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Abstract

I study optimal monetary policy in the presence of non-fundamental sources of fluc-
tuations. Beliefs about aggregate demand can be self-fulfilling in models departing
slightly from the complete information benchmark in the New Keynesian framework.
Through its effect on aggregate variables, the stance of policy determines the precision
of endogenous signals that firms receive, and consequently, the degree of coordination
in firms’ production (pricing) decision. As a result, the distribution of non-fundamental
shocks is no longer independent of policy, introducing a novel trade-off between sta-
bilizing output and inflation. Strong inflation targeting increases the variance of non-
fundamental shocks, which are shown to be suboptimal. The Taylor rule is no longer
sufficient to rule out indeterminacy. Instead, an interest rate rule that places sufficiently
low weight on inflation eliminates non-fundamental volatility and hence the output-
inflation trade-off. While these results extend to the case where fluctuations are driven
by both fundamental and non-fundamental shocks, a policymaker unable to distin-

guish between the two sources cannot eliminate non-fundamental volatility.
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1 Introduction

The New Keynesian model has become the workhorse model for monetary policy anal-
ysis. This framework for understanding the link between monetary policy and macroe-
conomic outcomes has provided a number of insights into the positive and normative
implications of policy action. With nominal rigidity as a friction, the consensus among
researchers is that wage (price) stability should be one of the main objectives of monetary
policy, to the extent that it can induce an efficient allocation of resources by replicating
the flexible wage (price) equilibrium (Goodfriend and King (2001), Goodfriend (2007)). In-
flation targeting emerges as the optimal strategy, while a sufficiently strong response of
the nominal interest rate to inflation serves to eliminate nominal indeterminacy (Taylor
(1993), Rotemberg and Woodford (1997), Rotemberg and Woodford (1998), King and Wol-
man (1999)).

In this paper, I reconsider these results in the presence of information frictions. Dis-
persed information will impede coordination among firms, who are strategically linked
through factor prices and aggregate demand externalities present in the canonical New
Keynesian model. While such linkages provide a motive for coordination among agents
in the economy, agents lack of common knowledge about the current state and future tra-
jectory of the economy. The focus of this paper will therefore be on strategic uncertainty,
which refers to the uncertainty that agents face about the behavior of others, rather than
fundamental uncertainty, or the uncertainty that agents face about payoff-relevant vari-
ables (Angeletos and Lian (2016b)). Following Benhabib et al. (2015), I consider an equilib-
rium where endogenous signals place structure on the set of rational expectations equilib-
rium outcomes.

More precisely, the deviation from the benchmark New Keynesian model is as follows: a
continuum of firms commit to production (pricing) before shocks are known, conditioning
their decision on a dispersed signal of an endogenous variable, aggregate output. Infor-
mation frictions of this form will introduce an alternate channel through which monetary
policy can affect outcomes. Through its effect on aggregate variables, the stance of mone-
tary policy affects how firms use their signals to make production (pricing) decisions. In
the aggregate, firms’ actions will determine the precision of the endogenous signals they
receive.

The complete information assumption in the standard New Keynesian model turns
out to be non-trivial, as several predictions of the model no longer hold. Relaxing this
assumption, 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. As a result, the stan-
dard view that monetary policy should mitigate the distortionary effects of shocks no
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longer applies. Indeed, the endogeneity of equilibrium outcomes to the stance of policy
implies that other predictions of the New Keynesian model no longer hold. Fluctuations
that arise in this model can have a non-fundamental component, which introduces a novel
trade-off for a policymaker whose goal is to stabilize output and inflation. Responding
strongly to inflation has a destabilizing effect by increasing output volatility.! Relatedly,
adjusting the nominal interest rate too strongly in response to inflation leads to indetermi-
nacy that arises from expectations of aggregate demand. This stands in stark contrast to
the literature on multiple equilibria in New Keynesian models has emphasized the Tay-
lor principle in ruling out expectation-driven fluctuations of the price-level.> The presence
of non-fundamental shocks underscores the importance of understanding the source of
fluctuations when determining the appropriate stance of monetary policy. These shocks
are conceptually demand shocks, induce the same co-movements in output and prices as a
productivity shocks, yet introduce a trade-off between stabilizing output and inflation, like
cost-push shocks. For robustness, I show that these results also hold in the case of price
stickiness and when the nominal interest rate targets price inflation.

An alternate channel for monetary policy to affect outcomes also suggests that its nor-
mative implications will differ from the benchmark New Keynesian model. I characterize
optimal monetary policy by considering the problem of a social planner who cannot ag-
gregate information among firms, solely mapping firms’ actions to signals received. The
constrained efficient allocation features no non-fundamental fluctuations and contrasting
it to the decentralized equilibrium highlights a source of inefficiency: the use of informa-
tion by firms affects its aggregation. I show that this planning exercise has a realistic policy
counterpart. The constrained efficient allocation can be attained by a simple interest rule
with a sufficiently low weight on inflation. By mitigating the degree to which it responds
to inflation, the policymaker eliminates non-fundamental fluctuations, thereby precluding
the output-inflation trade-off. Information frictions introduce a tradeoff between informa-
tional and allocative efficiency, qualifying conventional results for the optimal design of
monetary policy.

Finally, I extend these results to the case where fluctuations are driven by both non-
fundamental and fundamental sources. However, as the policymaker cannot distinguish
between non-fundamental and fundamental sources of fluctuations, monetary policy can
no longer implement the efficient allocation.

The framework presented in this paper nests the standard New Keynesian model yet

!In the presence of non-fundamental shocks, 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)
find the same conclusion for demand shocks if the policymaker does not respond strongly to inflation.

2See Clarida et al. (2000), Bullard and Mitra (2002), Davig and Leeper (2007).
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provides some new insights. Relaxing the assumption that agents make decisions with
common knowledge of the current state and future trajectory of the economy, the uncon-
ventional effects of monetary policy are derived from the fact that the use of information
by firms is not policy invariant. This calls into question the interpretation of policy in our
benchmark models, as their effects can be appropriately measured when deep parameters
governing individual behaviour take into account changes in policy (Lucas (1976)).

The rest of the paper is organized as follows. The next section provides an overview of
related literature. Section (3) presents a stylized model to illustrate how endogenous sig-
nals may lead to indeterminacy in aggregate outcomes, the distribution of which is pinned
down by structural parameters. Section (4) introduces the benchmark model. It embeds
the dynamics of the previous section in a richer, micro-founded business cycle model with
Calvo wage rigidity in order to analyze the effect of monetary policy on equilibrium out-
comes. Optimal monetary policy is considered in Section (5). Section (6) demonstrates that
results on the positive and normative implications of monetary policy with information
frictions are robust to the introduction of fundamental shocks. Section (7) concludes. Ap-
pendix (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 Literature Review

In recent work, macroeconomic models incorporating information frictions have helped
rationalize the co-movement of fundamentals and observed economic outcomes (Mankiw
and Reis (2002), Mankiw and Reis (2007), Woodford (2003), Adam (2007), Lorenzoni (2009),
and Angeletos and Lian (2016a)). So far, this literature has placed greater emphasis on
fundamental uncertainty, that is, the uncertainty that agents face about payoff relevant
variables such as preferences, technologies, and beliefs thereof, and the resulting macroe-
conomic outcomes.’

However, strategic uncertainty comprises a distinct form of uncertainty, one that agents
face about the behavior of others (Angeletos and Lian (2016b)). More than a theoretical
curiosity, incorporating this friction provides new insights into the nature of business cycle
fluctuations and its implications for policy. Under plausible assumptions on the informa-
tion set of agents, strategic uncertainty can also give rise to non-fundamental volatility, or

volatility in equilibrium outcomes orthogonal to the volatility in either fundamentals or

3Theories of imperfect information have been a popular way to introduce persistence into equilibrium
behavior. The effects of shocks can be spread out over time if information diffuses slowly due to costs of
acquiring information or of re-optimization (Mankiw and Reis (2002), Mankiw and Reis (2007)) or if agents
are unable to distinguish permanent from transitory shocks (Woodford (2003)).



beliefs thereof.

The focus on strategic uncertainty distinguishes the results of this paper from those in
the literature on news and noise (Beaudry and Portier (2006), Lorenzoni (2009), and Barsky
and Sims (2012)). In the aforementioned literature, representative agents observe noisy
signals of future fundamentals. However, as they share the same information, these models
do not capture uncertainty about endogenous economic outcomes that can arise from lack
of common knowledge.

In related work, Angeletos and La’O (2019) also consider the positive and normative im-
plications of policy in a model with incomplete information. Although both models feature
non-fundamental fluctuations that arise as a result of dispersed information, a key differ-
ence is in the precise nature of such fluctuations and the implications for optimal mone-
tary policy. Angeletos and La’O (2019) consider sentiments that are purely exogenous. As
a result, monetary policy responds to stabilize macroeconomic aggregates in response to
sentiments, like other fundamental shocks. They find that policy can not improve on the
decentralized outcome, as the economy responds efficiently to the dispersion of informa-
tion. By contrast, the volatility of sentiments featured in this model will be endogenous to
policy, allowing the policymaker to shape outcomes through its influence on agents” use of
information. The policymaker should and can eliminate non-fundamental fluctuations, as
they represent an inefficiency in the use of dispersed information.

In highlighting the informational efficiency role of monetary policy, this paper shares
similarities with Paciello and Wiederholt (2014). The authors consider a representative
agent model in which it is costly for an agent to acquire information about an exogenous
payoff-relevant variable, such as technology or mark-up shocks. They show that the trade-
off between output volatility and price dispersion is eliminated by policy that pursues
price stability, not only for shocks that introduce efficient fluctuations (technology shocks),
but also for shocks that introduce inefficient fluctuations (mark-up shocks). The reason is
that by pursuing price stability, monetary policy incentivizes price setters to pay less at-
tention to mark up shocks. However, their representative agent framework does not allow
for strategic uncertainty, precluding non-fundamental volatility. In my framework, this
friction reintroduces a tradeoff between stabilizing output and inflation.

The effects of monetary policy in this model derive from an alternate channel through
which policy can affect outcomes, which is distinct from the signaling channel Melosi
(2016) or the role of public information in coordinating actions Morris and Shin (2002).
Through its effects on aggregate variables, the stance of monetary policy affects the preci-
sion of endogenous signals that firms receive.

Finally, this paper analyzes the effects of monetary policy in the presence of sunspot



fluctuations. Shifts in aggregate outcomes that seemingly occur without corresponding
movements in fundamentals can be rationalized using models that either depart from ra-
tional expectations or feature multiple equilibria. Earlier work considers randomization
over multiple certainty equilibria, as in Cooper and John (1988), which features strong
strategic complementarities in actions. Similar dynamics can be found in models with
non-convexities in technology or preferences. In Benhabib and Farmer (1994), Farmer and
Guo (1994), Wen (1998), increasing returns in production (from input externalities or mo-
nopolistic competition) yield a local indeterminacy, whereby a continuum of determinis-
tic equilibrium paths converges to a unique steady state. Cass and Shell (1983) construct
sunspot equilibria that are not necessarily randomizations between certainty equilibria.

I follow a more recent strand of literature which relies on incomplete information as
a mechanism for generating sentiment-driven fluctuations in a micro-founded, unique-
equilibrium rational expectations macroeconomic model. As the equilibrium conditions
impose more structure on equilibrium outcomes, these models facilitate policy analysis.
In Angeletos and La’O (2013), the extrinsic source of fluctuations is aggregate noise in
information technology used to infer a trading partner’s beliefs. In contrast, sentiments, as
referred to in Benhabib et al. (2015), Acharya et al. (2017), and Chahrour and Gaballo (2017)
correspond to an endogenous variable, aggregate output, and are captured by dispersed,
endogenous signals that can coordinate agents’ actions. As a result, the distribution of
sentiments is determined by structural parameters and corresponds to the self-fulfilling
distribution of aggregate output.* The results in this paper are derived from the analysis of
monetary policy in the non-fundamental equilibrium introduced in Benhabib et al. (2015),
with an extension to the case where both fundamental and non-fundamental shocks are
drivers of aggregate fluctuations.

3 Information Frictions in a Beauty Contest Model

The information channel of monetary policy relies on a key mechanism, that the use of
information will affect its aggregation. The abstract model in this section captures this dy-
namic with two features that can be reasonably assumed to be present in a decentralized
economy: interconnectedness and endogenous signals. First, economies are networks of
interconnected agents who simultaneously make decisions before knowing aggregate out-
comes. Their payoffs are interdependent, as the decisions of any agent depends on the ex-
pected decisions of many other agents. For example, firms” hiring and investment depend

4In this model, 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.



on expected demand for its product, while product demand depends on spending plans
of consumers. Consumer spending plans in turn depend on expected income and labor
market conditions, which depend on decisions of other firms and consumers. Secondly, in
most situations of interest, agents make decisions conditional on endogenous signals. The
term endogenous is solely meant to indicate that the signal captures an endogenous vari-
able, the aggregate actions of agents. As an example, firms may receive advance orders
or conduct market research that provide information about aggregate and idiosyncratic
demand.’

