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Abstract

Endogenous - i.e. market-generated - signals observed by rms have crucial implications for monetary policy. When information is endogenous, rms gather a demand
signal from their market that is both real and nominal. As a result, the traditional
surprise channel of monetary policy is absent.

Instead, monetary policy works

through a signaling channel, as it aects rms' information through the demand
signal. The optimal policy is then the signaling policy, i.e. the policy that maximizes the information content of the demand signal. In our setup, the signaling policy
targets a positive correlation between money supply and prices, which emphasizes
the natural response of prices to real shocks. On the contrary, in the more traditional
case of exogenous information, optimal monetary policy would stabilize prices as it
acts through the surprise channel.

We show that the signaling policy is optimal

regardless of the amount of attention that rms pay to central bank communication.
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Introduction

It is widely admitted that agents cannot perfectly observe the state of the economic fundamentals (e.g.

Lucas, 1972).

Given the important eects of imperfect information on

economic dynamics and policies, central banks devote a lot of resources to economic analysis, forecasting and communication.

However, there is growing evidence that private
1

agents pay little attention to publicly available data.

At the same time, several empirical

analyses show that prices do change, but mostly because of sectoral conditions, rather
than aggregate conditions.

2

These two sets of observations are compatible with a world in

which agents' decisions are mostly due to the attention paid to local market conditions.

3

If central bank communication has little impact on the economy, how can the central bank
optimally use its information in order to inuence economic outcomes? Our answer is that
the central bank should aect the local conditions to which agents pay attention, in order
to inuence their decisions.
Using a model with monopolistically competitive rms and imperfect information on
aggregate shocks, we show that endogenous - i.e. market-generated - signals observed by
rms have crucial implications for monetary policy. When information is endogenous, rms
gather a demand signal from their local market that is both a real and nominal signal.
Because the demand signal contains nominal information, the traditional surprise channel
of monetary policy is absent. Indeed, rms adjust their prices to oset any nominal change
in aggregate demand, including those driven by monetary policy. But, because the demand
signal is sensitive to monetary policy, the central bank can rely on a signaling channel,
as it aects rms' information through the demand signal. The optimal policy is then the
signaling policy, i.e. the policy that maximizes the information content of the demand
signal.
In our setup, the demand signal is increasing in both nominal demand and the aggregate
price. Because rms have private information on the aggregate real shocks that they use
to set their individual price, the aggregate price contains valuable information, that is
not fully revealed to rms through the demand signal because of nominal shocks.

To

maximize the information content of the demand signal, the signaling policy targets a
positive correlation between nominal demand and prices. This policy therefore results in
emphasizing the natural response of prices to the real shocks. For instance, consider a labor

1 See, among others, Mankiw et al. (2003), Carroll (2003), Golosov and Lucas Jr. (2007), Andrade and
Le Bihan (2013), Coibion and Gorodnichenko (2012), Coibion et al. (2015).

2 See, among others, Bils and Klenow (2004), Boivin et al. (2009) and Klenow and Kryvtsov (2008).
3 Mackowiak and Wiederholt (2009) explain how these facts can arise from endogenous attention.
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supply shock that decreases the marginal cost. As this shock is naturally deationary, the
signaling policy is counter-cyclical.

Indeed, for a given rm, a reduction in aggregate

prices reduces the demand for her individual good. By observing a decline in her demand
signal, she infers that other rms have decreased their price as a response to a positive
aggregate supply shock. So a decline in the demand signal is good news for a rm. When
the central bank gets a positive signal on the supply shock, it then implements a countercyclical policy that reduces nominal demand, which further reduces the demand signal.
The demand signal is then a better signal of the supply shock for rms, which are then
able to set prices more accurately.
This contrasts with the more traditional case of exogenous information, where optimal
monetary policy stabilizes prices as it acts through the surprise channel.

As rms do

not use the demand signal to oset policy-driven changes in nominal demand, the optimal
policy of an informed central bank is to close the output gap by implementing a demand
management policy, aimed at boosting demand and at directly steering the economy
towards the ecient allocation.

By stimulating demand, the central bank reduces the

need for rms to adjust their price, which results in price stabilization.
We establish that the signaling policy is a substitute to direct communication by the
central bank. In fact, the signaling policy consists in making the demand signal coincide
with the signal rms would build if they had a direct access to central bank's information.
This has important implications when we consider, as has been shown empirically, that
rms pay little attention to public information.

When rms pay limited attention to

central bank communication, the signaling policy is still optimal. Indeed, in that case, by
replicating the perfect communication outcome, the signaling policy improves price-setters'
information, even for an arbitrarily high degree of attention.
We show that the degree of competition has important implications on the information
revealed in local markets and on policy. When markets are more competitive (i.e., when
the elasticity of substitution between goods is higher), the demand signal is more sensitive
to the aggregate price, and thus it reveals rms' private information better.

Central

bank's interventions through the signaling policy are less needed. Imperfect competition
is inecient here not only because of the standard deadweight losses that is generates, but
also because it prevents the revelation of aggregate information through local markets.
When the central bank receives information not only on real shocks but on nominal
shocks as well, the central bank does not need to make the demand signal more responsive
to them.

On the contrary, it must counteract their eect by implementing a counter-

cyclical policy, hence limiting the response of nominal demand to nominal shocks. This

3

policy, contrary to the case of real shocks, results in price stabilization.

So, when the

central bank has information on both real and nominal shocks, it is still optimal to make
the demand signal a better signal of real shocks. This result comes from a form of divine
coincidence that is due to the demand signal. Indeed, as the demand signal is driven by
both real shocks and nominal demand, improving information on real shocks also improves
information on nominal demand.
Finally, our main focus is on shocks that drive ecient uctuations. In that case, the
central bank objective is to maximize the information content of endogenous variables.
However, as Angeletos and Pavan (2007) stress, in the case of shocks that drive inecient
uctuations, like mark-up shocks, more information can be detrimental to the economy.
Consistently, we show in an extension that optimal policy in that case must reduce the
information content of the demand signal.
Our paper confers an information role to equilibrium variables. This approach dates
back to Phelps (1969) and Lucas (1972). Recent papers analyze how endogenous information aects economic outcomes, without looking at the monetary policy implications.

4

An earlier literature, including King (1982), Dotsey and King (1986) and Weiss (1980) examines how monetary policy aects the information content of prices. However, contrary
to us, they focus on optimal feedback rules, as they assume that the central bank has no
private information on the current state.
The analysis of optimal monetary policy has been done mostly in the context of exogenous information. In that context, the general result is that optimal monetary policy
targets price stability, at least for shocks driving ecient uctuations.

5

In this literature,

all the signals received by agents are exogenous, contrary to our approach, where some
signals are endogenous.

6

In this standard framework, monetary policy should accommo78

date these shocks and aim for price stability.

We show that endogenous signals have the

4 See Angeletos and Werning, (2006), Amador and Weill (2010, 2012), Benhima (2014), Hellwig and
Venkateswaran (2009) and Gaballo (2015)

5 Ball et al. (2005) nd this in a sticky-information à la Mankiw and Reis (2002), while Adam (2007)

nds this in a rational inattention model à la Sims (2003). Paciello and Wiederholt (2014) show that, when
inattention is endogenous, price stabilization also generalizes to shocks that drive inecient uctuations,
like mark-up shocks.

