 7 is sufficiently small, the wealth effect dominates. From the households’ opti-

mal inter-temporal consumption decision (18), a decrease in 7y renders the real interest
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rate more effective in changing consumption

r
dwdz,

For 7 low, a smaller fall in the real interest rate is required to increase consumption on
the household side. Thus, in a self-fulfilling equilibrium, wage inflation does not need to

fall by as much. In equilibrium, the real wage increases when by more when 1 is low.
C.6 Robustness of results to alternative preferences

C.6.1 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.

Consider a more general utility function for households that is non-linear in labor sup-

ply. Households choose labor supply (N;) to maximize utility

1-— 1
Ct Y Nt +¢
max

N 1—7 1+¢

7OWith a linear disutility of labor, labor supply responds strongly to a change in the real wage.
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subject to budget constraint
PiCy < WiN; 4114

The resulting first order condition,

implies that the price level is

Pr=——.
LN/
Substituting N; with the production function Y; = AN; and applying the market clearing
condition, Y; = C;,
Wi

P = CWPA%". (C.128)
t

From (A.6) The firms’ first order condition is

1 1 Py ‘
Yj,t = 1-— 5 AIEt (Gj’th)QWt|S]'/t .

Substituting Py with (C.128),

1\ yivog, [ yi-rre 1]
Yj,t = 1 - 5 A IEt Gj,th |S]'/t

Alternatively, substituting the real wage with the household’s optimal labor supply con-
dition,

1 1 1 _
th= | (1-5) am [t e |

Replacing N; = [ Njdj = [ %d]',

1
1—-1| AE
( 9) f

%
v -

11, Yir \ ¢
She (/%d] Isjel ] -
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Conjecture y;; = D + Bs; ;. Equating coefficients,

1 1  (BA)? ,] @

=TT 90 ((1 v0)po — @0 logz + TUE + EQS ,
(1 —90)(1—A)o? + Ac?

(1—=A)2(1+0¢)o2 + A202

B =

Note that the pass through of z; to y; ; is mitigated by ¢ (the wage co-varies more with sen-
timent, in the case of with non-linear disutility of labor). Next, substitute y;; in aggregate

price index (A.7), and equate coefficients to obtain

FOE N = S S ) G e 0 e A g
Tty |2 P84T 10(6 — 1) 5 |
0.2 A 1_1&/\ 2

z

1 A8l )

C.6.2 Non-linear disutility of labor, firm sets price

Begin with the conjecture p; = D + Bz;. Consider the optimal price chosen by firm j,

b 0 lEt[Wte},t_TYt|Sj,t]
= 0—1 ]Et[€j,th|Sj,t]

Replacing N; with [ %d] = Py, i P].,_tee}/t_rdj,

1469 17,147+ —0c1-74;)"
. Bi[P, e Tz, <f P e Td]) ] (C.129)
it = 91 ]Et[€j,th|5j,t] ' |

Substitute the conjecture for p;; = D + fisj; on the right hand side of (C.129) and sim-
plify. Equating coefficients in conjecture,

_ —TAZ+ (y+ ¢+ B)(1—A)o?
= A202 + (1 — A)202 '

In equilibrium, B = fi(1 — A), which implies s

2 A THBE;
o? = o2,
1-A y+e¢

B = % is indeterminate, and when we introduce Calvo price rigidity and a policymaker
t
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that follows a simple interest rate rule, it will be equal to — 'Y;fy , where ¢, and ¢, corre-

spond to the weight placed on inflation and output.

C.7 Constrained Efficient Allocation
Combining (31) and (32), firm level output can be represented as

AB~(1—A)B
Y, = Felpz{" ™

From (33), aggregate output is

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

random variable imply

(14+AB(6-1))2 >

1
Y, = FZ0 M8 e %

(14AB(6—1))2 o2

_1
As the signal is endogenous, implementability (Y; = Z;) requires B = ﬁ, F=e¢ 2 (6-1)

Aggregate labor is

and for these values of F and B,
A-F / Bajz0-VE,
— A—lzt(1 A)Be%(/\B) 2

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

1 1- 1 1+
E[U(Ct, Ny)| = EIE(Ct ") - m]E(Nt (P),
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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— K2

2%

= | —(1 — 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 6, the elasticity of substitutability between goods. In the case of

* (perfect substitutability) 911m Inx; = Inky,
—00

2%

oy <0,
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* (perfect complementarity) éin}) Inxq > Inxy,
—
o2 > 0.

Note, for 0 € (0,00), k1 > kp and so In (%) < 0as

1 6-1_1% 0 )
[§+ 5 /\B] 6)_1>(/\B),

1 6-1. 77 ,0—1
[§+TAB] > (AB) ==,

1 270-1\? ,0—1

Also, AB < 1if B= Ly and A € (0, 3).