Consider a beauty contest, a class of games featuring weak complementarity and lin-
ear best responses which are taken under incomplete information. This framework can be
considered a stylized version of unique-equilibrium macroeconomic models whose equi-
librium conditions can be approximated by a system of log linear equations. In DSGE
models used to study business cycles and conduct policy analysis, product differentiation
introduces strategic complementarity. Optimal production of each firm depends on other
firms’ production, as goods produced by monopolistically competitive firms enter into the
production of a final consumption good.

As many economic interactions feature a coordination motive whereby an agent’s op-
timal action depends not only on his expectation of exogenous fundamentals, but also on
his expectation of other agents” actions, there are many applications of beauty contests in
macroeconomic models.°

A continuum of agents, indexed by j € [0,1], choose action y; in response to a funda-
mental (in this case, ¢; ~ N(0, 0?)), while also minimizing the distance between its action

and the actions of others,”

. 2 2
min Ela(yj — )" + Bly; — y)°[1j].
]
Lety = f01 y; dj represent the average action across agents, and denote the information set
of agent j by I]-.8 The parameters « and 8 capture the importance that agents place on their
action being close to the fundamental and their desire to coordinate, respectively. It follows

that the best response of agent j is a linear combination of two terms: the fundamental and

5These signals share a common component, which can also be viewed as correlated signals as in Maskin
and Tirole (1987).

®Macroeconomic applications of beauty contests include the pricing decision of monopolistically compet-
itive firms (Woodford (2003), Hellwig and Veldkamp (2009)) and investment decision of firms Angeletos and
Pavan (2007).

"The term “fundamental” refers to the fact that the realization of ¢ j is payoff-relevant to agent ;.

8The information set may include priors, private signal, or a public signal.



the aggregate action,

yj = IE[txej + ,3y|1j].
If B < 0, agents’ actions are characterized by strategic substitutability. Otherwise, if § > 0,
we refer to their actions as strategic complements.
3.1 Complete Information

As a benchmark, consider the complete information case,

yj = wej+ By.

Assuming the law of large numbers applies, the aggregate action is found by summing
across agents,

1
= i,
y /0 y;dj
1
~ [+ pray
= By.

In the case of § # 1, the only equilibrium is y = 0. If = 1, then multiple equilibria exist
and any y is a solution.

3.2 Incomplete Information

In the case of incomplete information, agents do not observe ¢; and y. Instead, they
condition their response on a unique information set, denoted by ;. In particular, let I; = s;,
a private signal that is endogenous, as it aggregates the idiosyncratic fundamental and the
aggregate action taken by agents, an endogenous variable,

To consider an equilibrium where y may be stochastic, conjecture y ~ N(0, (75). In
this case, the signal that agents receive is noisy and they must use Bayesian weighting to
disentangle its components. The optimal weight for the signal () reflects the volatilities of

its components, (762 and 02,

aAo? + B(1 — Aoy [Ae; + (1= A)y]
] .

Y= A202 4+ (1= A)207 - g >

H




Assuming the law of large numbers holds, the aggregate action across agents is then

o aAc?+ B(1—=A)e?
y= / Yj dj = )\20’2 ( /\)Zo_zy(l_)‘>y' (1)
y
Under this information structure and among Gaussian random variables, the equilibrium
aAoZ+B(1-A)o2

I(1-A)=1.

satisfies a fixed point relation where Pz pmyed

Proposition 1. There is an equilibrium in which y is indeterminate, but its distribution is deter-
mined endogenously, (7]3 = f(a, B, A, 02).

A rational expectations equilibrium is pinned down by a particular (75, which is deter-

mined by model parameters,

A
A fe—
2 1-A 2
‘Ty_1—)\<1—ﬁ>‘78' @

The realization of y is indeterminate, as any y ~ N(0, 05') satisfies the equilibrium con-
ditions. As the conjecture and its confirmation show, y is stochastic, despite the absence
of any aggregate shocks. Note that equation (1) is also satisfied for y = 0, which is re-
terred to as the fundamental equilibrium. To summarize, in the incomplete information case,
there is a non-fundamental, or sentiment equilibrium in which y is stochastic, in addition to
the fundamental one.

Remark 1. Extrinsic changes in y occur as a result of an information externality, as agents do not
internalize how their aggregate actions affect the precision of their signal.

In this framework, equilibrium multiplicity does not rely on non-convexities in technol-
ogy or preferences, or randomizations over fundamental equilibria, but on the feedback
between agents” actions and the endogenous signals that capture its aggregation. Fluctua-

tions occur as endogenous signals coordinate agents” actions and beliefs.

Remark 2. Agents misattribute aggregate demand to idiosyncratic demand in their signal extrac-
tion problem.

By (1), y can be decomposed as follows,

T L 1Ry S LA\ ©
\)\2(752 + (1= A)%d} ] 3\203 + (1= A)%d} '
pass—throug}:gf yto Efej[s;] pass—throug\hr y to E[yls;]



As a result of agent j’s signal extraction problem, what agents perceive to be the id-
iosyncratic fundamental actually contains the aggregate, endogenous component of their
signal,

Ac?

. . fr— S . J—
lE(s]\s]) “)@ag . /\)20}% [/\sj +(1-A)y).

Across agents, this misattribution of signal components contributes to aggregate fluctua-
tions.

Ao2

1
. . / — € —
/0 [E(ejls;) dj “/\2(782 . A)za§(1 A)y.

Remark 3. The degree of complementarity or substitutability in actions affects the signal’s precision
as an indicator of ¢,

2 2
99 _ 9y
B 1-p

a2
IfB < 1,thena—ﬁy > 0.

There is an information externality in which the use of information affects its aggrega-

tion: in the aggregate, how agents condition decisions on their signal affects its precision.

Remark 4. The sentiment equilibrium is not knife-edge, as it exists for a range of parameterizations

of &, B, A and is stable under constant gain learning and other simpler learning rules.” '

However, equilibrium multiplicity does require the following: 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 sentiment equilibrium ((75 > 0) requires & > ﬁ This can
also be restated as follows: if B < 1, then 05 >0if A € (0, a“ﬂ) ,i.e., if the signal is strongly
correlated with y.!!

°In the case of B = 0, multiple equilibria would still exist, if (75 = ﬁ x— %) 2. In this case, y can

be considered aggregate noise in the signal that agents receive about their idiosyncratic fundamental. 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.

10See Benhabib et al. (2015) for a discussion of off-equilibrium dynamics and equilibrium stability under
learning.

n the model that follows, the Dixit-Stiglitz specification with strategic substitutability across intermedi-
ate goods implies § = (1 —6) < 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



Remark 5. While y can be driven entirely non-fundamentally, this does not preclude y from being
driven by fundamental sources of fluctuations as well.

In a beauty contest in which agents condition on an endogenous signal, the sentiment
equilibrium follows from verifying a conjecture that y is stochastic. These results estab-
lished for this equilibrium do not depend on whether y is stochastic as a result of funda-

mental or non-fundamental sources.

4 Monetary Policy with Calvo Wage Rigidity

In this section, I introduce the following deviations from the standard New Keynesian
framework to study the effect of monetary policy under information frictions. 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, one that confounds aggregate and idiosyncratic demand for their good. Mo-
nopolistically competitive firms choose quantity produced, a response that is characterized
by strategic substitutability through the effect of the real wage on marginal cost. As before,
tirms’ decisions are interdependent, as they make production decisions before demand is
known. In addition, they condition production on an endogenous signal that confounds
idiosyncratic demand (¢; ;) and aggregate demand (y:). Monetary policy follows a simple
Taylor rule that targets wage inflation and output.'

There is a rational expectations equilibrium, pinned down by a value for output volatil-
ity 02, in which beliefs about aggregate demand are self-fulfilling and v; is stochastic, al-
though no sources of exogenous variation are assumed. Monetary policy will affect equi-
librium outcomes through an alternate channel. As the stance of monetary policy affects
the equilibrium real wage, it determines how firms respond to aggregate demand. Let-
ting ¢ and ¢, denote the Taylor rule coefficients for wage inflation and output gap and

following the notation in the previous section,

B = f(o7, dy).

To the extent that monetary policy affects firms’ use of information, it will influence the pre-

cision of the endogenous signals they receive. Information frictions provide a new channel

more than proportionate response of y; to y is moderated by the endogenous signal, if it is weakly related to
y. Thatis, if § > 1, then oy > 0if A € (7%7,1)

12For the flexible wage case, see Section (A).

13 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
rigidity and the policymaker seeks to stabilize price inflation.
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for monetary policy to affect aggregate outcomes, challenging some standard results of the
New Keynesian model regarding stabilization policy. First, information frictions introduce
a new tradeoff between stabilizing output and inflation, without mark-up shocks. Second,
the Taylor principle is no longer sufficient to rule out indeterminacy.

The baseline model presented here abstracts from any fundamental sources of fluctua-
tions in order to demonstrate the role that information frictions play in generating aggre-
gate volatility. However, technology shocks will be introduced in Section (6) to show that
the unconventional effects of monetary policy are derived from information frictions, and
not the non-fundamental nature of the shocks. The essential feature of this model is that
tirms make decisions before shocks are known, conditioning on an endogenous signal that
confounds aggregate and idiosyncratic demand.

4.1 Households

Following Erceg et al. (2000), consider a continuum of households, indexed by i € [0,1],
each of which specializes in one type of labor which it supplies monopolistically.'* The
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.

4.1.1 Optimal Wage Setting

Consider the wage chosen by a household that is able to re-optimize. Household i,

supplying labor N;;, chooses wage W; ; to maximize utility, '

max [E;
it

00 1*’)/
2. (p0u) (% +¥(1- Nz-,t+k|t>)] - 4)

Let Cj; ¢ and Nj; iy, represent the consumption and labor supply in period t + k of a
household that last reset its wage in period t. Household i's consumption index is given

by

1 % -1 i1
CZ/t g |:/0 €l-,], /], d]} 7

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

14Alterna’cively, 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.
15See appendix section (C.6.1) for robustness to alternate preferences on labor supply.
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distributed (¢;; = logej; ~ N(0,02)). The exponent on €j+ is intended to simply expres-
sions.

As the Calvo type wage setting is a constraint on the frequency of wage adjustment,
equation (4) 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 (4) 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 _ (Vi ewN 5
bkl = tks 5)

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

Pyt Gkt + Bk d Qiskt k1 Diprse ) < Dipgeie + WipNiprpe + g (6)

where D,y 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 k{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; ;. 11; represents
dividends from ownership of firms.

The first order condition associated with this problem,

- WiTt Ew .
Z Nit 11t Ue (Cipiftr Nipie) s TMRSipihe )| =0,

(c,w_

Un(C;, ;
where U(C,N) = $— (1-N), U, = ac' and MRS;; y; = _UcECZ::IZ l:::)) Log-

linearizing this expression, an approximate expression for the optimal wage,

* € -
w;; = log (s i 1) (1— Bow) Z t(mrs; tk|t T Prik)-
w —
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, wy, as they face the same problem. An alternative expression for the optimal nomi-

16See appendix (C.3) for intermediate steps.
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nal wage chosen by monopolistically competitive households households who can adjust

in time t is given by

wy = BOyEH(wi 1) + (1 — Bby)(wr — [1 - gwq’]_lﬁ?))/

(7)

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

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

L
W = { / W, t‘el‘)di} ,
0 7

the evolution of the aggregate wage index is given by

1

Wi = (B W5+ (1= 0 (W) 7] T

Log-linearized around a zero wage inflation steady state,
wy = Opwi_1 + (1 — Oy)wy.

Combining (7) and (8) yields the wage inflation equation

= BET — Awfly,

(1_910)(1_15910)

where A, = Pelitenr)

is a measure of wage flexibility.

(8)

Optimizing consumption inter-temporally for a household that last reset its wage in

t—k,

Uc(Cri1, Nejaje—k) Py
Ue(Cr Nyex)  Proa |

Q: = BE;

©)

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;), which have not been realized.
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4.2 Intermediate goods firms

A continuum of monopolistic intermediate goods producers indexed by j € [0, 1] decide
production level Y;; before knowing idiosyncratic demand (¢; ;) or aggregate 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 may be interpreted
as early orders, advance sales, or market research, and captures idiosyncratic preference
for good j, as well as the household’s belief about aggregate consumption. Let loge;; ~
N(0,¢2) and if Z; is stochastic, conjecture log Z; ~ N(¢o, 02),

Sip=eNZih (10)

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;; = AN,

S

1—1
maxlEt {Ptyj,t Q(Gj,th)

Y

W
p— ZtY]/t‘S]’t:| .

The firms’ first order condition is

1 Lt Dy ?
Y, = {(1 _ 5) AE; (e;’tytemsj,t)} . 1)

Log-linearizing (11) around the steady state,
it = Eulgje + §r — 0 [s)]. (12)

Higher aggregate demand affects firm j’s optimal production decision in two opposing
ways: while it implies an increase in demand for good j (strategic complementarity), the
real wage will be higher (strategic substitutability through marginal cost). The first 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 rational expectations equilibrium may
not be unique if firms condition production on an endogenous signal containing aggregate
and idiosyncratic demand.
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4.3 Central bank

A credible central bank commits to setting the nominal interest rate to target wage infla-
tion and output,”

it = p+¢n7y + Pyl (13)

4.4 Timing

Letting Z; denote households’ belief about saggregate demand and ¢;; represent id-
iosyncratic preference for good j, the timing of this model is as follows:

1. Households form a labor supply schedule (N;(Z;)) and demand schedules for each
good j, (C]"t(Zf, ej,t)), contingent on shocks to be realized.