Lorenzoni (2010) studies optimal policy when information is dispersed and the

central bank has no private information.

6 Paciello and Wiederholt (2014) study an extension where decision-makers choose the optimal linear

combination of shocks to observe. In our case, the signals observed by agents come from the market they
are involved in, it is therefore not necessarily optimal, and this is what drives our results.

7 This extends the results of the sticky-price New-Keynesian literature such as Gali (2008) and Woodford

(2003), which has also established the benets of price stability.

8 An exception is Angeletos, Iovino and La'o (2016) who nd, like us, that price stabilization is not

optimal, and that policy should target a negative correlation between prices and economic activity. It is

4

potential to reverse the traditional results in terms of optimal policy.
Our approach is also linked to the literature on central bank's information.

In our

paper, we assume that the central bank receives signals that are distinct from the ones
received by private agents. This is backed by empirical ndings that support the idea the
central bank might have some information that is not common knowledge, and that can
therefore be communicated through public statements and monetary policy actions.

9

Some

papers have explored theoretically the consequences of the signaling channel of monetary
policy through monetary instruments, as Tang (2015), Baeryswil and Cornand (2010)
or Berkelmans (2011).

Our signaling channel diers from theirs as we assume that the

agents' main source of information is their local market. The central bank can also choose
to communicate directly its information to the public, with more or less precision.

10

We

do not rule out direct central bank communication and consider it jointly with our market
signaling channel.
The structure of the paper is the following.

Section 2 presents our baseline model

with rms and productivity shocks. In section 3 we study the equilibrium of the model.
Section 4 studies optimal policy. In Section 5 we compare the results of our model with
the ones that we would obtain with central bank' s communication.

Section 6 presents

several extensions to the model. Section 7 concludes.

2

The model

We consider a one-period model with exible prices. There is a representative household,
a continuum of rms and a central bank. The household consumes a bundle of goods
and supplies competitively a quantity
household, are indexed by
good using a quantity

Ni

i ∈ [0, 1].

N

Y

of labor to rms. Firms, which are owned by the

Each rm

i

produces a quantity

Yi

of labor, and sets prices monopolistically.

of a dierentiated
The central bank

conducts monetary policy with the goal of maximizing the household' utility.
Firms do not directly observe aggregate conditions, but infer them from private signals
and from their local market conditions. The central bank, on its side, collects imperfect
signals on real shocks, and denes its policy on the basis of its own information. Since we
important to note, however, that our result depends on the presence of endogenous information, while
theirs originates from the assumption of both nominal and real frictions.

9 See Romer and Romer (2000), Justiniano et al. (2012), Nakamura and Steinsson (2015) and Melosi

(2013).

10 See for example Morris and Shin (2002), Hellwig (2005), Woodford (2005), Angeletos and Pavan

(2007), Amador and Weill (2010), who study the optimal level of central bank transparency.
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focus on rms' information extraction issues, we assume that the household knows all the
shocks in the economy.

2.1

The household and the demand for individual goods

The utility function of the representative household depends on his consumption bundle,

Y,

on his labor,

N,

and on a labor supply shock,

N 1+η
Y 1−φ
− Z −1
,
1−φ
1+η

u(Y, N, Z) =

Y,

Y =

the consumption bundle, is dened as

tion of good

i

and

% > 1

Z:


R1
0

%−1
%

Ci

(1)

%
 %−1

di

, where

Ci

is the consump-

φ > 0

is the elasticity of substitution between goods.

inverse of the elasticity of intertemporal substitution and

is the

η > 0 is the inverse of the Frisch

elasticity of labor supply.

Z
show,

11

acts as a labor supply shifter, so we refer to it as the supply shock.

Z

moves the perfect-information level of output, so it is a real shock.

As we will

z = log(Z)

2
has a Gaussian distribution with mean zero and variance σz . The budget constraint of the
household is

Z

1

Z
Pi Ci di =

0
where

R1
0

Πi di

1

Πi di + W N

(2)

0

is the sum of prots distributed by rms,

Pi

is the price of good

i

and

W

is

the nominal wage. Prots and labor income are then used to nance the consumption of
individual goods.
The household shops the dierentiated goods. He observes the prices and the quantities
purchased. The individual good demand equation is then given by:


Ci = Y
where the consumer price index,

P,

Pi
P

−%
,

(3)

is an average of the the individual prices:

Z
P =

1

Pi1−% di

1
 1−%

,

0
11 It is a shock that moves prices and quantities in opposite directions.
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(4)

2.2

Firms and price-setting

Each good

i is produced and sold by rm i.

More precisely, rm

i produces the good using

the following linear technology:

Yi = Ni ,
Firm

i

is a price-setter.

expected prots,

She chooses

Πi = Pi Yi − W Ni ,

Pi

(5)

monopolistically in order to maximize her

subject to the individual good demand equation, (3),

the production technology, (5), and equilibrium in the goods market,
Denote by

Ei (.) = E(.|Ii )

Ii

the information set of rm

Ci = Yi , i ∈ [0, 1].

i

when she decides the price. We denote by
R1
the individual expectations and by Ē(.) =
Ei (.)di their cross-individual
0

average. We denote variables in logs by lower-case letters and neglect constant terms.

i is equal to the expected nominal marginal
nominal wage in our setup: pi = Ei (w). The

The optimal price set by the individual rm
cost, which corresponds to the expected

nominal wage is equal to the households' nominal marginal rate of substitution between
consumption and labor so, up to a st-order approximation, the optimal price can be
12

written as follows:

pi = χEi (p) + (1 − χ)[Ei (q) − δEi (z)],
where

z

is the supply shock,

p

is the aggregate price,

q

(6)

is nominal aggregate demand,

dened as

q = y + p,
and

δ

and

χ

(7)

are functions of the parameters of the model. We have

1
;
δ = η+φ
χ = 1 − (η + φ).
The price-setting equation (6) states that the optimal price of each good

i

is equal to

the expected household's nominal marginal rate of substitution between consumption and
labor and is hence related positively to the nominal aggregate demand
to the labor supply shock

real

z.

We refer to these terms as the

determinant of prices. If

price-setting. This is the case

nominal

q

and negatively

determinant and the

0 < χ < 1, there are some strategic complementarities in
as long as η + φ < 1. We maintain this assumption in order

to be in line with the literature, although our results do not hinge on it.
The model is closed simply with a quantity equation. That is, we assume a cash-inadvance constraint that implies that nominal spending

12 The details can be found in Appendix A.1.
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q

depends on money supply and

on a velocity shock:

q = m + v,
where

m

Velocity

(8)

is the log of money supply set by the central bank and

v

v

is money velocity.

2
is a gaussian i.i.d. shock with mean zero and variance σv . Nominal aggregate

demand is thus partially controlled by the central bank, up to the velocity shock,

v.