C.7.1 Constrained Efficient Allocation - Steady State ((,b(S)P )

CES aggregation for Y; and the firm’s response in the social planner’s problem are given

by

Ly
Yt: |:/O ej,th,t d]:| ,

Taking logs,
0 1/1 6—1\% ,
¢$o+zt =z + o-15\3 + /\B—Q 1y (C.130)
1 0 1/1 0—1)2
5P (B = 1_A) =513 (§+ABT> o2, (C.131)
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The social planner could also choose B = 0, in which case

1 % '(f%l
Yjr = {/0 ej,td]] /

D Sentiment Equilibrium with Flexible Wages and Technology Shocks

To solve for equilibrium output, conjecture Y; = MA;PW Ctrand y; = log Y; ~ N(¢3, og)-

In expectation,

P00t = MYyl (D.132)

This implies
$g = m+ Pyad,
(75 = 1/J§aa,f + U'g.
Firm level production, in logs,

Yj+ = 0log (T@) +(1—76)pf +0a+0E gttt (5 — V)Gt + |8 +50s,

[\ /

"
where §;; = Aej; + (1 — A)(Pyads + Ct), ar = log Ay ~ N(0,02), 8 = ¢ ~ N(O,(Tg),
7 = logYV; = log[AfWC_t] ~ N(0,07) and Qs = Var[gej: + (3 — 77t + @3] Let firm
production be represented by
Yj,i’ - e(Pogﬁt/
where S, = eﬁt[ﬂzpy‘ft]l_A, @o = 0log (%%) + (1 —90)pg +0a+ 50, log Yi ~ N(0, o),
and B = 6u. By (42), aggregate output is

0
_ = 1,6-1 -1
Yy = eP[A]"g,]P0-N) [/ SRR dj] :

N J/
-~

K1
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In logs,

vt = @o+ B(1 — A)[¢yads + i) + log .

In expectation, this expression implies
2
PO+ _ ppotlogrit 3 [B-N)P[yf,07+07)

Equating with the conjecture (D.132),

1
P=1—x
$§' = o+ logxy,
= flog (9—l> +(1—0)¢ + 6a + O+ log k1,
6 Y 2
- % [log (%%) +a+%+ lo‘le} ,
:1[10g<9;11)+a+&+ L (s EL)]
v 0 ¥ 2 "200-1)°¢\6e " 8 1-A) |’
1
Ebya—;/
oot (5514 5 e

6 Y 2

In equilibrium, (D.133) implies

. 1
(75 =52+ ?0’3 +(1— ’y@)ag,

= ﬁ (1 — %) 2. Equating with the results from our conjecture,

~2 2
o, = —0, + o,
¥ T hglr T2t
1
2 ~2
UZ—%(TZ

(D.133)
(D.134)

(D.135)

(D.136)

(D.137)

(D.138)

(D.139)

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

an extrinsic component to aggregate output (¢ > 0).
p &8reg p 4
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E 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; 4,

1 0
{18 o)

In logs, and letting () = Var [%(sj/t +yt) — Ow) + Tat‘sj,t} ,

1 0
yir = 0In (1 — 5) + IE[sj,t + vy — Owi + Gat\sjlt] + EQS' (E.140)

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,

R 1.,
¢t = Eiq1 — ;(H —Eifti1), (E.141)
iy = QLAY + ¢y, (E.142)
i’ = BEA,, — Awfif, (E.143)
sjp = Agjp+ (1= Ay, (E.144)
iy = @ — ¢, (E.145)
Ut =&, (E.146)

1

U = ; 9;rdj, (E.147)
Byi1 = par+ €1, (E.148)

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

- ét + bclfﬁ_l + lpyaﬁtz

AT A
angt + br;_q + crdy,

7ty

Y = anwGe + bpoWi_q + cpody,

Wy = ath + boyWi_q1 + cwi.
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The following coefficients verify the conjecture

Y(1+ (szg)\w) + ¢y

14+ ¢%A,
br =1,
ay = _Audy
T T4 A’
o= O+ G + (1 + A
1+ Ay

Assuming technology shocks are iid (p = 0),

Y(1+ ¢FAw) + Py

Cw = 1+ 4)%])\10 yas
(1 + ¢RAw) + ¢y (1 4+ Aw)
Cnr = — w yar
w<Py
cy = “1r A — = PYya-

From the wage inflation equation, b¥(1 — Bcyw) = 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

r_ Y1+ ¢FAw) + Py

wy 1+ (P?T)/\ (Ct + ¢yaat)r
7'(;0 = 1 +Z:)\§Z)]/¢w (Ct + wyuat)/
14 Apgp Ao
7Tt:_,)/( + 4) )+¢y(1+ )(gt"i_lpyaat)/