2. The central bank commits to setting the nominal interest rate on bonds Q;(Z;), con-

tingent on shocks to be realized.
3. Zi, € realized.

4. Firms receive a private signal, capturing aggregate demand and idiosyncratic prefer-
ence for their good (S;; = eﬁtZtl_)‘). They commit to production Y;;(S;;) and hence

labor demand Nj,(S;;) = Yj’tfj’t) , based on an endogenous private signal.'®

5. The goods market opens and Z;, €;; are observed by all agents. P;; adjusts so that
goods market clears (Cj; = Yj;, C+ = Y1), and state contingent contracts are settled:
% = ejzﬁl‘I’Z? for the (1 — 0y) households who have reset wages. I1;(Z;) and IT¥(Z;)
are consistent with Z;.

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

The key friction is that intermediate goods firms commit to labor demand and output,
based on a signal that confounds aggregate demand and firm level demand, prior to goods
being produced and exchanged and before market clearing prices are realized. After pro-
duction decisions are made, the goods market opens, demand is realized, and prices adjust
to clear the market.

7Section B.2 shows that the results extend to the case of price stickiness and a policymaker who targets
price inflation. In a model with staggered wage contracts and completely flexible prices, a policymaker can
attain the Pareto-optimal social welfare level by stabilizing wage inflation (Erceg et al. (2000)).

I8Firms can not write state contingent schedules for their labor demand, otherwise this would remove the
possibility of sentiment-driven fluctuations.
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4.5 Rational Expectations Equilibrium

Definition 1. A rational expectations equilibrium is a sequence of allocations {C(Z;),Y(Z;),
Ci(Zt,€1),Yi(Zt,€j4), N(Zt), Ni(Z,€j), T1(Zt) }, prices { Py = 1, Pi(Zy, €j4), We = W(Zy), Qr =
Q(Z+)}, and a distribution of Z;, F(Zy), such that for each realization of Z;, (i) equations (7), (9)
maximize household utility given the equilibrium prices Py = P(Zt),Pj,t = P]-(Zt, e]-,t), W =
W(Z;), and Q¢ = Q(Zy) (ii) equation (11) maximizes intermediate goods firm’s expected profits
for all j given the equilibrium prices Py = P(Zy), Wy = W(Z;), and the signal (10) (iii) a credible
central bank commits to setting the nominal interest rate in response to wage inflation and output
(13), Qt = Q(Z:) (iv) all markets clear: Cj; = Yj;, N(Z;) = fNj,t dj, and (v) expectations are
rational: household’s beliefs about Wy, Py and 117, I1; are consistent with its belief about aggregate
demand Z, and Yy = Zy, so that actual aggregate output follows a distribution consistent with F.

Restricting Y; to the class of Gaussian random variables, there exist two rational expec-
tations equilibria. The first is a fundamental equilibrium, where aggregate output and prices

are all constant!’

and where beliefs about aggregate demand play no role in determin-
ing the level of aggregate output, while the second is a sentiment equilibrium where beliefs
about aggregate demand can be self-fulfilling, leading to fluctuations in aggregate output,
the volatility of which is endogenously determined.

A rational expectations equilibrium satisfies the following system of equations. The

wage inflation inflation equation,

where fif = puf’ — u® = @} — ¢ denotes deviations of the wage markup from its steady

(1—6x) (1—B6x)

state level and A = is a measure of wage flexibility. Optimal inter-temporal

ew(l"‘ew(P)
consumption is given by the Euler equation (leti; = —InQ;, p = —1Inp),
A . 1. .
Ct = ]:EtCtJr]_ — ;(lt e IEtﬂ't+1). (15)

Firm production, conditional on signal s;; is

]?j,t = ]Et[éj,t + ]?t — QZ’I\JHS]'J], (16)

9Section (6) 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.
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where
sjp = A&+ (1 —A)Zy.
The central bank follows the policy rule
it = 0+ T + Py7.
As there are no savings in this model, market clearing implies
7t = &
The real wage identity can be used to determine price inflation in equilibrium,
Wiyq = W + By — B4ty
Lastly, beliefs about aggregate demand are correct,
Zt = Ur.
4.6 Fundamental Equilibrium

Under the signal given by (10), there is a unique fundamental equilibrium with constant
output, J; = 0. The properties of the fundamental equilibrium are well known; if we had
assumed exogenous sources of fundamental variation, such as technology or markups,

then these would be the drivers of fluctuations in aggregate output in this equilibrium.?’

4.7 Sentiment Equilibrium
4.7.1 Effect of an iid shock to sentiments

When firms condition on an endogenous signal (10), there also exists a sentiment driven
equilibrium where aggregate output, 7, is stochastic and corresponds to believes about
aggregate demand Z;. To analyze the effect of an iid shock to sentiments on the volatility of
output in a equilibrium where sentiments are self-fulfilling, conjecture 2, ~ N(0,¢2) and

policy functions for ¢;, @}, 7;, and 7}’ where the state variables are Z;, @] ;. The following

20See section (6).
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policy functions verify the conjecture”!

Cr = Zy, (17)
1+ A%
)\w(P
wo__ S
1+ M%) + 14+ A
= — (1 + A7) + Py w) 2+ D], (20)

14+ Awop¥

Note that for a reasonable parameterization of the CRRA parameter (y > 1) and Taylor
rule coefficient for output (¢, > 0), the real wage increases in response to a positive senti-
ment shock. This occurs through a decrease in price inflation that exceeds the decrease in
wage inflation.

Firm j’s optimal production decision (16), incorporating the relationship between the
real wage and sentiments (18):

Y1+ Awd) + ¢y
1+ )\w(l)%}

Aw

y’\]',t = ]Et é\j,t -+ 1-0 2t|8]"t P (21)

where a, = aa_z;{. From (11) and (12), the coordination motive of firms (B; in the beauty

contest model of the previous section) 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 the strategic interaction among firms, parameterized by co-
efficient 1 — 0ay (9%, ¢y, Aw). Conditional on signal s;; = A&;; + (1 — A)Z;, the firms’ best
response is

. Aci+(1—A) (1—0ay) o7
T T A2+ (1— A)202

(A&jp + (1= A)2p). (22)

Summing across firms, aggregate supply is

o AcE4+ (1= A) (1 —bay) o?
M TN+ (1- M)202

(1—A)2

21Gee section (C.2).
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In equilibrium, beliefs about aggregate demand are correct (§; = Z;), which implies
0,2 — 0_2 — i ( ) (23)

The volatility of sentiments and hence output is determined by structural parameters. In
a rational expectations equilibrium, monetary policy affects the optimal response of firm
production to aggregate output, which has implications for the precision of the endoge-

nous signals firms receive.

Proposition 2. 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,

Tor(T+ M) + ¢y (1-4)%60°°

(24)

MI=2) 52 iss value under the flexible wages (see section A.19).

2
As ¢¥ — o0, 07 — -0 %

In a model with sticky wages and a central bank that targets wage inflation, the mech-
anism through which a sentiment shock is realized is inter-temporal. For a positive sen-
timent to be self-fulfilling, the real interest rate must fall in order for households to shift
consumption to the current period. In this framework, the real interest rate decreases in one
of two ways, either through a decrease in the nominal interest rate (which occurs if there
is a decrease in wage inflation), or an increase in expected price inflation. Which com-
bination of these changes will take place for a given sentiment shock to be self-fulfilling
depends on the parameters ¢%, Ay, v, which respectively parameterize the extent to which
the central bank targets wage inflation, the degree of wage flexibility, and the risk aversion
of households. See Appendix (C.5.1)-(C.5.4) for a discussion how these parameters affect
non-fundamental volatility. As these parameters affect how the real wage changes in equi-
librium, they influence how much of their signal firms attribute to aggregate demand.??

Consider the process by which a positive shock to sentiment is self-fulfilling in this
model. A belief about increased aggregate demand is self-fulfilling through a decrease
in the real interest rate, not solely through an increase in the real wage. Instead, what hap-

pens to the real wage is a consequence of how the real interest rate changes in order for a

22In a model with flexible wages (see section A), a positive sentiment shock is self-fulfilling solely through
an increase in the real wage (which implies that the price level falls, given a nominal wage). As the price level
falls, households increase consumption and supply more labor. As the real wage increases, and all else equal,
firms decrease production. However, if firms condition production on an endogenous signal of aggregate
demand, there is an equilibrium level of output volatility such that firms misattribute enough of their signal
to idiosyncratic demand, that aggregate supply equals beliefs about aggregate demand that households hold.
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sentiment shock to be fulfilled.
On the demand side, by the IS relation (15), in order for households to increase consump-
tion, the real interest rate must fall. In this model, the real interest rate,

re =1t — B¢ty g,

falls in one of two ways: either the nominal interest rate falls and/or expected price infla-

tion increases (current price level falls), as

Etti i1 = Eepror — pr

Expected price inflation is no longer zero in response to an iid sentiment shock if the central
bank targets wage inflation, but is equal to the real wage (20). In this model, for expected
price inflation to increase, either the real wage increases or the current price level falls.
Next, for a central bank that targets wage inflation, the nominal interest rate decreases
when wage inflation falls. By the New Keynesian Philips Curve for wage inflation, for
wage inflation to fall when aggregate demand increases, the real wage must increase.
These effects can be verified by the policy functions (18-20). Following a positive senti-
ment shock and for reasonable parameterizations (y > 0,Ay > 0,¢y > 0,¢7 > 0), the real

wage increases through a decrease in price inflation that exceeds the fall in wage inflation

9 Y4
(% < a_ztt)/
oy omp Y1+ Awdy) + Py
th - th 1 -I-chp%] '
>0
On the supply side, the real wage increases (%—Zﬁ > 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 senti-
ment shock will be to reduce production (see (21)). In other words, firm production is char-
acterized by strategic substitutability. By Proposition 2, there can be a rational expectations
equilibrium where Z; is stochastic, and any realization from a distribution parameterized
by ¢? clears markets.

Next, consider how equilibrium outcomes are affected by wage flexibility and the re-
sponse of monetary policy. The parameters ¢%, Ay, and -y affect the degree to which a
fall in the nominal interest rate substitutes for an increase in the real wage, required for
a positive sentiment shock to be self-fulfilling. In summary, an increase in wage flexibil-
ity and a stronger response to wage inflation both have the same effect of mitigating the
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degree to which the real wage rises when beliefs about aggregate output increase. To use
the terminology of section (3), firms’ actions 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 actions. In equilibrium, this affects the precision of the signals that
firms receive (¢2).

A strong response to wage inflation (¢%) caps the amount by which wage inflation needs
to decrease in order to trigger a fall in the nominal interest rate required for households to
consume what they believe will be aggregate output. By (14), in order for wage inflation to
fall when aggregate demand rises, the real wage must increase. However, if the 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. See appendix (C.5.1) and (C.5.4) for details.?

In summary, both wage flexibility and a strong response to wage inflation mitigate the
degree to which the real wage increases in equilibrium. Firm production with respect to
aggregate demand is characterized by less substitutability. All else equal, aggregate supply
will exceed aggregate demand. In order for markets to clear, firms must attribute more of
their signal to aggregate demand (¢ must increase), which will induce them to reduce
output in response. The result is that sentiment volatility must be higher in equilibrium.

Conceptually, a sentiment shock is a demand shock, yet it leads to a co-movement in
the inflation and output that resemble a supply shock. Implementing the flexible wage
allocation through a strong response to wage inflation increases volatility in beliefs about
aggregate output. In an equilibrium where these beliefs can be self-fulfilling, stabilizing

wages increases the volatility of realized output:

80'22 _ /\w(Py )\(1 — 2/\) 02 >0
0P [y(1+Awdf) + ¢yl (1—A)20 ° = 7
a2 w,  A1-2) ,

> 0.

M [T+ Aap®) + )2 (1—1)20

Proposition 3. In an equilibrium with sentiment driven fluctuations, the central bank faces a
tradeoff in stabilizing output and inflation. Equation (19) can be used to derive a relationship

23 Another way to see this is to replace w} in (14) with the real wage identity, and rearranging terms,

w o__ Aw

N

(72t +cr — wp_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.
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between the volatility of inflation and the volatility of output:

(7'2w = —Aw¢y 2(7'2
7T 1+)\w¢7u{ vy

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

o 1 Ag¥  A1-2M)
oy(T+ Awg) + ¢y (1= A)20
Oqw =

(T4 2@ [y (1 + Aafp®) + ] (1— A)20 7

As the central bank increases its response to wage inflation (¢%), the volatility of wage inflation
declines, but this comes at the expense of higher volatility of output. Assuming v + ¢, > 1,

ao? iy A1=2A7) ,

0%~ Ty (1 + Aw®) + g2 (1 — )20 ~ 0.

Conversely, the more the central bank responds to output, the less volatile output becomes, but the
more volatile wage inflation is in equilibrium,

0020 _ Myl +2r(1+Aup®)] 1 A1=21) 5
opy  [r(T+2Aw) +¢y> 1+ AwpR (1-2)207° 7

Proposition 4. There is (real) indeterminacy even when Taylor principle is satisfied. In contrast,
by (24), the policymaker can mitigate non-fundamental fluctuations with an interest rate rule that

places sufficiently low weight on wage inflation.