This

assumption captures the fact that there are exogenous shifts in aggregate demand that
policy cannot control. Because

v

only aects prices under perfect information, we consider

it as a nominal shock.
The demand

yi

for the individual good

i

can also be written in log-linear form:

yi = y − %(pi − p),
Equations (6)-(9), along with the approximations

(9)

R1
0

pi di = p

and

R1
0

yi di = y ,

com-

pose the reduced-form log-linear model. To close the model, we still need to specify the
information set of rms

2.3

Ii , i ∈ [0, 1],

as well as monetary policy

m.

Information Structure

The household and the rms have dierent information sets. We assume, without loss of
generality, that the household knows all the shocks.
only to the market for good

i,

Exogenous signals

i does not observe z .

signal on

Firm

13

Firms do not know

z

and participate

so they have a more limited information set.

Instead, she observes a private exogenous

z:
zi = z + εi

where

εi

is a gaussian i.i.d. shock with mean zero and variance
R1
aggregate so
ε di = 0.
0 i
Firms do not observe the nominal shock

it will prevent rms from learning

z

v

either.

σε2 .

It averages out in the

This assumption is important as

from endogenous variables. In an extension, we will

allow rms to observe private exogenous signals on

v.

Importantly, we assume that rms cannot observe the money supply,
aggregate demand,

q,

nor any other aggregate variable.

m

nor nominal

This assumption hinges on the

13 Even if the household did not directly observe all shocks, he would have all the relevant information.
Indeed, the household perfectly observes the labor supply shock
because he participates to all markets.
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z , as well as the set of prices and quantities,

idea that private agents do not pay attention to aggregate variables, but also on the fact
that aggregate information is typically not

Market timing and demand signal

contemporaneously

We assume that the labor market opens after the

goods market. In the beginning of period, each rm

yi

available to private agents.

i sets its price pi

and receives an order

from the household. At the end of period, rms go on the competitive labor market

and observe the nominal wage

w.

Therefore, when rm

i

sets her price

pi ,

she observes

the demand for her good, but she does not know the nominal wage. As a result, the price
is conditional on a limited information set. This assumption is crucial because observing
the nominal wage would make the rms' nominal marginal cost inference problem trivial,
as the rms would observe it directly.
15

to measure.

14

It is well known that marginal costs are dicult

In an extension, we relax this hypothesis and we consider the case in which

rms observe the marginal cost with a noise while xing their price.
When setting her price, rm
her individual demand
signal

ỹ

yi

i

observes her own individual demand

and her price

pi ,

yi .

By combining

the rm can easily construct an endogenous

that is independent of idiosyncratic shocks:

ỹ = yi + %pi = q + (% − 1)p,
where we used Equation (9) and the quantity Equation (8).

(10)

ỹ

can be interpreted as an

adjusted measure of the demand for goods that is invariant across goods. We refer to

ỹ

as

the demand signal.

% = 1, which corresponds to the Cobb-Douglas
case with unitary elasticity of substitution, where ỹ = yi + pi = q . In this special case ỹ
corresponds to the total spending on good i. Households consume a smaller quantity of
To understand, consider the case where

more expensive goods, but they still spend equal amounts across goods. Thus, spending
on individual goods is proportional to total spending
observed by rm

i,

q.

The nominal demand for good

is therefore a good indicator of total nominal demand

On the opposite, when

i,

q.

% → +∞, goods become perfect substitutes and the endogenous

14 As shown in Hellwig and Venkateswaran (2009).
15 The diculties associated to the measurement of the marginal cost have been emphasized in a dierent
strand of literature by Rotemberg and Woodford (1999). They underline that the crucial measurement
issue is to infer the marginal cost as opposed to the average cost. They also nd that the ratio between
prices and dierent measures of the marginal cost changes over time. This suggests that, on the one hand,
rms have to constantly re-evaluate their marginal cost; on the other, the calculation of the marginal cost
would be a very dicult task for the random rm. Other studies belonging to the same literature include
Bils (1987) and Bils and Kahan (1996).
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signal becomes driven exclusively by the price level, so rms observe the signal

pi = p.16

Under perfect substitutability between goods, the household wants to consume the cheapest goods.

The goods market becomes perfectly competitive, and prices must equalize.

The price that households are willing to pay for the individual good
competitors price, which is

i therefore reveals the

p.

% is at an intermediate level, the demand signal is a combination of the
state of aggregate nominal demand, q, and of the aggregate price, p, with a larger weight
on prices when % is large. Intuitively, for a given individual price, pi , a higher demand yi
can be driven either by higher aggregate demand q or by a higher competitors' price p.
In general, when

The role of prices becomes larger as the elasticity of substitution increases.
As we will see, prices partly aggregate the rms' private information on
demand signal

ỹ

depends on the average price

z.

Since the

p, it provides information on the real shock.

ỹ is also driven by nominal demand q , and hence by nominal shocks, which will prevent
rms from fully identifying the real shock. However, ỹ depends on monetary policy, m,
through nominal demand q . Monetary policy can then potentially aect the information
But

17

set of agents through the demand signal.

Information of the central bank
real shock,

z,

nor the nominal shock,

The monetary authority does not observe either the

v.

Similarly to rms, it receives a noisy signal

z cb :

z cb = z + ξ
where

ξ

is the central bank noise. It is a gaussian i.i.d. shock with mean zero and variance

σξ2 . The central bank does not observe rms' private signals,

zi .

The central bank does not have access to endogenous variables, such as prices. This
assumption is made for simplicity, as it is the most convenient way to represent the central
bank's imperfect information. In an extension, we assume that the central bank instead
observes a noisy measure of prices.

Besides, we abstract for the moment from central

z cb ,

bank's direct communication of its signal

by assuming that rms do not observe

z cb .

This assumption is relaxed in Section 5 where we allow the central bank to communicate
its information.

16 This can be seen by writing the endogenous signal as
With

% → +∞,

the endogenous signal

ỹ/(% − 1)

17 Note that if the rms' information were only

signals.

ỹ

would then only reveal

q.

ỹ/(% − 1) = (yi + pi )/(% − 1) + pi = q/(% − 1) + p.
pi = p.
public, rms would be able to infer p from their public

converges to

Private information is therefore crucial to generate confusion between

the real and nominal determinants.
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2.4

Monetary Policy

The goal of the central bank (CB) is to choose money supply,
the welfare of the representative agent.
minimizing the loss function

m,

in order to maximize

In Appendix A.2, we show that this is akin to

L whose arguments are the volatility of the price gap and the

dispersion of individual prices:

L = V (p − p∗ ) + ΦV (pi − p)
with

p∗

(11)

the optimal price level that would hold under perfect information:

p∗ = q − δz
This optimal price depends on the nominal aggregate demand,
information output

∗

y = δz .

q,

and on the perfect

Under perfect information, rms would decrease their price

in response to a positive supply shock in order to generate an increase in demand. On the
contrary, they would increase their price in response to an increase in nominal aggregate

Φ is a function of the deep parameters of the model: Φ = %/(1−χ).
∗
∗
∗
Note that the price gap is tightly linked to the output gap y − y , as y − y = −(p − p ).
∗
∗
Therefore, V (y −y ) = V (p−p ). The loss function thus represents the central bank's dual

demand. The parameter

goal of stabilizing the output gap and limiting price dispersion.
individual price at the optimal level

p∗

suces to achieve that dual goal.

focus our analysis on the individual price gap
between the price gap

p−p

∗

Helping rms set their

∗

pi − p = pi − p + p − p

∗

We therefore

and distinguish

pi − p

only

m = βz cb .