14+ A%
Ct = Ct + lpyaat-

Next identify iy, from the equilibrium condition (E.147). Let §;; = y;: —
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(E.150)

(E.151)

(E.152)

®o, where



po =106 [ln (1 - %) + %} . By (E.140) firm j’s first order condition is given by

ﬁ]’,t = IE'[Ej,t + Yyt — 07,{); + 9&,}|S]',t]
= E[ej; + (& + Pyalt) — 0(awls + cwar) + 0ayls; ]
= Elej + (Pya — Ocw + 0)ar + (1 — 0az) 15 1]
AGZ + (Yya + 0(1 = cw))Pya(1 — Aoz + (1 = 6ay) (1 — 1)o7
- 2,2 2(42 2 L 72 [Aejr+ (1= Ayt
A Ue +(1_/\) (lpyaaa +0§) ~ ~~ 4

S]"t

Equilibrium condition (E.147) implies

AGZ + (ya +0(1 = cw))Pya(l — Moz + (1 — 0ay) (1 - /\)‘Tg 1
A202 + (1= A)2 (3,02 + 07) 1=

Solving for ¥y,

‘/ia = (Yya +0(1 — cw) ) Pya-
For iy, # 0, ¢y = 1, which implies

s 1+ ¢%A,
(1 + ¢%Aw) + ¢y

Solving for 0'5 using E.153,

A A
2 2 2
o = (1= baw)og 1—A<1_1—A)‘7€'

Letting 72 = % (1 — %) 02, which is equivalent to sentiment volatility in the model
without technology shocks,
L

2
0F = —0
¢ Bay ?

Note that as ¢ — oo, we approach the flexible wage case, where a,, — 7.
s pp g Y

Finally, using ¢, = i Ifrle e can express the coefficients (c,, c;v) for the tech-

1+¢F A )+,
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nology shock as follows,

_ YA+ ¢7Aw) + ¢y (1 + Aw)
Y1+ Awd) + ¢y
wo_ )\w(,by

T T A + by

Cnp =

7

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

as follows,

[v(1—p) +¢y](1 = Bp) + YAw(PF — p)

Ao(@ —p) + (1= Bp)(1 —p)
Crw = ﬁ[_/\w(cw - 'Y’,bya)]/

Cw = Yya,
Cn' — Cr[w - Cw.

Under persistent technology shocks, E.153 still holds. Solving for ¢, and assuming ¥, #
0, cw = 1, this implies

Mo(¢7 —p) + (1= Bp)(1 —p)

Pya = [v(1—p) + ¢y](1 = Bp) + YAw(PF — p)’
Crw = — /\wqby ’
7 (11— p) + 21(1 — Bp) + A9 —p))
Cmp = — /\w% —1.

7 (10 =)+ 2101 — Bp) + Au(9¥ — ) )

F Endogenous Signal Microfoundation

So far, this paper has referred to the signal endogenous in the sense that it captures an
endogenous outcome, aggregate demand. In this extension, consider a microfoundation
for the signal such that S;; is isomorphic to the intercept of a demand curve that firm j con-
structs by surveying consumers about their demand (Benhabib et al. (2015)). Consumers
face uncertainty about their own demand for product j. Consumer i’s demand Yj, at each

posited price (P; ;) is given by

7. — P GZ 107 1\
S
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where SL ;= &t h; ;- For each consumer i € [0,1], h;t represents idiosyncratic noise in

their preference for good j. In logs, the household’s demand for variety j as a function of

its price is

1 N
Gy = —0(pj— pt) + 2z +1n /0 (E [ebeirle; + k] ) di (F154)
- 1 '
= —0(Pj¢ — pt) + 2t + pe€js + Ey?Var(séllt), (F.155)
where y, = (7204?(72 is the optimal projection of E [s]’,t |SL t] .
eV, ’

In a model with Calvo wage rigidity (27), the aggregate price level responds to sentiment

as follows,

¢y(1+ Aw)

Zt + Wi_1.
Y o 7 e

pr = — [’Y +
Allowing the survey to capture the equilibrium relationship the aggregate price level and

sentiment,

¢y(1+ Ay)

1 .
Ow;_ 4 —u?Var(s] ).
1+ ¢%My th+ Wi+ et + 51 Var(sy,)

Yip = —0pj + (1 — 0 {’YJF
Abstracting from known variables at time ¢ and constants, the intercept of the household’s
demand curve for good j serves as a micro-founded signal of idiosyncratic and aggregate

demand,

MD z. (F.156)