A nominal interest rate rule that responds more than one-for-one to inflation cannot
rule out indeterminacy that arises from expectations of aggregate demand. There is a mul-
tiplicity of rational expectations equilibrium paths for real variables, including equilibria
in which fluctuations are unrelated to any variation in fundamentals. Under a loss func-
tion that penalizes unnecessary variation in output and inflation, some of these equilibria
are undesirable. However, by placing a sufficiently low weight on wage inflation, a poli-
cymaker is able to minimize non-fundamental fluctuations.

The intuition follows from section 4.7.1, which showed that a positive sentiment shock
is self-fulfilling through a fall in the nominal interest rate, which affects how the equilib-
rium real wage increases. For reasonable calibrations (7 + ¢ > 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-
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vary more strongly with sentiment. Thus, the stance of monetary policy affects how firms
to use their signal, with the result that its equilibrium precision increases, precluding sen-
timent driven fluctuations.”* In the case of price rigidity and a policymaker who targets
price inflation, a policymaker can eliminate non-fundamental fluctuations with an interest
rate rule that places sufficiently low weight on price inflation (B.95).

Figure (1) 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 = 1 (log utility), 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 1: Indeterminacy region with information frictions

Darker colors represent regions with larger non-fundamental volatility

Under perfect information, the condition for indeterminacy is given by (see Blasselle
and Poissonnier (2016))

1-p

1 —v)Kp + viy

4)Z7lr]>1_( ‘Pyr

A
— p
where v = ey

oty

By (24), a nominal interest rate rule with ¢ € (=23, —5L) can rule out real indeterminacy.
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Figure 2: Indeterminacy and determinacy regions under perfect information
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5 Constrained Efficient Allocation

Section 4 considered a slight deviation from the full information New Keynesian model:
tirms made production decisions before shocks were known, conditioning on a signal that
confounded idiosyncratic and aggregate demand. The decentralized equilibrium featured
aggregate fluctuations with a non-fundamental source. Moreover, conventionally stabiliz-
ing monetary policy can increase the volatility of these fluctuations. This section considers
the welfare properties of this equilibrium using an appropriate efficiency benchmark.

The constrained efficient allocation is the solution to the problem of a planner who can-
not 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 competitive
equilibrium, and directs firm production contingent on its signal. How firms use their sig-
nal 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.

Comparing the constrained efficient equilibrium to the decentralized equilibrium high-
lights an inefficiency that results from the segmentation of information: the use of infor-

mation by firms affects its aggregation, an externality that firms and policymakers do not
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internalize. While this benchmark abstracts from policy instruments to identify the best
allocation that satisfies feasibility constraints, the efficient allocation will have a realistic
policy counterpart.

First, consider the social planner’s problem in an equilibrium with non-fundamental
fluctuations. Restricting the set of solutions for output to Y; ~ N(¢p, 03), the planner
chooses the mean and variance of output to maximize expected household utility. Optimiz-

ing over 2, the social planner is able to choose between the fundamental and sentiment

Cl—'y N1+q>
max [E; t — -t
¢o(B),02(B) I—v 1+¢

subject to the following constraints,

equilibria,”

Yj,t - FS]'B,tl (25)
Sis = €Nzl (26)
1 % 90%1 ) %
m:<4%%J@) , (27)
Y;; = ANj;, (28)
1
Ne= | Njedj, (29)
Yi;=Cj (30)
Y; = Cr. (31)

By (25) and (26), the planner directs firms’ actions depend solely on their own information
set. Aggregate output and labor are (27) and (29), while production and market clearing
are given by (28), (30), and (31), respectively.

The social planner has the choice of directing each firm to condition on their signal (S; ;)
with weight B. If B > 0, then the planner is subject to an additional implementability

constraint,

Y = 74,

which requires B = ﬁ Otherwise, the planner can direct firms to not weight their signal

BRestricting Y; ~ N(¢g,02) may rule out other solutions. As the social planner’s problem is concave in
02, the solution is unique.
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(B = 0), in which case 02 = (75 =0.

Proposition 5. If in equilibrium with endogenous signals, implementability (B = ﬁ) implies

that optimal mean and variance for output is given by

. _ 1[1+(9—1)AB]202
072 9(6-1) e’

. 2 1+
o2 :—(1+¢)2_(1_7)2 {h\(ﬁ)+(1+qo)an2—(1—'y)an1 ,

where

11’11(1 = 4)6,

Inx, = %(AB)ZUS.

See section (C.7).

Proposition 6. For reasonable calibrations (y > 0, > 0), the optimality of non-fundamental
fluctuations depends on 0, the elasticity of substitutability between goods. In the case of

o (perfect substitutability) elirn Inx; = Inxy,
—00

(722* <0,

o (perfect complementarity) %in% Inx; > Inxy,
ﬁ
, 02 > 0.

See section (C.7).

Under perfect information, steady state output is a function of idiosyncratic 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 (27).

In an equilibrium in which firms condition production on their signals, firms misat-
tribute some idiosyncratic demand to aggregate demand, resulting in some loss of expected
household utility of consumption. x; relative to x, measures how much information fric-
tions (captured by AB = ﬁ) decrease [E(Cy) relative to IE(N;), with implications for the
optimality of ¢2. For 6 € (1,00), k1 exceeds «,, and approaches it when 6 — oo (perfect
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substitutability).”® When goods are highly complementary, (¢ — 1), and if households
derive utility from variety of consumption, then reducing the responsiveness of firms to
idiosyncratic demand with information frictions is desirable. Thus, a positive level of 02 is
optimal.

The optimality of fluctuations also depends on household risk aversion relative to Frisch
elasticity of labor supply. As output is log normally distributed, fluctuations in aggregate
output (02) represent risk.

For reasonable parameterizations of v, ¢, and 6, the allocation in the decentralized equi-
librium is constrained inefficient: there a mapping from signals to actions that improves

upon the decentralized equilibrium, which features no sentiment driven fluctuations.

Proposition 7. The steady state output of the equilibrium with non-fundamental fluctuations (B =

ﬁ) exceeds its counterpart in the equilibrium without such fluctuations,

1 ol
200-1)¢0’

spl(n 1 1,1 LAY
%0 (3_1—A)_2(9—1)‘7€§(1+(6 1)1—A>'

¢37(B=0) =

See section (C.7.1).

5.1 Sources of inefficiency in the decentralized equilibrium
5.1.1 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 - %) %D 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 produc-
tion to equate marginal cost and price. This term is missing in the social planner’s steady
state output, as the setup abstracts from prices and downward sloping demand for firm
level output. The planner’s problem considers the firms” use of productive inputs condi-

tional on information frictions, and its implications for household welfare.

26 Although 6 € (0,00), assume 8 > 1,as 0 < 6 < 1 is inconsistent with taste for variety and with firms’
second order conditions.
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The effect of information frictions on steady state output is captured by the next term,

2
m(rg [% + %%] . 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.

5.1.2 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 processes available information. In the de-
centralized equilibrium with information frictions, firms respond to their signal with the
following weight (22),

A2+ (1—6ay) (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 (722 > 0, then fluctuations
in Z; are important for firms, since they affect marginal cost through the real wage. Firms’
actions will reflect this component of their signal. In addition, due to the endogeneity of
the signal, 02 affects the precision of the signal. As a result of correlated signals, correlated
actions by firms leads to aggregate fluctuations in output. In the aggregate, the actions of
tirms 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 = 1in the model (21).
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in the New Keynesian model creates an informational inefficiency in a model in which

nominal rigidities and information frictions co-exist.

5.2 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 coordination in firm production, thereby determining
the degree to which the business cycle is driven by non-fundamental forces. By the same
reasoning, the nominal interest rate can be used to minimize non-fundamental fluctuations.

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-
ticient allocation, a policymaker can implement this allocation using the nominal inter-

est rate. By (24), a simple interest rule that targets inflation sufficiently weakly, with

P < vify , can approximate the constrained efficient allocation. This finding qualifies
the Taylor principle, whereby a more aggressive response to inflation is stabilizing. The
presence of information frictions introduces non-fundamental shocks, while an aggressive
response to inflation can be destabilizing, as it increases the volatility of output driven by
such shocks.

A monetary policy stance that allows wage inflation to adjust with changes in beliefs
about aggregate demand allows firms to place less weight on others” choices, and to rely
more on their own signal as information about the fundamental. The aggregate action
across firms is captured by the endogenous signal, which becomes more precise.

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 information is exoge-
nous. In that case, optimal monetary policy replicates the flexible-price allocation. How-
ever, 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.
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6 Productivity shock

The previous section has shown how monetary policy that targets inflation strongly
can increase the volatility of sentiment-driven fluctuations, which arise under a minor
deviation from the perfect information benchmark of a standard New Keynesian model.
However, in reality, aggregate fluctuations are not likely to be driven entirely by non-
fundamental sources. A natural extension is to consider the robustness of these results
to the case where aggregate output also consists of a fundamental component, an unob-
servable 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 output Y; and (2) endogenous signals S ; that capture Y;. Therefore, whether Y; is com-
prised of non-fundamental or fundamental components does not affect the conclusions: (1)
non-fundamental fluctuations introduce a tradeoff between stabilizing output inflation (2)
policy that seeks to stabilize wages amplifies output volatility and (3) non-fundamental
fluctuations are not efficient. The stance of policy will also affect how technology shocks
affect aggregate output. However, in contrast to the baseline model, as long as the policy-
maker is unable to distinguish non-fundamental fluctuations from those with fundamental
sources, it is unable to completely eliminate them.

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

prised of both fundamental shock (A;) and a non-fundamental component ({¢),

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

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

w, 1
L =_77
p, v (32)

Household demand for good j is given by

0
P
Yj,t = (P—tt) €]',th. (33)



In this extension, the firms’ production function also depends on an aggregate productivity
shock,

Yj,t - Ath,t- (34)

The firms’ first order condition, incorporating (32), (33), and (34)
6—-11 1 1, 6
Yj,t = (IE T‘?Gj,tzt At ’S]‘,t . (35)

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

and idiosyncratic demand,
_ A gl-A
S],t — €]lt Zt .

Aggregate output is given by
0
-1 1 771
Yt = |: Y.,tf’ e]e,t d]:| . (36)
s Finally, in equilibrium, households beliefs about aggregate demand are self-fulfilling

Zy = Yt.

6.1 Flexible wages
6.1.1 Certainty equilibrium

Under complete information, and following from (35) which incorporates household la-
bor supply, demand for good j, and firm j’s production function, firm j produces optimally

according to

Y

0—11 1_1_ 0
],t:( —¢€! Ytg 7At> .

6 ¥ it

Conjecture aggregate demand to be driven by both technology and a non-fundamental

component.

Yt - e(fJO A;PW gtl
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where ¢y (the steady state of log Y}), y,, and Ug are to be identified. Substituting firm j’s
optimal production into (36), fluctuations in aggregate output depend only on exogenous
changes in technology,

Proposition 8. When firms perfectly observe shocks € and Ay, there is a certainty equilibrium in
which Y; responds only to fluctuations in technology. v = log Y} has mean and variance

ar _ 1] (0211 PP S
e AU 200—1)7¢|"

1
2 2
o, = —0;.

The relationship between output and aggregate technology is Py, = “lr and output is not driven by

any non-fundamental sources ( O'g = 0).

6.1.2 Sentiment equilibrium

Information frictions are essential for an equilibrium in which fluctuations in aggre-
gate output contain a non-fundamental component. To demonstrate this, consider the case
where firm production is conditioned on a signal that confounds aggregate and idiosyn-

cratic demand, S;; = ej-‘tZ}_A,

1 1 1p o
(o)t )]

As before, conjecture aggregate demand to be driven by both technology and a non-
fundamental component, where ¢y, Pya, and aé are to be identified,

Yt = e(POA;Pyagt.

Proposition 9. Let A € (0, %) When firms condition output on an endogenous signal, Y; features
fluctuations from both fundamental and non-fundamental sources, A; and ;. Aggregate output,
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_ 2 . . . .
yt = log Y ~ N(¢o, o), is stochastic, with mean and variance

A g (0= 5 Qs 1 51 61 A 2
=518 "5 v 2 T20—1%\8" 8 1A
1

As in the baseline model without technology (A.19), the volatility of non-fundamental fluctuations
is

1
R )
(7'5 = %(TZ
where 52 = ﬁ (1 — %) o2. Aggregate technology affects aggregate output by
o = 1
ya v
See Appendix (D).

Aslong as endogenous signals capture aggregate demand and firms are unable to distin-
guish between its fundamental and non-fundamental components, their signal extraction
problem will entail misattributing some idiosyncratic demand, ¢;; to aggregate demand,

yt, which leads to sentiment driven fluctuations as in the baseline model.

6.2 Calvo Wage Rigidity

The equilibrium conditions in sections (4.1) - (4.5) are maintained in this extension, with
the exception that A = Ay and Z; = f({t, At).

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

14+ ¢%A )2
2 2 T/vw 2
o, =07+ ;.
4 ¢ (')’(1 4)%})\70) by !