The

and the individual price deviation from the mean

when necessary.
Money supply is assumed to react linearly to the central bank signal:

nominal aggregate demand dened in equation (8) therefore boils down to:

q = β(z + ξ) + v = βz + ν,

(12)

ν = βξ + v is the total nominal disturbance, which is composed of the central bank
βξ and the nominal shock v . We assume that the central bank commits to β before

where
noise

the realization of the shocks.
An equilibrium is a set of quantities

{yi }i∈[0,1] ,

{pi }i∈[0,1]

such that priceR1
setting follows (6), aggregate demand follows (7), monetary policy follows (12), p =
p di
0 i
R1
and y =
y di, and the information set Ii of price setter i includes zi and yi , for all
0 i

i ∈ [0, 1].
11

and prices

3

Equilibrium

In this section, we study the equilibrium for a given policy parameter

β.

We focus especially

on how monetary policy inuences equilibrium outcomes.
We rst present a simple version of the model.

We show how the introduction of

endogenous information leads us from a situation in which monetary policy can exploit
the traditional surprise channel, to a new one in which the central bank can exploit the
signaling channel that we emphasize in this paper. In the second part of the section, we
will further explore our novel mechanism by analyzing the full model.

3.1

A simple model

In this special version of the model, we assume that there are no strategic complementarities (χ

= 0).

We also assume that

%

equals 1. As a result, the demand signal

q.
= z,

in equation (10) coincides with nominal demand
bank is perfectly informed (ξ
(v

= 0).

= 0),

so that

z

cb

ỹ ,

described

Finally, we assume that the central
and that there is no nominal shock

This means that there is no nominal demand disturbance (ν

nominal demand depends only on the response of the monetary

Individual price gap
complementarities (χ

= 0) and that
instrument to z : q = βz .

Under the simplifying assumption that that there are no strategic

= 0),

the equilibrium of the economy should satisfy the following

equation

pi − p∗ = [Ei (q) − q] − δ[Ei (z) − z],
describing the individual price gap.

(13)

In the absence of strategic complementarities, the

individual price gap is simply a function of the errors made by rms regarding

q

and

z.

Therefore, the distance from the optimum depends on the accuracy of agents' expectations
on both

q

and

z.

Exogenous signal only
signal.

Let's rst assume that the rms do not observe the demand

zi , to evaluate
of aggregate demand: Ei (z) = γ(z + i ), where γ is
the private signal, and Ei (q) = βEi (z) = βγ(z + i ).

In that case, rms use their exogenous signal on the real shock,

the real and nominal components
the Bayesian weight associated to
Equation (13), becomes

pi − p∗ = (β − δ)[Ei (z) − z]

12

By setting
gap.

β = δ,

the central bank can reach the rst best by completely closing the price

In fact, by doing so, it makes the informational problem of rms irrelevant.

The

monetary authority nails the optimal price down to zero by setting nominal demand in
response to the real shock. Namely, it sets
the real one in the optimal price.

q = δz ,

so that the nominal component osets

In practice, this policy consists in moving aggregate

demand in line with the optimal supply.
Therefore, under exogenous information, monetary policy is non-neutral as it produces

real eects through the management of nominal demand.

As a result, the economy reaches

the st-best. We say that in this case monetary policy acts through the surprise channel.

Endogenous signal and cursed rms
the exogenous signal,

zi ,

Now, we assume that rms observe not only

but also the demand signal

ỹ ,

that perfectly coincides with

q

in

this simple model. Nevertheless we assume that our agents do not extract any information
from

q

regarding the state of the real shock, i.e. they neglect the reasons why nominal

demand changes. In other words, rms are

cursed

in the sense of Eyster and Rabin (2005).

They do not see the link between nominal demand movements and the real shock. Firms

Ei q = q , but they do not use
Ei z = γ(z + i ). As a result, Equation

then adjust the nominal component of their price perfectly:
the endogenous signal to infer the real component:
(13) becomes

pi − p∗ = −δ[Ei (z) − z]
which is now independent of the monetary policy parameter

β.

As cursed rms are able to

see the change in money supply, the monetary authority loses power. The reason is that
rms react to a change in the supply of money by changing proportionally their prices so
that money has no real eect.
In this case, monetary policy has lost the capacity to surprise agents that generated
monetary non-neutrality in the absence of endogenous signal.

As rms have access to

information on nominal demand, monetary policy has become neutral.

Endogenous signal and rational rms
i.e. they use the demand signal to infer

z.

We now suppose that rms are not cursed,

They understand the monetary policy reaction

function and that the demand signal gives information regarding the state of the real
shock.
In the absence of nominal shocks and central bank noise, nominal demand perfectly
reects the real shock. As a result, when agents observe variations in
that they are due to the real shock (q

= βz )
13

q,

they understand

and can thus infer it, as long as

β 6= 0:

Ei z = z .

As rms know both the real and the nominal components of the marginal cost,

we now have

pi = p∗ .

Here, the reason why the st best is achieved is not that the central bank is implementing a monetary policy that perfectly osets the real shock, as in the exogenous information
case (β

= δ ).

Now, the rst best is achieved because agents can perfectly infer the real

shock, for any

β 6= 0.

In other words, the surprise channel that allowed monetary policy

to produce real eects is completely absent.

It is instead replaced by a new channel, a

market signaling channel, which we call for short the signaling channel. Through market
variables, the central bank transmits its information to the public that is now able to
behave optimally.

Discussion

In this simple model, the signaling channel that appears with endogenous

information is equivalent to the communication by the central bank of its policy instrument
(equivalently, its signal) to the public. In that respect, it implies two things: on the one
hand, it suppresses the standard role of monetary policy by making money neutral; on the
other hand, it plays an informational role by supplementing the information set of rms
with the central bank's information.
However, this is a simple model. In general, the demand signal is not strictly equivalent
to central bank communication, since it does not exactly mirror the central bank signal.
There are two main reasons for that. First, nominal shocks introduce noise in the demand
signal. In our model, the nominal shock

signal. In

v makes q an imperfect signal of the central bank's

cb

q = βz + v . Second, the structure of the economy shapes the demand
particular, when % > 1, ỹ depends not only on q but also on the price level p,

information

z

cb

:

as described in Equation (10). So it reects not only the decisions of the central bank but
also those of the rms. The demand signal therefore contains also the natural response
of prices to the rms' private information.
The endogenous nature of information thus dierentiates the signaling channel from
the communication channel. Two questions arise naturally. The rst question is: can we
generalize the result that the demand signal suppresses the surprise channel of monetary
policy? The second question is: given the endogenous nature of the demand signal, how
can the central bank best exploit the signaling channel?

The rst question is analyzed

in the remaining part of the section by studying price-setting in equilibrium, while the
second question is the object of the next section on optimal monetary policy.
But before turning to the full model, we need to discuss the role of two additional
assumptions: the presence of noise in the central bank signal (ξ ) and strategic comple-
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mentarities in price-setting (χ

> 0).