Sit = Me€jt + <1 -0 {’Y‘F 1+ 6%,

Hz

¢y (14+Aw)

Letting p, =1—10 ['y T e, }, (F.156) is isomorphic to s;; in the baseline model,

Ue Uz
- . , F.157
Sit et gjt+ et }lzzt ( )

where A (the proportion of the signal corresponding to idiosyncratic demand) now corre-

He
Metpz”

sponds to The equilibrium is pinned down by a distribution for z,

A
A &= 17y
0_2 1-A

T I-A1-8"

(F.158)
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Whereﬁ: ,o=1and1—-p =

1+9%Aw

€
¢y (1+Aw)
1+¢%YAw

I S
1-6 [7+ 6 [7 ¢y(1+)\w>}

Proposition 12. Let % € (0, 153 )- When firms condition output on the signal given by (F.157),

Y; features fluctuations from both fundamental and non-fundamental sources. Aggregate output,
ye = log Y ~ N(¢o, 05), is stochastic, with variance given by (F.158).

The indeterminacy condition is now”!

1 1+A
02 >0 <= ¢Y> . —(Pffy w)
w 906 _r)/

-1

An equilibrium with non-fundamental fluctuations still exists and the intuition follows re-
mark ??. This equilibrium relies on the inability of firms to disentangle idiosyncratic from
aggregate demand. In particular, using the notation from section 2, the existence of the
sentiment equilibrium requires firm j’s best response to idiosyncratic demand («) to dif-
fer from its best response to aggregate demand (), and that the signal weights on these
components (A and 1 — A, respectively) make it difficult to disentangle them. In this micro-
foundation of the signal weights, an increase in the responsiveness of the nominal interest
rate to wage inflation (¢%) affects A in the same manner that it has affected the best re-
sponse in the baseline model with Calvo wage rigidity (section 3).”> There, an increase
in ¢¥ mitigated the degree to which the equilibrium real wage increased in response to a
positive sentiment shock, which increased the degree of complementarity in firm produc-
tion (B). Now, an increase in ¢% also mitigates the responsiveness of the equilibrium price
level to a positive sentiment shock, but in the microfounded signal (y, = 1 — 63—2‘).73 In
summary, when ¢} increases, both the weight on aggregate demand in the best response

and the weight on aggregate demand in the signal change in the same manner. As a result,

"1For 02 > 0, we require ﬁ € (0, ﬁ), which implies A > 0. For A < ﬁ,

He @

pe+ (1-0[y+45]) R

ED W

2The signal weights capture the following: when idiosyncratic demand (e j,t) increases, the surveyed quan-
tity demanded will also increase. When beliefs about aggregate demand (z;) increase, the signal incorporates
the fall in the aggregate price level, which is captured by a decrease the quantity demanded in the survey. In
summary, Y; , the quantity of good j demanded by households will respond to sentiment in the same way as
the optimal production of good j by firms. Therefore, in response to sentiment, the microfounded signal will
change in the same manner as firm j’s best response.

73In an equilibrium with a positive sentiment shock, the real wage increases through a fall in the aggregate
price level that exceeds the fall in nominal wages. To the extent that an increase in ¢¥ caps the increase in the
equilibrium real wage, also limits the fall of the aggregate price level.

If A > 0, then pie + (1—9 [7 (”y““w)}) >0and1— 70 > L.
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tirms face the same signal extraction problem as before, preserving the equilibrium with
non-fundamental fluctuations.

Figure (5) shows the indeterminacy region for a model with B = 0.99 (which implies a
steady state real return on bonds of about 4 percent), v = 2, and 6, = 0.66 (an average
wage duration of 1.5 years). Finally, assume that the idiosyncratic component of the signal
has weight A = 0.2.

Figure 5: Indeterminacy region with a micro-founded endogenous signal
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The region of indeterminacy in this extension lies nearly opposite the standard region
of indeterminacy in the New Keynesian model without information frictions (Figure 2).
Unlike the baseline model, there is a clear boundary between determinacy and indetermi-
nacy regions.”* In this extension and in the baseline model, policymakers can make the
real wage less responsive to sentiment by responding strongly to wage inflation. Con-
versely, by responding less to wage inflation, policymakers can make the real wage more
responsive to sentiment. The same applies for the response of the price level in response to
sentiment. Therefore, in this extension, the policymaker has two channels to increase the
responsiveness of aggregate variables to sentiment and to restore determinacy. The first
channel is through the best response of firms, as in the baseline model. The second channel
is through the microfounded signals that firms receive.

74This condition did not exist in the baseline model because the bounds for the response of the real wage
to sentiment were too small: %% € (v, y+ey).
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