The volatility of non-fundamental fluctuations is

2 — 1+¢7Aw 1
C T (14 ¢%Aw) + ¢y 0

~2
z7
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where 72 = 2 (1 — ﬁ) o2. Aggregate technology affects aggregate output by

o= —SuPr—p)+ A =pp)1=p)
v =) + ¢y (1 - Bp) + 1Aw(¢¥ — p)

See Appendix (E).
As ¢p¥ — oo, 02 approaches its value under flexible wages,

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-
— 7(H¢rre) +¢y

fulfilling, stabilizing wages increases the volatility of realized output. Letting a,, = —— e
80'2 7 1 2 ) aﬂw
84);{ = — (Zaaa + 9(72 w ) BQT?{' (37)
do? 5 1., 5\ 9a
a)éu = — (Zafaw‘?’ + 5(722%2> ﬁ (38)
Since g{‘;g;, = —@;”% <0, aq;w > 0. Wage flexibility will have the same effect on
non-fundamental volatility: ﬁ >0, as gﬁz = —%% < 0.

Stabilizing output increases the volatility of wage inflation,
aa§W_( Awopy )2{ 1 a2(£_i8aw)+205 (l_iaa_wﬂ
Py, 14+ A% Oay “ \ ¢y aw Py ¢y awopy )|’

Note that 347 > 0, since

10 1 1
! b — — _ > 0.

¢y awopy ¢y Y1+ PFA) + Py

We can summarize these findings in the following proposition.

Proposition 11. In an equilibrium with sentiment driven fluctuations, the central bank faces a
tradeoff in stabilizing output and inflation. Equation (E.151) can be used to derive a relationship
between the volatility of inflation and the volatility of output,

Awp 2
2 wyYy 2
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Expressing O’yz and o2, in terms of model parameters,

1 1
2 ~2 2
o5 = —0-. + —0 ,

y Qaw z a%u a

Aoty >/ 1 1
2 wPy ~2 1 9
Orw = <1+Aw¢%}> (eawaz+azzvaa>.

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 volatility of output (37),

do?

== > 0.
903

Conwversely, the more the central bank responds to output, the less volatile output becomes, but the

more volatile wage inflation is in equilibrium,

902,

— > 0.
Iy

The dynamics of this extension follow those in the baseline case: the more the policy-
maker tries to stabilize wages, the less responsive is the real wage to beliefs about aggregate
demand. The responsiveness of the real wage affects how firms use their information. In
the aggregate, this increases the responsiveness of output to A; and ;, amplifying both
non-fundamental and fundamental shocks. As the policymaker tries to stabilize output, it

amplifies the responsiveness of inflation to these shocks.

7 Conclusion

A principle uncertainty in monetary policymaking is the source of shocks that perturb
the economy. Given the important role that monetary policy plays in shaping macroeco-
nomic developments, its optimal response to fluctuations driven by exogenous changes in
fundamentals, such as technology and preferences has been well-studied. However, fluc-
tuations with a non-fundamental component can also arise in a model that deviates only
slightly from the benchmark New Keynesian model, qualifying the positive and normative
implications of monetary policy.

In assuming that firms condition on endogenous signals to decide production (pricing)
before shocks are known, this model allows for an alternate channel through which mone-
tary policy affects outcomes. Through its effect on aggregate variables, the stance of mon-
etary policy determines the precision of endogenous signals that firms receive, and conse-
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quently, the degree of coordination in firms’ production (price setting).

As a result, the distribution of non-fundamental shocks is no longer independent of
policy, introducing a novel tradeoff between stabilizing output and inflation. The Taylor
principle is no longer sufficient to guarantee determinacy. Conceptually demand shocks,
the non-fundamental shocks considered in this paper lead to co-movements in aggregate
variables resembling a productivity shock. Responding strongly to inflation increases the
variance of non-fundamental fluctuations, which are shown to be suboptimal. This chan-
nel allows us to consider the informational efficiency of policy, and how it interacts with
allocative efficiency, yielding different conclusions about the optimal design of monetary
policy. From the perspective of a social planner who has neither an informational advan-
tage relative to firms, nor the ability to centralize information that dispersed among agents,
non-fundamental fluctuations are not efficient. These results are robust to the introduction
of fundamental shocks, such as productivity.

Taken together, the approach of this paper is to re-consider the sources of fluctuations
and the role of policy. Contrary to the standard framework whereby monetary policy re-
sponds to shocks, policy itself can be a source of extrinsic variation. This implies that
macroeconomic models used to evaluate policy may not be truly structural, as the rational
beliefs that agents hold about expected outcomes are not invariant to policy.
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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
rr}\?x log C; + ¥ (1 — Ny),
t

subject to budget constraint

Wi IT;
Ct < —Ni+ —,
F= P ' Py
where C; is aggregate an consumption index, —I;,th is the real wage, —E,Itf is real profit income

from all firms, ¥ is disutility of labor. Their first order condition is

1 W
Ct = ‘??t’ (A1)
where
0
1 % % ‘ﬁ
C = { /O e!,C;i 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 (e;; = loge;; ~
N(0,02)). The exponent § on €j,+ 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
by
Cir= 15| Ceejy. A3
It (Pj,t) t€],t ( )

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

L\
Pt = ([) €]‘,tP]‘,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)

0
_ [ P(Z)
C],t(Ztle],t) = (m) Ct(Zt)e],t, (A.4)

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

Py (Zt) = (A.5)

Note that Ht(Zt) = Pt(Zt)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;; that may be interpreted as early orders, advance sales, or market research,

A 71—\
S]"t — e],tZt ’

where logej; ~ N(0,07) and log Z; ~ N(¢, 02).

Given the nominal wage, intermediate goods producers choose Yj ; to maximize nominal

profits (I1;; = P;;Y;; — W;N; ;) subject to production function (Y;; = AN;;) 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 (P;j ;) using (A.3), firm j’s problem is

D=

1
maxlEt |:PtY1 9(€]’,th)

Wi
a it - Zyj,t|sj,t] ,

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

1\ . -1 . W,
(1 — 5) Yj/t"]Et [Pt(G]',th)e‘S].,t] =

Rearranging terms,

1 1 Pt 0
Yj,t = 1-— 5 AIEt (ej’th)GWt|Sj't , (A6)

Substitute P; with the household’s first order condition, Py = \ll,%f, where Y; = C; due to
the absence of savings in this model. As nominal variables are indeterminate in the flexible

wage extension, the nominal wage can be normalized to 1,

INA 1 14 0
Yj,t — |i(1 — 5) ?Et[eﬁtyte |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.

A.3 Timing

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

1. Households form labor supply schedule (N;(Z;)) and demand schedules for each
good j, (Cj’t(Zt, ej,t)), contingent on shocks to be realized.
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2. Zy, € realized.

3. Firms receive a private signal of aggregate demand and idiosyncratic preference for
their good (S;; = ;:tZtlf/\).

4. Firms can not write contingent schedules for their labor demand, otherwise this
would remove the possibility of sentiment-driven fluctuations. Instead, firms must
commit to production and hence labor demand, based on an imperfect private signal.

They produce Y;;(S;;) and demand labor N;,(S;;) = M

5. Goods market opens. Zi, €;; observed by everyone. P;; adjusts so that goods market
clears (Cj; = Yjt, Ct = Vi), and Py = ‘IJLZt

A4 Equilibrium

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

given by
0
161 e
0= [fda] w2
INA 1 14 o
Yj,t = |:( — 5) ?IE[eﬁthe |S],t]:| , (A8)
Sip = ehzi (A.9)

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

aggregate demand are correct in equilibrium,
Zi = Yi. (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
Pr= g A1
'Sy, (A.11)
1. -1
Pir = (ejY1)?Y; " Py, (A.12)
1 1Y,
= pdj = —=dj Al
N /0 N]’t d] /0 A d], ( 3)
1
Il; = PY; — Ny = ¥ N;. (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,€i4), 11(Zy) }, prices {P(Zt), Pi(Zy,€j4), Wy = 1}, and a
distribution of Z;, 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(Z;), P = P]-(Zt, (—:]-,t), and Wy = 1 (ii) equa-
tion (A.8) maximizes intermediate goods firm'’s expected profits for all j given the equilibrium prices
P(Z:), Wy = 1, and the signal (A.9) (iii) all markets clear: Cit =Y N(Z;) = f N;;dj, and (iv)
expectations are rational such that the household’s beliefs about Py and I1; are consistent with its
belief about aggregate demand Z; (according to its optimal labor supply condition) and Y; = Z;:
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, Yy and Pjy in the fundamental
equilibrium are as follows: From (A.8),

0
1 1
Y = {(1_ %) ée]?’tl/t@ 1] . (A.15)
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Using (A.7), and substituting Y; ; with (A.15),

eyt
Y= /Oej,th,t dj ,

1
INAT L )71

[ 11 1\A 1 14
_ 9 R B A
= /0 € [(1 9) \{fej,th

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

Y} in equilibrium,

1
1 0—1
CF = y* — (1 _ %) é [/0 iy dj] . (A.16)

Using (A.11), the equilibrium aggregate price level is

1

.1 6 1 [ Te
P—w—mﬂ/o efffdf} |

In the fundamental equilibrium, as Y} is known, S; ; reveals €; ; perfectly. Any shiftin €

results in a corresponding change in Y;; without affecting P;;. Substituting the previous

expressions for Y}, Py, and Yj; into (A.12),

vy

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 §J; 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.
1\ A I o
Yj,t = 1-— 5 §IE [Gj’th |S],t] . (A18)
Firm j’s private signal is
Sj,t = ejA’tZtl_)‘

Log-linearizing around the steady state,
Gip = Ee[gjr + (1 = 0)Gtls) 4]
Conditional on its signal, firm j’s best response is

. A+ (1-0)(1- A)UZZS.
YT T2k (1— A2
AcZ+ (1-0)(1— A)o?
= £ 1—A)%).
N2+ (1— )22 (Agj +( )2t)

Aggregate supply is then

1
i = [ B
A+ (1-0)(1—A)o?
T A202 4 (1—A)202

(1— M)z,

In this equilibrium, household’s beliefs about aggregate demand are correct (j; = Z;). This

implies

A+ (1-0)(1—A)o?

1= 1-A).
A202 4+ (1 — A)%0? ( )

The volatility of actual aggregate output and beliefs about aggregate demand are de-

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

28See 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 A(l _2/\) 2

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 (¢?), 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 o2 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.

: -5 s o : :
2 Alternatively, ayz =02 = ﬁ =1 02, where the elasticities of firm j’s production with respect to €j,r and

yt are fo = 1and 1 — By = 0, as in section (3).
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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

1\ Ap by b 6

Letej; =loge;; ~ N(0,07) and z; = (log Z;) — ¢ ~ N(0,02), firm j's signal is
Sj,t = F%tztl_)\.

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

Y

by )
= (lEt[e].,th ys]-,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 1-06
Yjp = (1—0)¢po + 0logE; {exp < g+ 5 zt) ]s] t}

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

ment generating function of normal random variable ( €jp + L zt> |sj+- Then

1 1-6
E; lexp ( gjt+ 0 Zt) lsj, t]
1 —0 1 1 1-46
= exp |:1Ef <§s]~,t + 5 zt]s]t) + 2Var (9 gt + g zt|s]t>}

where

1 1—06 cov(%sjlt + %zt,sjlt)
IEt (58]‘,,5 + TZt Sj,t) = Var(sjlt) Sj,t/ (AZO)

1 2 1-0 2
zAoE + 55 (1 — A)o;
0" "¢ 0 z
(1 — . A21
A202 + (1= A)202 (Agj+ (1= A)z) (A.21)

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

A2+ 581 — A)o? 0
0
Yir = (1 =0)o+ 0% (1 A)ZUZZZ (Aejs + (1= N)zi) + 50, (A.22)
= @o+0u(Aejp+ (1 —A)zp). (A.23)

where

A2+ 12 (1 = 1)o?

(A.24)
@0 = (1—0)po + = Q. (A.25)

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

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

<1 - —) log Y; = log (/ ]etY]tg d]) ,
1 iy
1= 5 ) (9o+21) =logE: (e v,7 ),
1 0—1
= log E; (exp {ée]',t + Tyj,t}) .