The central bank noise makes the central bank signal

imperfect, which prevents the central bank from reaching the rst best, and introduces relevant policy trade-os. Strategic complementarities on the opposite are not central in our
setup. With strategic complementarities, rms are concerned about the price-setting behavior of others. In order to form expectations on others' price-setting, they need to form
expectations about others' expectations, so they form higher-order expectations.

These

higher-order expectations distort the use of private information, as is well-known. While
these eects are present in our setting, rst-order expectations (on

q

and

z)

will be the

main concern of the policy, because the central bank can use its information to help rm
form more accurate expectations.

3.2

The full model

We now go back to the general case with strategic complementarities (χ

≥ 0).

The

individual price gap can now be written as

pi − p∗ = χ[Ei (p) − p∗ ] + (1 − χ) {[Ei (q) − q] − δ[Ei (z) − z]}

(14)

We also suppose the existence of central bank noise (σξ
that

% ≥ 1.

We thus have

> 0), nominal shocks (σv > 0) and
q = βz + v = βz + ν , with ν = βz + v . In this more general
cb

case, the endogenous signal has to be determined in equilibrium.

Endogenous signal and signal extraction

Following the literature on noisy rational

expectations, we restrict ourselves to analyze linear equilibria. We guess that, by combining
their individual signal
signal on

z

zi

and their individual demand

yi ,

rms can extract an endogenous

of the following form:

z̃ = z + κ−1 ν,
where

κ is the elasticity of the endogenous signal to z

relative to

guess is veried and we will characterize the solution for
demand signal

ỹ .

The endogenous signal

z̃

κ,

ν.

We will show that our

by deriving the equilibrium

is then simply a normalization of

ỹ .

Similarly

to what happens in Lucas' economy, rms cannot precisely understand whether changes
in their individual demand are due to the nominal disturbance, represented by
change in the real shock, represented by

ν,

or to a

z.

ν = βξ + v , the precision of the endogenous signal z̃ is κ2 (σv2 + β 2 σξ2 )−1 . This
precision depends on β through two channels. First, κ is a function of the parameters of
the model and, therefore, of the policy parameter β . Second, β inates the contribution
Because
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of the central bank noise to the nominal disturbance

ν.

We thus denote this precision as

P (β).
Agents use their exogenous signal

zi

and the endogenous one

z̃

in order to formulate

their expectations:

Ei [z|z̃, zi ] = γzi + γ̃ z̃,
where

γ

and

γ̃

are Bayesian weights dened as a function of the precisions of the signals:

γ =
γ̃ =

σε−2
σε−2 +σz−2 +P (β)
P (β)
.
σε−2 +σz−2 +P (β)

Equilibrium endogenous signal and equilibrium price gaps
resulting

κ

(15)

(16)

In equilibrium, the

is described in the following Lemma (see proof in Appendix A.3):

Lemma 1 For a given policy parameter β , κ is characterized in equilibrium by
κ = β − λ.

where γ is dened in Equation

(16)

(17)

and λ is given by

λ=

(% − 1)(1 − χ)γδ
1 + [%(1 − χ) − 1]γ

(18)

A solution for κ(β) always exists and, when β < 0, it is unique.
Remember that the demand signal

ỹ

depends positively on both nominal demand and

κ, the total response of the signal to the real shock, can be decomposed into two
terms: β , the policy-induced response of nominal demand to z , and −λ, which comes from
the natural response of prices to z . Indeed, using the denition of the endogenous signal
with Equations (12) and (17), we can decompose z̃ into two parts: nominal demand q and
−λz , that is due to the adjustment in prices.
prices.

z̃ = κ−1 (q − λz)
The natural response of the signal to

z

(19)

is negative because it is optimal for rms to

decrease their price if they expect a positive supply shock. As a result,
to

δ,

the optimal response of prices to

signal in the rms' expectations of

z.

z,

and to

γ,

λ

is proportional

the Bayesian weight of the private

Indeed, prices reveal information to the agents

through the endogenous signal because rms have a private source of information on

16

z.

The more informative the private signal is, the larger
are. Information is also revealed better if

χ,

γ,

and the more informative prices

the degree of strategic complementarities, is

small, because rms will rely more on their private signal. The elasticity of substitution

%

also plays a role, because the larger it is, the larger the degree of competition is, and the
more reactive the demand signal will be to aggregate prices

p.

Thanks to the endogenous signal, as described in Equation (19), rms can form ex-

q . Crucially,
E(q) = κz̃ + λE(z).

pectations on nominal demand
expectations on

z,

since

the expectations on

q

If rms expect a high

will be related to the

z,

they expect a high

nominal demand, for a given endogenous signal. This is because when they expect a high

z,

they expect low aggregate prices. Low prices in turn should lead to a low endogenous

signal. If rms yet do not witness a decrease in the endogenous signal, then they will infer
that nominal aggregate demand has increased, leaving the endogenous signal unchanged.
Importantly, this means that the expectation error on

q

is related to the expectation

z : Ei (q) − q = λ[Ei (z) − z]. The more accurate the expectation on the real
component of prices z , the more accurate the expectation on the nominal component q .
error on

As the demand signal is both a real and a nominal signal, rms are able to better assess
the nominal component when they have better information on the real component. The
distance to the optimal price, described in Equation (14), then depends only on errors

z . Indeed, as shown
pi − p = (p − p ) + (pi − p) with:

about the real shock
as

∗

in Appendix A.4, we can rewrite Equation (14)

∗



Ē(z) − z
p− p∗ = (λ − δ)
(1 + γ χ̃)


pi − p = (λ − δ) [1 − (1 − γ)χ̃] Ei (z) − Ē(z)
χ̃ = χ/(1 − χγ), γ
R1
Ē(z) = 0 Ei (z)di.

where
with

and

γ̃

are dened in Equation (16),

Ei (z)

(20)

follows Equation (15),

The average price gap (the individual price deviation from the mean) thus depends on

z (the individual deviation of the expectation of z from the mean)
through two terms: −δ , which is the optimal response of prices to the expectations on
z , and λ, because a higher expectation on z leads to higher expectations on q . λ − δ
therefore reects the rms' incentive to react to their forecasts of z when setting their
price. Strategic complementarities, which is reected through a positive χ̃, increase the

the average error on

incentives to react to public signals and lowers the incentives to react to private signals,
as is well-known. They hence increase the volatility of the price gap and reduce the cross18

sectional dispersion.

18 Note that in the absence of strategic complementarities (χ
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= χ̃ = 0),

the individual price gap boils

Finally, as in our simple model, monetary policy does not aect the economy through
surprise. To see that, note that the monetary policy parameter,

λ−δ

cannot bring the term

to zero. Lemma 1 implies that in equilibrium:

λ−δ =−
As

β,

δ(1 − γχ)
,
1 + [%(1 − χ) − 1]γ

γ ∈ [0, 1], the absolute value of the term |λ−δ| is larger than max {δ/%, δ(1 − χ)}, which

is strictly positive. Indeed, given that the demand signal depends on nominal demand, any
change in nominal demand due to monetary policy is perceived by agents through their
market information. As a result, they adjust their price accordingly, thus osetting the
change in nominal aggregate demand. Monetary policy is thus neutral in the traditional
sense.
Our analysis shows that the surprise channel is not working. Nevertheless, as we show in
the following section, monetary policy can help improve the quality of agents' information,
thus exploiting the signaling channel.