Replacing y;; with (C.102) and using the properties of a moment generating function for
normal random variable [ ejr+ 55t [@o + Ou(Aej + (1 - /\)zt)}],

(1 _ 1) (¢o + zt) = log E; (exp [;sth -1 [0+ Op(Aejr + (1 — A)z) }) (A.26)
2

1 0—1 111 6—1

01 01 0—1 1/1 6—-1 2
(T) (o +zt) = 7 (Po+79u(1—?t)zf+§<§+79m) o2, (A.28)

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

(A.29)

0—1 0—1 1/1 6-1 2
=003 (54 St ) o2 (A30)

49



Next, (722 can be solved for in terms of the structural parameters using (A.29) and (C.103)

2 M1-21) o
T -

Rearranging terms for a more intuitive expression,

A 1-
e e G

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

Lle—1r1 A 202
=Pt g1 1| %

Substituting for ¢ and simplifying,

Re” Lle—1r 1 A 202
‘/’0_2 BYtoe g g1 1Al %

As Qs = var (%Ej,t + %zt\sjlt»

B 1 1—06 [cov(%ej,t + %zt,sjlt)]Z
Qs = Var(es]t—i— 5 —z) — var(s;) ,
1 1-—
:(5) ag+( ) y[/\ +—1—A)§},
B 1 2, 1 1,5 1-6 _ 5
-(s) ( ) (e—)P + g,
_ 1 /\ 2y

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

05 = 912 (1—%) (1+(1—9) (—%))ag

(1—A)1=24)+ (O —1)A1—-2A) ,
02(1— A)2 Pe:

Simplifying,

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

Ca-Ae-DA 1
=0 20-D%
——

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*

%) Cl—’Y
maxEg ) B 1f— +¥Y(1-Ny) |,
t=0 -

subject to

0

b by
Ct = {/Ej/tc]'/t d]} ,

/pj,tcj,tdj + QtBr < Bi1 + 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

30For 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 5 on €t is solely intended to
simplify calculations. I'l; 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
C],t = (E) Cte],t' (B32)

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

| \ i
Pt = (/0 ej,tPj,i’d]) ,
and implies f leth,tdj = PtCt.

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

un t Wt
ot 2t B.33
Ui P (B.33)
YC! = E, (B.34)
Py

where %t is the real wage. Taking the log of this expression,
w — pr = ycr +log Y.

Intertemporal consumption is

Ue i1 P )
= BIE - .
Qi =F t( Uet Pria

In logs,

1..
ct = Ercrq — ;[lt — Eimi1 — o).

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-

52



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

0
B Pi(Zy)
C],t(Ztle],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;

Pi(Zy) = (B.36)

Note that Ht(Zt) = Pf(Zf)Zt — Wth.

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,
_ A vI-A
S]’t — S],th .

Lete;; = logejs ~ N(0,07) and y; = (log Yi) — ¢ ~ N(0, 7).
Given an aggregate price index (P), intermediate goods producers choose P;; to maxi-

mize nominal profits

max E; [P;;Yj; — WiNj],

Pj,t

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

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

Cj,t = Yj,t)/
P 6
Y., = St €Y.
]rt (P]lt) ]rt

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

max E; [pﬁt—e Plej;Y; — W,P! P],,—tee]l’t—rYt|Sjlt} . (B.37)

Pj
The first order condition is given by
(1—6)P; PPE:(€;YilSjs) + 6P P, ° By (Wiej, TYi[S;) = 0.

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

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

b _( 4] )]Et[WtE},tTY”S]‘,t]
It 91 Ei[e;;Y:|S; ]

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

P:

— 1
(o) e o
-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. Zy, € realized.

3. Firms receive a private signal of aggregate demand and idiosyncratic preference for
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their good (S = eﬁtZtl_/\).

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,t(P]-,t), so that goods market clears (C]',t =Y, Ct = Y;), and W; = ‘I’Z? 31

B.1.4 Equilibrium

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

signal are given by

L, ]
P — { / & P}; d]] , (B.38)
o Ei[Wiej, "Yils;d]

P = , B.39
-1 Etlej Y|S; ] (B.39)
Sis = €Mz (B.40)

Note that the firm’s price setting decision already incorporates the household’s optimal
labor supply decision, %t = 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

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

0

Py

Yj; = (E) €jtYt, (B.42)
o491 %

Y, = [ / SR gd]} , (B.43)

1 . 1 _T’ .
N; = /O Njdj = /0 Y e, dj, (B.44)
W _ Yy, (B.45)
P
Ht = Pth — WtNt = Yt — WtNt. (B46)

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

Definition 3. A rational expectations equilibrium is a sequence of allocations {C(Z;),Y (Z;),
Ci(Zi,€1),Yi(Zt,€j4), N(Zt), Ni(Zs, ej,t),H(Zt)}, prices {P; = 1, Pi(Zt,€i4), Wi = W(Z)},
and a distribution of Z;, F(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;j; = Pij(Zy,€j;), and Wy =
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 =
Y1, N(Z:) = [ Nj.dj, 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 agqregate 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, P, Y and Py in the fundamental equilibrium are as follows.

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

P — 0 Wte}/t_TYt
HTe—1 €,y

Replacing W; with (B.45),

0 -
Pj,t — mTPiYgej,tT'

Without loss of generality, normalizing %‘I’ tol,
Py =PY/e; . (B.47)

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

nate:

1
-0
P [ [ eutmrzeyal]

1

_ _ . 1-9
= Ue},t " e)df} P/,

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

1
Y, — { / e;’tT(le)d]} e (B.48)

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

_ 1 1-7(1-6)
Yetgo =) o8k i)

As ¢j; = logej; ~ N(0,07), by the properties of a moment generating function for a
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normally distributed random variable,

it o= oo Van([1 — 7(1 - 0)]e;), (B.49)
1 O-t-oP,
DI e

(B.50)

Equating coefficients implies y; = 0 and

.1 (1+1[e—1])?
) R

(B.51)

As expected, output in the fundamental equilibrium when firms choose quantity (A.17),
(y = 1,7 = 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)
P 0
Y= == €Y,
" (P J',t> M

=Y} €] Py,

1+16,1—70
= ej’;rr Y, .
Replacing Y; with (B.48),
1—+6
—(1— (6-1)

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 7; denote Z; and Y; in log devia-
tion from the steady state of this equilibrium, respectively.*” To solve for this equilibrium,
conjecture Z; ~ N (0, 03), where 03 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 ¢? is sufficiently low such that firms

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

32See 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 12. Let A € (0,1). There exists a sentiment-driven rational expectations equilibrium
where aggregate output is stochastic with variance
A T+By ,

02 = T R (B.52)

_ Opt
where B = e

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.

h 0 E[Wiej, "Yi|S;4]

-1 Eilej Yt]Sie]
o EiPe, Tz S;]
-1 Eilej Zs|Sje]

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

supply (B.45). Taking logs,

0 _
pj+ = log (m?’) +log ]Et[Pte}/t TZZ+1|sjlt] — log ]Et[ejlet|s]~,t].

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

pj: = log (%‘I’) + log Et[exp(pt + (1 — T)ejs + (v + 1) (2t + o)) [s),¢]

—log Et[exp(ej: + zt + o) ;]
= log (%‘I’) + o+ A
+logE[exp(B(1—A) + 9+ 1)z + (1 — T)ej s ]
— log Exfexp(ej¢ + zt)]
= log (%‘I’) + 7P+ A+ w + (11— p2)sj;
= @0 + HSj

where

60 0 —-Q
po = log (H‘Y) +’Y<P0+A+1TZ,

= — p2,
m =E(B(L—A)+ 7+ Dz + (1—1)ejsls;il,
1
0O = EVart[B(l — M)+ + Dz + (1= 1)ejils)sl,
U2 = ]Et[gj,t + Zt|5j,t]/

1
0, = EVar[s]-lt + z¢]sj ¢

(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 Z1 — ¢o. 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—6)pt = log Ex[P;; “€;d],
= log E¢[exp([1 —0]pj+ +¢€¢)],
= (1—-0)po+ (1—0)ja(1 — A)z; + log E;[e 1 —01A e

[(1-0)pr+1] ,
201—9) <

A+ Bz =@+ a(l—A)z; +

60



Equating coefficients on z;,
B=qna(l1-A). (B.66)
Evaluating (B.62) and (B.64), we have

(y+B)(1—A)e2 —TtA(1 — A)o?

B = 1—-A),
A202 + (1 — A)202 ( )
which implies33
A T+ B2
cﬁzl_A leﬁ. (B.67)

From equating the constant terms, we have

[(1=8)aA +1)* ,

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

—09)- A 2
4)0:1([(1 0)1=3B +1] Ug—log(L‘P)—Ql_(b),

v 200 —1) 6—1 2

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 Ug, (TZZ, and other parameters of the model,

01— 0 = (1 + B+ (2= )7+ B) = Blo2 + |2+ (s —2)7 — B2 | o2

O

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 (782 > 0, then there
exists a sentiment driven rational expectations equilibrium with §; = Z; where

oy =07 (B.68)

Expression B.67 implies that sentiment volatility is determined by structural parameters,
such as the degree of complementarity/substitutability in actions across firms (7, 7y), infor-

3The relationship between the price level and sentiments is indeterminate in the flexible price case.
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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 (Tg' =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,
tirms” output decision are strategic substitutes. When firms actions are strategic substi-
tutes, the optimal output of a firm is declining in 02 as this leads the firms to attribute more
of the signal to an aggregate demand shock. Since firms” optimal price depends negatively
on the idiosyncratic preference shock €;; and positively on the level of aggregate demand,
Zt, if they are unable to distinguish between the two components in their signal, then there
can be a coordinated over-production (under-production) in response to a positive (nega-
tive) aggregate sentiment shock, such that #; equals 2; in equilibrium if ¢2 is as in (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.

As multiple equilibria arises from coordinated actions when signals are correlated, sticky
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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**

o0 le')’
maxEy ) p' <1t— +¥(1 - Nt)> ,
=0 -7

subject to

[

}cimhy ]
C = [ / e!C, d]} ,

/P]‘,tC]',td]‘ + QtBt < Bt—l + WiN; + Try.

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

where the resulting aggregate price index
1

-0
P = { [ e pj{t@dj]

34See Appendix (C.6.1) for the case where households have a non-linear disutility of labor.

63



implies [ P;+C;sdj = PiCy. The household’s labor supply schedule,

_Unt Wi
Uy, P
Wi
YC! = —,
t Pt

— pt = et +log Y.

Finally, intertemporal consumption is given by

Ue i1 Pr )
— BE A1 _TF )
Q=F t( Uei P

1.,
¢t = Eicpiq1 — ;[zt — E;mtiq — p)s

The representative household chooses labor N; to maximize utility>

T—y
max ——— +¥(1— N;),s
Ny 1—7
subject to budget constraint
Wi I,
< —N; 4 —
G < bV + B’

Wt is

where C; is aggregate an consumption index, the real wage, 1t is real profit income

from all firms, ¥ is disutility of labor. Their f1rst order condition is

1 W
Y -t
=g (B.69)
where
0
1 1 99 -1
Q:ijﬁﬂ . (B.70)

6 > 11is 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 (¢j; = loge;; ~ N(O, 0?). The exponent % on € is solely intended to

$5Specifying 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
= | = g B.71
C],t (Pj,t) Cte],t ( )

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

1 N\
b= </0 €J)fpj,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
- Pt(Zt) .
Cii(Zt,€jr) = (m) Ci(Zi)ejt, (B.72)

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;,

P(Zy) = (B.73)

Note that Ht(Zt) = Pt(Zf)Zt — Wth.

B.2.2 Firms

The firms’” marginal cost is derived from the following minimization problem,

min WtN]-,t,

it
subject to

T
Yi < €Ny
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The Lagrangian is
L= WtN]"t — th(e}-L:tN]’,t — Yj,t)-
Substituting for W; using (B.69), nominal marginal cost is

@ =Ye;'Z/ Py,
¢r = log(¥) — 7€) + vzt + pr.

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

pi=f — / Pl e+ / Ve, dj,
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

9 1 ,
0, / ¢ let ee],td],

Pt(

e],td]

Using these definitions, the aggregate price index is given by

*(1—0
pI=0 = 6,P10 + (1 6,)P;" 7,

1-6 Py '

A first order approximation to (B.77) around a zero inflation steady state yields

e = (1= 6p)(pi — pr-1)-
The firm’s profit-maximizing price is
iy — Pr—1 = (1= BOp)Er[yze — Tejels; ] + Er[me[s)e].
Substituting 7r; with (B.78),

it — Pr—1 = (1= BOp)Ee[yzs — Tejslsjs] + Ei[me]s].
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To find an expression relating the aggregate price level and sentiment (p; (z;)), conjecture
p; = D + u(1 — A)z;. Use the conjecture and (B.79) to find p;f’t
pir = (1= BOp)E[vze — Tejulsj] + (1= 0p)Ee[D + p(1 — A)zelsj] + Oppr—1
— (1= 0,)D + 011 + Ee([(1 = B0,)y + (1= 0,)(1 = A)Jze — (1 — BO,)7ejdls;)

Let pi; = D + psj where

D= (1-6,)D+6,p:_1,

cov([(1 — pbp)y + (1 — 0p)u(1 — M)zt — (1 — POp)Te)s1,54)
var(s; )

U=

Substitute p;, into (B.75) and equate coefficients to find the steady state for pj, and py,
as well as their responses to z;. Taking the log of (B.75) and defining E, asﬁ | X

(1—0)p; =InE, e ¥iteir,

[(1—0)ur + 1]202
21—6) °

pi =D+ u(l—A)z +

Equating coefficients,

1[1-0)ur+1]2 ,

D=p 1+ — o,
Py 2(—0) ¢
16, [(1—0)ur+11? ,
D=p_ 1+ 4 o

Y(1 —A)o? — TAc?
= (1-—p0
#= =B 202 g (1= Ay202

Note that p is close to [E¢[yz; — Tej4|s;j,] if 0, — 1. The more flexible prices are (0, — 0), the
larger is p, and the more pass through of z; to pj 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?
Pip = Pt 0, 2(1-9) e+ 1= 'BGP)/\ZUS +6,(1 - A)zags]’t'

1[(1—0)ur+1]2 Y(1 = A)o? — TAc?

A N 2+ (1—po
=Pty o e e (P Rea e, (1 A

(B.80)

(1—A)z. (B8I)

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,

1-60,[(1—-0)ur+ 1]2 y(1— )\)02 — TAG?
p 2 z €

T = o;+(1— 1-8
i 0 2(1-0) et GP)( ep)/\zaez + 0p(1 —A)202

(1—A)z. (B.82)

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

)

B.2.3 Central bank

The central bank sets the nominal interest rate as a function of price inflation and output
Q! = ‘B—lnz’n + Yf’y.
In logs,
it = 0+ Prrtt + Py

B.2.4 Equilibrium

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

are given by:

1

P = Ue p19d}1_9 (B.83)
t — It it ] ’ .
0=1), glrglEt[Qt,tJrkYtJrkH(ijt — Mipy )], (B.84)

k=0
Sip = €Nz (B.85)

With iid sentiments, (B.84) simplies to

e 0 ]Et[Wte},t_TYde,t]
e ]Et[Ej,th|5j,t]

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

gregate demand to be correct in equilibrium,
Zi =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, === e, B.87
| T
Y, = [/ Y 9d]} , (B.88)
N; = / N;dj = / i€ dj, (B.89)
_ Y
Pt =YY/, (B.90)
I, = P,Y; — W,N; = Y; — W;N,. (B.91)

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+ Py

4)” Zt, (B92)

T = —

while the New-Keynsian Philips curve (B.82) describes another relation. In a sentiment
driven equilibrium, the ¢ that satisfies both relationships is

o

2 —A(1-B0p)(1-0p) ¢n o

;= ) N 7, = og. (B.93)
VT {=p6,)(1-6,) x

Proposition 13. 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 Tty
A TT 1368, ¢
2 pAp Pn 2
UZ = + Ue/ (894)
T2 il
where Ay = My. See section (C.5).
P

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 ¢ 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 ¢ — c0or A, — o0,
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,

A1yt
ST Ao, T

(B.95)

Figure (3) shows the indeterminacy region for a model with g = 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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Determinacy

0.5 b

In the absence of non-fundamental fluctuations, the condition for indeterminacy is given
by (Bullard and Mitra (2002)),

1—
<,‘bn>1—T4>y,

where k = A,7.
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Figure 4: Indeterminacy and determinacy regions (Bullard and Mitra (2002))
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Proposition 14. 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
between the volatility of inflation and the volatility of output,

A= (Tt

7T

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

0y = 1/\/\T_ﬁ%i;$jy<7§,

R v =
2 (7+4’y>2 A T_%ﬁy;jygz
s ¢r 1=A ’Y‘i‘/\lpv;fy €

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

declines, but this comes at the expense of higher volatility of output. Assuming ¢, > ﬁ ﬁ 74;% ,

72



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

o 0
— > U
0P
Conversely, the more the central bank responds to output, the more volatile price inflation is in
equilibrium.
Rleg
= > 0.
Iy
Asin B.92, let %—7;: = —%. Assuming ¢, > ﬁﬁ %;gby , so that we are in an equilib-
rium with non-fundamental fluctuations ((Ty2 > 0),
) A__y on Ay
0oy _ A, <a[£l> Ttragn e | Tk | o
T 1= € 0 )

2
The same is true for price flexibility, g%} > 0.

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 |si],
———
xj

sj = wagj+ By + vj.

Note that s; = x; + v;. Agent j’s optimal response depends on an idiosyncratic iid shock
ej ~ N(0, (782],), as well as on the aggregate response of other agents (y = fol y;dj), where
y ~ N(O, 0’]3). The parameters « 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.
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Agent j’s optimal response is

202 4+ B2
a?0Z + BPoy + of

yi = (0(8]' + ‘BEJ]/ + 1/])

2+ﬁ2 2
AS T pogiat ©
signal if g > 1.

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

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

(1—A) # B, then
(A0 + B(1— A)o?
Y= A202 4+ (1 —A)%0% + 02
2

aAo? + B(1 A)oy
Y= /y]]_)tzaz (1—A)20y2+03(1_/\)y'

(Agj+ (1= Ay +v)),

In this case, any y is an equilibrium if

aAo? + B(1— Aoy

1-A)=1.
A?02+ (1 —)L)2(7§+(73( )

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

g2 A=A = A 5 1 2
PA=APA-p) T (1A=

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 #j; = ¢; = Z;, then V
k>1,

Eiéy.p = O, (C.96)
EtJtr = 0. (C.97)
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Following (C.96), we can show

IEtﬁt+l - 0/

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:

. . 1., .
Crrk = BrprCring1 — ;[lwfk —E; 1 Agkr1 — Pl
. 1
= E; k81 — ;[rt-‘rk —pl,

. 1,
= E¢kCrik+1 — T’sz

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
the law of iterated expectations,

. . 1.
Eilrix = Eilripq1 — ;Eﬂ”wk-
Using (C.96), Vk > 1
E?y = 0. (C.98)

Next, find an expression for in terms of real interest rate path. Use the Fisher equation
r¢ = iy — 471449 to show that E; 711 = 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 — ]Etﬁprl.
Assuming the central bank follows the Taylor rule given by it = p + ¢ 7t + ¢y,

re =i — Bty g,
=p+ (Pnﬁ—t + (Py?t - ]Etﬁ—t-{—l/

. 1 , .
e = —[fe — Pyt + Et 7y 11].
$r
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Iterating forwards and using (C.97),

00 1 00 ‘Py k+1
At = 2 Bk — ) (—) Etfp-
k=0 ‘Pﬂ k=0 \ P
Att+1, we have
00 1 00 y k+1
i1 =Y —7 Bt 1Pk — Y. <—) Et 19t +k+1-
k=0 P i=o \Pn

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

) 1 00 ‘Py k+1
Eifter1 = ), g Befraktn — ) (—) EtJttkt1-
k=0 P =0 \Pr

Using (C.98) and (C.97),
E;7t;41 = 0.
C.3 Calvo wage setting
Firm j produces output Y ; according to the production function
Yj: = ANj4,

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

6 1
[

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,
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W; is the aggregate nominal wage index, defined as

e[

Aggregating across firms, the demand for type i labor is

! , e AN
N = /0 N;jidj = ( ) / ( W; ) Nt.

C.4 Sentiment-driven equilibrium steady state

As shown in Benhabib et al. (2015): First, express y;; as a function of the shocks (¢; 1, z¢).
The firm’s optimal production, incorporating households” optimal labor supply decision

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

1\ A L1 0
Yj,t — |i(1 — 5) QIEt[ejglthe |S]’t]:| .

Lete;; =loge;i; ~ N 0,02) and z; = (log Z;) — ¢ ~ N(0,02), firm j’s signal is
i, g€, ¢ g z ] s s1g
5; = el 710,

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

byt )
Y, = <1Et[e].,th |s],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;,
1 1-90
it = (1—0)¢po + OlogE; |exp 9€]t + 5 Y |5]t )

To compute the conditional expectation, note that IE; [exp ( €t +1 = zt) £ t} is the mo-
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ment generating function of normal random variable < €t + 1 7 zt) |sj+- Then

1 1-6 1 1-46 1 1 1-46
E; |exp s]t+ — & |sj| = exp |E; 95]t+ . ——Zt|sj s —|—2Var ésj,t—i— g ——Zt|sj s

where

1 1—6 cov(ge;r + 50z, 5;4)
E; <§€j't + 0 Zt|S]',t) = Var(sj,t) Sits (C.99)
1 2 1-6 2
Aot + 55 (1— A)o;
0’ "¢e 0 z
= Ag; 1—A . C.100
A202 + (1 — A)202 (Aejr+ ( )zt) ( )

For now, let () = Var s p+ 1 024ls; ¢). As 1£-t,—1*92t are Gaussian, ()5 does not de-
0%l 9 s 0cjtr 9
pend ons; ;.

Aot + 58 (1 - A)o? 0
yir = (1—0)do+ 0% 7 ( )0 (Agjr+ (1= A)z) + 5Q, (C.101)

A2g2 + (1 A)202 2
=@+ 9]4(/\8]',1‘ + (1 — /\)Zt), (C.102)
where

A2 +128(1 — Ao

_ 0 0 z
V - /\20,2 ( )20_22 ’ (C103)

0

@0 = (1—0)po + EQs. (C.104)

Using equilibrium condition (A.7) which equates aggregate demand and aggregate sup-
ply, get an expression for y; in terms of y; ,

(1 - —) logY; = log </ ]9tY]t6 d]) ,
1 1
(1-3) (to+20 =g (el ),

1 -1
= log [E; (exp[ €jr+ 5 y]',t}).

Replacing y;; with (C.102) and using the properties of a moment generating function for
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normal random variable [ gjr+ 55t [o+ Ou(Aeje + (1 —A)z )]],

(1—1) (¢o + z¢) = log IE; (exp {1s]t+ o~ . ! (9o + Op(Aejr + (1 —A)zt) }) (C.105)
2

1 0 11 6
(1 — —> Qo + {—9‘1/1(1 — A)} Zt + = > {9 + —9]/1/\} 0'3;
(C.106)

0—1 _0-1 6—1 1/1 6-1 »
(T) (o +zt) = g ot 79”(1 —A)zt + 5 (9 + T@;m) oz (C.107)

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

1

9 9 —1 1/1 6-1 2
4’0 =P+ 5 (5 + TGW\) a2, (C.109)

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

and (C.103)

2 M 2 (C.110)

z )\)29 8

From (C.107):

Lle—1r 1 A 2 2
=0t [p=1 1]
Substituting for ¢¢ and simplifying,

0 Lle—1[ 1 A 20_2
"’0_2 BY Tt g lg—1 1Al %
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e 2
1\? 1—6)\2
(e () -
1 AN, 1-6
:¥<1_1—A)‘7€+ e

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

Qs:%(l—%) (1+(1—9) <—%>>02

o (=M =2)+(@E-1)A1-21) ,
T 02(1— A)2 Oe-

Simplitying,

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

Ca-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 13

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- +1
P, = ( : )T]E[ej't i s3]
) 0—1 ]E[Gj,thIS]',t]
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Without loss of generality, normalize %‘P to 1. Taking the log of this expression,
pie = log Be[Y[ el sjs] — log Eile; Yils; ).

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

tirst term can be expressed as

log B[+ 1e]1./;7|s],t] = log E[e7 TV Witdo)H1=T)ejs ), (C.111)
1
= (v + Do +Ee[(v + Dye + (1= T)ejulsje] + 5 Var[(y + )y + (1 — 1)ejils ]
Oy
(C.112)
(y+1)(1=A)o? + (1 — 1)Ac? 1
= 1 i+ =0 11
(7 + 1o + A202 + (1 — A)202 Sj 21 (C113)
"
1
= (’)’ + 1)47() + M1Sj + 501. (C.114)
Similarly, the second term can be expressed as:
log Ey[e;Yi|sj ] = log Ey[eitT¥ito0]s; ] (C.115)
1
= ¢o + Erfejs + yelsj] + > Varl(e; + yi[sj (C.116)
O,
(1—A)o2 + Ac?
= 470 + /\20_3 (1 )L)Z 5 Sjt + Qz (C.117)
PA
1
= ¢o + Masjt + 502- (C.118)
Then
= ot L0y — ) 4 TN T (C.119)
P],f - ;Y¢0 2 1 2/ Aza_sz + (1 - /\)20_22 ],t .
%o A=p—in
= @o + fi(Aejr + (1 —A)zi). (C.120)

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

81



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

(1—-6)p: = log E[e; P}, ]

= log]E[esf,t+(1—9)Pj,t]
=logE [esj,t+(1—6)(q)0+;1(/\sj/t+(1_/\)zt))]'

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

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

=(1-0)po+ 07+ (1—-0)a(1— M)z
[1+ (1 —0)jA)?

2(1—0)

[1+(1—6)jA]?
2

pr= @0+ o2 + (1 — A)z.

As P; is normalized to 1, py = log P = 0,

1+ (1—0)aA)2
2(1—6)

0= ¢o+ o2+ a(1—A)z.

Two constraints result from equating the coefficients in (C.121):
a(l—=2) =0,

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

(782 =0.
The first constraint implies ji = 0, since # > 1 and A € (0,1). Then by (C.120),

o? = —07.

From the second constraint, using ji = 0,

(C.121)

(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 ¢o was initially defined,

1 1
‘POZ; (PO_E(Ql_QZ) .
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In (C.112), O = Var[(y + 1)yt + (1 — T)¢j¢[s]. The conditional variance of a normally
distributed random variable can be decomposed as

cov ; —Deissi4])?2
O = Var[(y + 1)y + (1 — 7)ej] — (cov[(y + 1)]\//a;|‘(s(jlt) T)€jt Sjtl)

= (v + 1?07 + (1 —1)%07 — pa(cov[(y + Dy + (1 — 1)ejp,54])
= (y+ 1)+ (1—1)%07 — (v + 1) (1 = A)oZ + (1 — 1)AcZ],

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

AT+
01 = (y+1)%02+ (1 —1)%0% — y1¥agz.
By the same procedure, (), = Var([e;; + y¢|s; ] is equivalent to

(covy: + 5j,trsj,t])2
Var(sj,t)

= (782 + 07? — ,uz(cov[sjt + zt,sj,t])

AT+ 7)

Y

Oy = Var[yt + ej,t] —

2 2
=0g +0; — U2

8/

where y; is defined in (C.117).