4

Optimal monetary policy

The goal of the central bank is to set

β in order to minimize the loss function (11).

Contrary

to common wisdom, optimal policy does not entail price stabilization. On the opposite,
the purpose of monetary policy is to follow the natural movement of prices in order to
maximize the information content of the demand signal.
The following Lemma establishes that the optimal policy maximizes the information
on

z

contained in the endogenous signal (see proof in Appendix A.5):

Lemma 2 Denote by β ∗ the β that minimizes L under the constraint (20) with κ = κ(β)
as dened by Equation (17). β ∗ is also the value that maximizes the precision of the
endogenous signal P (β).
First, this Lemma shows that information is the only concern of policy. Given that the
surprise channel of monetary policy disappears, the central bank can only rely on the
signaling channel. We thus label optimal policy the signaling policy. Second, it shows
that only information on the

real

shock matters. As the endogenous signal is both real

and nominal, improving information on the real component of prices helps rms assess the
down to

pi − p∗ = (λ − δ) [Ei (z) − z].

Higher-order expectations vanish, but rst-order expectations still

matter.
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nominal component. This generates a form of divine coincidence, since the policy-maker
does not need to choose between improving information on one or the other components.
In what follows, we use this Lemma to characterize the optimal
equilibrium precision of the endogenous signal is
dened in Equation (17). The parameter
ways. As

β

β

P (β) = κ(β)

2

β . Remember that the
+ β 2 σξ2 )−1 , with κ(β)

(σv2

aects the precision of the signal in opposite

goes up in absolute value, the sensitivity of the signal to the supply-side shock

(κ(β)) rises as well, thus increasing its precision. On the other hand, the same increase in

β

inates the noise of the signal. The signaling policy trades o these two eects.
The following Proposition then characterizes the signaling policy along these lines (see

proof in Appendix A.6):

Proposition 1 The equilibrium precision of the endogenous signal P (β) is maximized for
β ∗ , where β ∗ is the unique solution to
β∗ = −

σv2
,
λ(β ∗ )σξ2

(21)

where λ(β) = κ(β) − β . Optimal policy is therefore achieved for β = β ∗ .
As implied by Equation (21), the value of

κ = β − λ.

For

z̃

to be a good signal,

to setting a positive

β,

κ

β∗

is negative. This derives from the fact that

needs to be large in absolute value. As compared

setting a negative

β

generates a larger

adding the same amount of noise, so a negative

β

κ

in absolute value, while

is preferable.

The central bank in fact uses a counter-cyclical monetary policy to emphasize the
natural eect of the real shock on the demand signal. Given that an increase in

z

would

naturally decrease the the demand signal through lower prices, the monetary authority
emphasizes that movement by reducing nominal demand, which further lowers the demand
signal. In doing so, the monetary authority targets a positive correlation between money
supply and the price level. This implies that the signaling policy emphasizes the response
of prices to real shocks, contrary to standard policy.
Comparative statics on Equation (21) show that the absolute value of
in the variance of the central bank noise

σξ ,

β∗

is decreasing

as a more reactive policy is more costly in

terms of noise. At the same time, the absolute value of

β∗

is increasing in the variance of

2
the nominal shock, σv , as the benets of an active policy are greater when the endogenous
signal is made more by nominal shocks.
shocks (σv

= 0), β

∗

In the limit case where there are no nominal

goes to zero, as the endogenous signal fully reveals

decreasing in the term

λ,

z.

the natural elasticity of the demand signal to

19

Finally, it is

z.

Indeed, a

strong policy response is less necessary when the non-policy part of the endogenous signal
is relatively more informative.

Figure 1: Optimal policy
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Competition and optimal policy
λ),

which measures the degree of competition between goods.

endogenous signal reveals

ỹ

Consider more specically the role of

p

better. As

becomes a better signal of

z.

p

When

%

%

(through

increases, the

aggregates the private information of rms on

z,

Then introducing noise through central bank intervention

is more costly, because it blurs the demand signal, which is now a better natural signal
of

z.
Figure 1 shows how the elasticity of substitution

take
As

%

φ + η = .5,

which yields

δ=2

and

χ = 0.5.

%

λ

β . We
σξ = 0.2.

and the optimal

σz = σv = σ = 0.1 and
and λ increases, which reects

We set

increases, the degree of competition increases

aects

the

fact that the endogenous signal becomes a better real signal. Through prices, the private
information of rms is better aggregated in the endogenous signal, and the role of policy
diminishes.
This analysis shows that the negative eects of imperfect competition go beyond the
standard deadweight loss.

Imperfect competition also limits the amount of information

20

revelation through demand signals, by making those signals more sensitive to nominal
demand than to prices. The necessity for the central bank to intervene through a signaling
policy is therefore stronger with weaker competition.

Figure 2: Optimal policy
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Comparison with exogenous information

Our results dier from the literature

studying optimal monetary policy with exogenous information, which nds that it is op-
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timal to stabilize prices through a procyclical policy. To illustrate this, we represent in
Figure 2 the case with and without endogenous signal, where rms would observe only
the exogenous signal

zi .

We use the same parameter values as before, with

% = 7.

In

the exogenous information case, the loss function of the central bank is minimized for a
positive policy parameter

β.

Here the policy-maker trades o shutting down the rms'

incentives to respond to their expectation of

z

by setting

β

as close as possible to

the extra noise it introduces by responding to its noisy signal, so that

0 < β < δ.

δ,

with

Optimal

policy is procyclical so that prices need to respond less to the supply shock. In that case
the precision of the exogenous signal is constant and does not vary with

5

β.

Central Bank Communication

So far we have assumed that the central bank did not explicitly communicate with the public. The central bank communicated only implicitly through its monetary policy. Therefore
agents could observe the demand signal inuenced by the action of the central bank, and
react to it.

Here we examine whether the possibility of explicit communication by the

central bank aects our main results.