Then, substituting ¢y with (C.123) in (C.124), ¢y can be expressed as
1 1 1
w=5 o 50

Note that equating coefficients in (C.121) implies that ji = yq — pp =0,

d0=2 gyt~ 5 (1412 = 12+ (1= 77 = 117
[( 507 —% (ﬁmum -2) ]

{ (11\/\[7—1-2]—1—['( 2])}

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 (g9 < ¢;), where ¢; is specified
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in (B.51). Note that ¢ < ¢ if

1—1(0—1) (%[7—#2] + [T—Z]) <[1+7(0—-1)~

As0>1,7>0,A € (0,1), the above inequality is true if

A

or alternatively,
T(1—-A)
— | —+2].
(e e
C.5.1 Effect of increasing CB’s response to wage inflation (¢%)

.« ¢y =0

Wy = (v + ¢y
= Aw[l = (7 + ¢y)] 2t
= [(Aw +1)(1 = [v+¢y]) — 12 + Dy _4

o P — oo
AT A
wt —> Zt
my — 0
Tt — —2t + Z’l\];_l
e Plots:

0 o]  Awp[l—(7+¢y)]
— = <0
IPY 924 (1+ ¢p%¥Ay)?

9 oy  —AL— (v +¢y)]

= >0
0pY 02 (1+ 9% 7o)

0 am _ _)\w()\w + 1)[1 - ('Y"‘Gby)] >0
IPY 0% (14 ¢¥Ay)?
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As ¢3 increases, 71; (and thus p;) decreases by less, 71}" (and thus w;) decreases by

less, and wj increases by less.

d W:/d z,
13 T T T T T T T T T
1.2+ E
1.1+ E
1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
o
d 7Tt/d z,
1 T T T T T T T T T
1.2 E
_14 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
LW
¢7
w
d ™ d z,
0 T T T T T T T T T
-0.05 E
_01 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

e 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 py).

Wy = (7 + Py
=0

T = — (7 + ¢py) et + D)4

e Ay — oo (completely flexible wages): When wages are flexible, wage inflation de-
creases (w; 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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As Ay — oo,

w | YTPy
4)7r+ Aw  »

AT

w; = WZt — 2t (C125)
1— (7 + 1—(y+
oo =120, 1700, (C.126)
xe TR $n
1+ ) [1= (v +¢y)] 1— (v +
PN o7
(C.127)

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

o Plots:

0 odf _ ¢r[l— (7 +¢y)]
0 o’ 1—(7r+¢y) “0
My 02 (1+ p%Ay)2

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

<0

>0

As Ay increases, 71y (and thus p;) decreases by less, 7}’ (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 -
11 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

Note that the result (‘;—%27? 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
LW
P
d 7r;”/d z,
0'1 T T T T T T T T T
0.05 |- a
0 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)

o 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.

e When 7 is sufficiently small, the wealth effect dominates. From the households’ opti-
mal inter-temporal consumption decision (15), a decrease in y renders the real interest
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rate more effective in changing consumption

r
d wt/d z,

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 7 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

¢’ N
max - ,
N 1= 149

36With a linear disutility of labor, labor supply responds strongly to a change in the real wage.
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subject to budget constraint
PCy < WiN; + 11

The resulting first order condition,

implies that the price level is

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

P = Cw“w' (C.128)
t

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

1 L Py f
Yj,t = 1-— 5 A]Et (ej'th)GWt|Sj’t .

Substituting Py with (C.128),

1Y a4 R e ‘
Yj,t = 1-— 5 A (PIEt €]~,th |Sj,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 Ny = [ Njdj = [ %dj,

1
1- ) AE
(1) am

%
v -

11 Yie \ ¢
SN ! (/ fd]) |5j,t” -
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Conjecture y;; = D + Bs; ;. Equating coefficients,

B 1 (BA)? ,] @

g (1=10)(1- A)o? + Ao? |
(1—=2A)2(1+ 0¢)o2 + A20?

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

¢=v¥L—£§—¢m 1 1 ((4+e0)(A+16-1]%)°  98(57)%) »
Dot 5479 10(6 — 1) 2 el
0_2 A 1- 1 A)L 2

T Ab(g+)C
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,

0 lEt[WtG "Yi[sj 4]
-1 ]Et[e],th|S],t]

Pj,t ==

Replacing N; withf?d]' = pfytf 6 1 Td],
it

o TP el T2 T ([ B e ) sy (C.129)
b 0—1 IE [ejlth|S]’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 = ji(1 — A), which implies s

o2 — A THB X2
z 1—)l ,y+q) €

B = g—ztt is indeterminate, and when we introduce Calvo price rigidity and a policymaker
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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 (25) and (26), firm level output can be represented as

AB~(1—-A)B
Y = Fej; Zf :

From (27), 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 VB e %

(14+AB(6—1))2 o

_1
As the signal is endogenous, implementability (Y; = Z;) requires B = ﬁ, F=e¢ > (10

Aggregate labor is

1
N; = /O N, dj,

and for these values of F and B,
A-F / Bajz0-VE,
— A—lsz ) p3(AB)22

Expected utility of households is given by

1 1— 1 1
E[U(Ct, Nt)] = E]E(Ct M- HE(N oY
_ 1 iR 1 rg)catin(2)rg)+ U2
1—7 1+¢ )
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If v > 1, expected utility is strictly decreasing in o

1+(p 0_
z

IEU) _1-7 a-yge+152%2 1+ (1+9)(log(2)+90) + <0

a2 2 2

Optimizing household welfare with respect to 2,

2 =m0 o g (1) — (- o= Qe enios ()]

—v)and (1+¢)? > (1 —7)2

If ¥y > 0,9 >0,then (1+ ¢) > (1

= 1 1 —a+In|=|) - ,
= arer— o Mgy T ] et
>0 ) ) <

where

r2) _ Lo (1, 0=1 0% 6 g
ln(xl)_206<{9+ p AB 01 (AB)~ | .
Note, for 6 € (0, ), K1>K2andsoln( ><0as

[1+9 1/\8] Gfl>(AB)2,

0 0

1 6-1._1° 20-1
[§+TAB] > (AB)

1 270-1\? ,0—1
o] (52) 5 ampts

Also, AB < 1if B= 2y and A € (0, 1).
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C.7.1 Constrained Efficient Allocation - Steady State (¢3")

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

by

Lyt
Yy = {/0 €Y d]} ,

Taking logs,
o 1/1 6—1\% ,
4)0 + 2z =2z + mi 5 + /\BT O, (C130)
1 6 1/1 0—1\2
o5t (B =1 _A) =513 (§+/\BT> o2, (C.131)

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

D Sentiment Equilibrium with Flexible Wages and Technology Shocks
To solve for equilibrium output, conjecture Y; = MA;IJW Crand yy = logY: ~ N (4)64, (75).
In expectation,

2 ¢§aa§+ag

MOHT = gttt (D.132)
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This implies

P = m+ Pyad,

2 _ 2 2 2
0y = Pya0q +07.

Firm level production, in logs,

611 o 1 1 1 6
yj = blog (Ti) + (1= 70)¢y +0a+0E | Jeje + (5 — 1)t + 33| +5Cs

(. J

3
where §j; = Aejy + (1 — A)(Yyady + ), 3 = log Ay ~ N(0,02), & = 0 ~ N(O,Ug),
7 = logY; = log[Azpy“Q_t] ~ N(0,07) and Qs = Var[gej: + (5 — 77t + @tl5;¢] Let firm
production be represented by

GB
Yj,t = g(PO Sj,f/

where §;; = eﬁt[Af’y“g‘t]lfA, @ = 0log (%%) +(1—90)¢p +0a+ 50, log Vi ~ N(0, (7]3),
and B = 6u. By (36), aggregate output is

It

- >
'

K1

0
1,60-1 -1
Y, = e [A]" ]P0 { / el TP dj] .

In logs,
vi = @o+ B(1— A)[lpyuat + C_t] + log 1.
In expectation, this expression implies

2
e¢6“+07y _ pPotlog x1+3 [B(L=A) P [yf,07 +07] )
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Equating with the conjecture (D.132),

1
= — D.133
B=1=x% (D.133)
¢ = o+ log iy, (D.134)
1
1] 6-11 _ Qs logx;
_1 1 £ D.1
~ log< 7 ‘I’)+a+2+ 0 }, (D.136)
1], /e—11\ _ Q 1 L,/1 6-1 A \?2
== St 5 Sl D.137
; log( g T)+a+2+2(9_1)0€(9—|— 7 1—)L)]' (D.137)
1
Yya = o (D.138)
1] 6—-11 Q]  logx;
== T o)y . 1
m 7_10g<6‘1,)+2}+ > (D.139)

In equilibrium, (D.133) implies

1
(75 =02+ ?Ug +(1-— 79)02,

oy = %“54— 2(75,
1

2 _ L2

O'é' % >

When firms condition production on an endogenous signal of aggregate demand, there is
an extrinsic component to aggregate output ((Tg > 0).

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,

Y, — Kl_l>m (eé v L _as; )r
it 0 t it tWt/Pt E1O],t .
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In logs, and letting Qs = Var [%(sj,t +yi) — 0w} + Tat|s]-,t} ,

1 6
yj; =0In (1 — 5) + Elej ¢ +yr — 0wy + 0ayfs; ] + 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,

1.

ét = ]Etét+1 — ;(Zt — :[EtﬁtJrl), (E141)

It = PUAY + oy, (E.142)
Ay = BEiAY — Awflf, (E.143)
sip=Agjp+ (1= Ay, (E.144)
fif = p — ¢y, (E.145)
Ue =20 (E.146)

1

Ut = ; jdj, (E.147)
fr41 = P+ 81,1 (E.148)

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

the real wage,

N & AT A

Ct = gt + bcwt,1 + lpyaatl

A % AT A

At = anGt + bnwt_1 + Crdy,
75[?) = apwls+ b;—cw?f);’_l + cpwdy,

AT & AT N
Wy = awlt + bypW;_1 + cwly.

The following coefficients verify the conjecture

o Y1+ PFAw) + ¢y

aw - 1+4)%)/\w 7
w )ngby

Ay = ————,

. _’7(1 + PR Aw) + ¢y (1+ Aw)
" 1+ Ay '
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Assuming technology shocks are iid (o = 0),

V(1 + ¢FAw) + Py

Cw = 1 + 4)%))\20 yas
Y1+ 7 Aw) + ‘Py(l + Aw)
Cn = — w yas
1+ )Lw(l)ﬂ

Cn = — 1+Aw4)w

From the wage inflation equation, b% (1 — Bcw) = Aw7Yb., 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_ V(1 + ¢Aw) + Py

wy . (Tt + Pyaar), (E.149)
=g j‘f;bw (Gt + Pyass), (E.150)
= 1+ Awﬁ);i;(l + Aw) G+ Poatt), (E151)
ct = Gt + Pyaay. (E.152)

Next identify ¢y, from the equilibrium condition (E.147). Let §;; = y;+ — ¢o, where
po =0 [ln (1 — %) + %} . By (E.140) firm j’s first order condition is given by

ﬁjlt = IE'[Ej,t + Yt — wa + 9&,}|S]',t]
= Elej + (Gt + Pyalle) — 0(awls + cotr) + 0a]s; ]
= Elej + (Pya — Ocw + 0)ar + (1 — 0az) (s 1]
- 2,2 2042 02 1 2 [Aeje + (1= Ay
A 0'e+(1_)\) (lpyagu +U§) ~ -

Sj,t

Equilibrium condition (E.147) implies

AGZ + (hya +0(1 = cw))ya(1 = A)oZ + (1= 0ap) (1 = A)o7 1
A202 4+ (1 —A)2 (1Pya0'az+0—€) =11 (E.153)
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Solving for ¥y,

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

o = 14+ %Ay
(1 + ¢%A0) + ¢y

Solving for ag using E.153,

A A
2 _ 2 2
crg—(l—()aw)créJrl_/\(1—1_A)U€.

Letting 62 = ﬁ (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,, — .
s ppP g Y

) . 1+ %)\w
Finally, using ¢y, = WAWH%

nology shock as follows,

, we can express the coefficients (cy, c,;») for the tech-

_ V(1 + ¢FAw) + ¢y (1 + Aw)
7(1 + Aw(}b%) + 4)}/
wo__ /\w(l)y

= Y1+ Awd’) + ¢y

Cqp =

7

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

(@ =p) + (1= Bp) + 1Aw(PF — p)

T @ — o)+ (1—Bo)(1—p)
1

Cpw = m[_)\w(cw - 7170}/11)]’

Cx = Cpw — Cyp.

lpya/

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

Aw(@f —p) + (1= Bp)(1 —p)

e = T = ) + 9y1(1 = Bo) + 1A% — )
Crw = — /\w(]by ’
7 (11— p) + 21(1 = Bp) + Aul9¥ —p))
Cmk = — /\w% — 1.

7 ([0 =p) + 2101 = Bp) + A9 —p))
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