In what follows, we will analyze two alternative

scenarios: an ideal one, in which the central bank can completely transfer its signal to
the public (perfect communication), and a more realistic one, in which the central bank
communicates its signal to the public with a noise (noisy communication), to convey the
idea that the understanding of the public might be aected by interpretation errors or
inattention.
Moreover, by comparing our baseline model with communication, we can better understand what the signaling policy does. We show that the signaling policy (i.e., optimal
implicit communication through market signals) is a substitute to explicit communication.
In fact, monetary policy achieves the signaling policy by

mimicking

the information struc-

ture under explicit communication. Namely, the endogenous signal gathered by agents is
similar to the compound signal that they would build under explicit communication.
This has powerful implications. In particular, under the signaling policy, explicit communication is irrelevant. One could argue that conversely, if the central bank can perfectly
communicate its signal, the signaling policy is irrelevant. However, if the central bank can
only communicate with noise (even with an arbitrarily low level of noise), the signaling
policy is necessary to reach the optimum. In fact, the signaling policy is a way to overcome
the limits of explicit communication.
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5.1

Perfect Central Bank Communication

Suppose that the central bank can perfectly communicate its own signal about the real
shock,
and

zi .

z cb = z + ξ,

to the public. As a result, rms receive now two exogenous signals,

Additionally, they can still use the demand signal

ỹ

z cb

as a source of information.

z , they can perfectly infer the monetary policy component m = βz cb of nominal
demand q . We guess that they can therefore extract an endogenous signal of the form
cb
z̄ = z − λ−1
c v , that is built using the demand signal ỹ and the central bank signal z .
Given this new information set, they can clearly identify the eect of money supply, m, on
nominal aggregate demand, q, but they still cannot perfectly see the real shock because of
the presence of the nominal shock, v .
We can show that the equilibrium λc is similar to λ in the baseline case with no
Using

cb

communication, as summarized in the following Lemma (see proof in Appendix A.7):

Lemma 3 For a given policy parameter β , λc is characterized in equilibrium by
λc =

(% − 1)(1 − χ)γc δ
,
1 + [%(1 − χ) − 1]γc

with
γc =

(22)

σε−2
σz−2 + σε−2 + Pc

where Pc is the combined precision of z cb and z̄ .
The endogenous signal
to

z,

z̄

therefore reects only the natural reaction of the demand signal

and its only source of noise is the nominal shock that moves

q.

Consistently with our guess, policy is irrelevant for the precision of the endogenous
signal. Dierently from before, the central bank cannot aect the information of the rms
by using a monetary policy that is more responsive to the central bank signal, because
this signal is already in rms' information set. On the other hand, similarly to what we
found in the no communication case, the endogenous signal is still aected by the natural
reaction of prices to the supply shock,

z,

and reveals

z

partly through that channel.

Even if they observe its policy component, rms still do not fully observe nominal

q , so they rely on the demand signal as a nominal source of information,
cb
as before. The normalized demand signal can be constructed as z̃c = βz − λc z̄ . The
rms can therefore take into account the nominal component of their price, as E(q) =
κc z̃c + λc E(z). The equilibrium is again characterized by the price gap and individual
aggregate demand
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price deviation from the mean that is similar to (20) (see proof in Appendix A.8):



p− p∗ = (λc − δ)
(1 + γc χ̃c )
Ē(z) − z


pi − p = (λc − δ) [1 − (1 − γc )χ̃c ] Ei (z) − Ē(z)

(23)

χ̃c = χ/(1 − χγc ). As before, rms react to their assessment of z when setting
their price. −δ corresponds to the optimal response of prices to the supply shock, while
λc describes how their expectation on z is used to correct their expectation on q .
where

From the expressions of the price gap and individual deviation, it appears that the only
potential dierence between the case with communication and the baseline case lies in the

z.

structure of information about

In what follows, we show that, since agents benet from

an additional signal in the communication case, the precision of the information about

z

is

higher. But, even without communication, when monetary policy is optimal, the central
bank can achieve the same level of precision of information as with communication.

Equilibrium precision of information
rms can estimate the real shock
an endogenous signal

z̃

by the nominal shock,

z.

We can now compare the precision with which

As already underlined, in the baseline case agents see

that is aected at the same time by the central bank noise,

v.

ξ,

and

Monetary policy directly aects the signal precision:

P (β) = κ(β)2 (σv2 + β 2 σξ2 )−1 .
Instead, in the case with perfect communication, agents' information boils down to an
endogenous signal (z̄ ) that is independent of policy and the central bank signal (z

z

cb

and

z̄

are independent, they can be combined into a new signal

∗

cb

). As

cb

z = E(z|z , z̄), whose

precision is given by

Pc = λ2c σv−2 + σξ−2
which is independent of policy.
We can prove that the precision with communication is strictly larger than without
communication, the only exception being when policy is optimal:

β = β ∗.

In the latter

case, the precision is exactly the same. This is formalized in the following Proposition (see
proof in Appendix A.9):

Proposition 2 For all β 6= β ∗ , we have P (β) < Pc . For β = β ∗ , we have P (β) = Pc .
The intuition behind this result is as follows. When rms share the same information as
the central bank, they can combine the central bank signal
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z cb with their endogenous signal,

z̄

to optimally extract information about

z.

To do this, they solve a trade-o between

the informational content of the central bank signal and the noise it introduces in their
expectations. On the opposite, when there is no communication between the central bank

z̃ .

and the public, rms can use only their endogenous signal,

This implies that whenever

the central bank does not behave optimally, it actually increases the uncertainty faced by
rms. So, in general, it is easier for rms to infer the real shock in the communication
case.

The only exception is when the central bank implements the signaling policy.

In

that case, the monetary authority itself trades-o the informational value of monetary
policy with the additional noise it introduces. Therefore, the optimal endogenous signal
in the no communication case is exactly equal to the signal that optimally combines the
central bank signal and the endogenous signal in the communication case. In other terms,

z̃(β ∗ ) = z ∗ .

The signaling policy is therefore a substitute to communication.

This is

illustrated in the left panel of Figure 3, where the loss function in the no communication

β = β ∗,

case is minimized for

where it becomes exactly equal to the loss function in the

perfect communication case.
We can show that the optimal monetary policy is the one that makes the central bank
signal irrelevant, because the endogenous signal
prices.
use

ỹ ,

z

19

cb

z̃

is a sucient statistics to set individual

This is illustrated in the right panel of Figure 3, which shows that, if rms can

the weight of

z

cb

depends on

latter case, whether

z cb

β.

The weight given to

z

cb

ỹ

β = 0, ỹ

and

z

and the demand signal

equals zero for

β = β ∗.

In that

is observed or not, does not make any dierence.

To understand, it is useful to consider how rms use
When

zi

when setting their price, along with their private signal

cb

are independent signals of

z,

ỹ

and

because

z cb

ỹ

in their price-setting.

does not depend on

z cb .

has then a positive weight in the individual price, because it depends negatively on the

supply shock, and
positively on

z cb ,

z.

z cb

When

so the weight of

has a negative weight, as shown in the gure, because it depends

β

z cb

starts to become negative,

ỹ

itself starts to depend negatively on

has to decline, until it becomes equal to zero. By modifying

the central bank then suppresses the necessity for rms to use

z

cb

β,

. Hence, the optimal no-

communication pricing policy is the one that does not even need communication, because
the endogenous signal already summarizes all the relevant information.

19 See Appendix A.10.
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Figure 3: Optimal policy with perfect communication
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5.2

Noisy Central bank Communication

Our analysis with perfect central bank communication shows that, in terms of welfare,
communication in general dominates the absence of communication, and that policy becomes irrelevant in the presence of communication.

Therefore, it would suce for the

central bank to communicate its signal to achieve a better outcome, without consideration
for the conduct of monetary policy. However, as we show in what follows, this result is not
robust to the introduction of noise in central bank communication. In that case, the signaling policy improves rms' information. As a consequence, the signaling policy remains
optimal.
We thus assume, once again, that the central bank can communicate its assessment on
the state of the economy

z cb

to the public. However, the central bank signal is processed

z̄i = z + ξ + ui
2
variance σu .

with a cost by the agents, so that they receive the communication signal
where

ui

is a gaussian i.i.d. idiosyncratic noise with mean zero and

As illustrated in the left panel of Figure 4, the simulations show that, in the presence
of noisy communication, the optimal

β∗

is equal to the value that holds in the absence of
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Figure 4: Optimal policy with noisy communication
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communication and is hence independent of

σu .

The precision of the communication signal

has therefore no eect on optimal policy. Moreover, the gure shows that the loss functions
are all identical for

β = β ∗,

whatever the level of communication noise. This means that,

by using the signaling policy, the central bank can reach the same level of welfare as
under perfect communication, even when communication is noisy. As in the absence of
communication, the signaling policy makes the endogenous signal the best summary of
the central bank's information and of the rms' private information, thus overcoming the
potential limits of direct communication. Even with an arbitrarily low level of noise, the
20

signaling policy is still optimal.

We can further understand this point by looking at the right panel of the gure. The
weight of the central bank signal is zero in the presence of noisy communication, when

β = β ∗.

As we already underlined, the signaling policy makes the central bank's signal

redundant. And since rms are unwilling to use of the central bank signal under perfect

20 Note though that a lower level of noise
marginal welfare losses from deviating form

σu makes the
β ∗ are lower.
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loss function less steep, which means that

communication, they are unwilling to use of a noisy version of it either.

6

Extensions

Here we consider extensions to our model. As information is at the core of our paper, most
of our extensions examine alternative information sets. First, we examine how our results
carry through if the demand signal is noisy, and if we allow rms to receive a noisy signal
about the marginal cost.

We also examine alternative information sets for the central

bank. In particular, we assume that the central bank uses a noisy measure of prices and
we study the implications of a more traditional price-targeting policy.

We additionally

examine the possibility for the central bank and rms to receive signals on the nominal
(velocity) shock

v.

In our baseline model, we have considered ecient shocks, as they

moved the social optimum in the same direction as the private optimum. We thus consider
also inecient shocks, that is, shocks that move the private optimum but not the social
optimum. Finally, we take a st pass at extending our framework to a dynamic setting.

6.1

Noisy endogenous signal

In the baseline model, we assumed that the observed individual demand could be perfectly
backed out to an endogenous signal that depends only on aggregate shocks. However, it is
reasonable to assume that either cognitive limits, or some individual demand shocks could
blur the endogenous signal. We therefore allow the individual demand
with an idiosyncratic noise.

Agents then observe

gaussian i.i.d. shock with mean zero and variance

yi

yi + xi , where xi is
σx2 . The endogenous

an idiosyncratic
signal extracted

from this observation is therefore perturbed both by the demand shock
idiosyncratic noise

−1

xi : z̃i = z + κ ν + τ

−1

xi , where κ and τ

to be observed

ν

and by the

are endogenously determined.

The results here are simulated. Consider Figure 5, which represents the loss function
with low noise in endogenous signal (σx
(σx

= 0.1)

as a function of

β.

= 0.01)

and high noise in endogenous signal

Note that with low noise, the optimal

β

is negative, as in

our baseline. With higher noise, optimal policy can consist in setting a positive

β.

Indeed,

as market signals are less powerful, the central bank renounces to its signaling channel in
21

order to make use of the more traditional surprise channel.

21 We can compare our results with Paciello and Wiederholt (2014). In a world where the central bank is
perfectly informed about the economic fundamentals, they nd that price stabilization and lower attention
maximize welfare. On the contrary, we nd that with an imperfectly informed central bank, more attention
(that is to say, a more precise endogenous signal) and a policy that emphasizes the natural movement of
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Figure 5: Noisy endogenous signal
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and

This numerical exercise suggests that, for

β∗

to be negative, the idiosyncratic noise

associated to the endogenous signal must not be too large. This assumption is backed by
the literature on rational inattention, and especially Mackowiak and Wiederholt (2009),
who show that rms must pay almost all their attention to idiosyncratic shocks, as opposed
to aggregate shocks, because they estimate that idiosyncratic volatility is almost one order
of magnitude larger than aggregate volatility. This implies that agents must be particularly
attentive to their local source of information, represented here by

6.2

yi .

Marginal cost signal

The rms' information problem is to infer their marginal cost. In our simple framework,
this marginal cost corresponds to the wage, which is observed only at the end of period.
If the wage were known at the price-setting stage, then the signal extraction problem
of rms would become trivial, as it would be optimal to simply set

pi = w .

As argued

earlier, in our view, it is reasonable to assume that rms do not observe their marginal
cost directly. However, it is also reasonable to assume that rms have some information
on their marginal cost. We introduce this idea by assuming that rms observe a signal on
prices, actually lowers the loss function. This can be seen from Figure 5, where the loss function is higher
when the endogenous signal is observed with higher noise.
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Figure 6: Marginal cost signal
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the wage

σe .

wi = w + ei , where ei

is an idiosyncratic noise with mean zero and standard error

We then examine how this assumption aects the equilibrium outcome and optimal

policy.
This extension is solved numerically, with dierent levels of
in Figure 6. For a low level of noise (σe
high level of noise (σe

= 0.1),

= 0.01),

σe .

The results are shown

the loss function is lower than with a

and even lower than the limit case with no marginal cost

signal. This is expected as rms are able to set prices more accurately when they have
more precise information. However, it appears that the optimal

β

is still negative in all

cases, which means that our signaling channel is still present. The accuracy of the marginal

β

cost signal decreases the magnitude of the optimal
zero as the level of noise
the private signal on

z

σe

though: it appears to get closer to

diminishes. This has the same eect as a greater accuracy of

(a lower

σ ).

A greater accuracy of private information in general

makes the endogenous signal a better signal of the real shock, which renders central bank
intervention less necessary.

6.3

Price target

We have assumed so far that the central bank actions were not conditional on any endogenous information, which does not correspond to how monetary policy is implemented
in practice.

We assume here that instead of observing a noisy signal of the real shock,

the central bank observes the price level with noise, which is a more realistic assumption.
It is also a natural way to introduce central bank noise. We then examine how optimal
policy would translate into a standard Taylor-type rule, where money supply reacts to its
measure of the price level. We nd that the signaling policy described in Section 4 is still
optimal. As in our baseline model, the central bank targets a positive correlation between
money supply and prices.
Denote by

ξp

the monetary policy noise, so that the central bank observes

σξp .
m = −βp (p − ξp ).

p − ξp . ξp

has mean zero and standard error
The monetary policy rule is

A positive

βp

would correspond to a

standard price-stabilization policy. Nominal demand then follows:

q = −βp p + βp ξp + v = −βp p + νp
where

νp = βp ξp + v

is the total demand disturbance. Now denote

precision of the signal is given by

2

Pp (βp ) = [κp (βp )]

The analysis remains similar to our baseline.
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(σv2

+

(24)

z̃p = z + κ−1
p νp .

The

βp2 σξ2p )−1 .

To see this, consider the endogenous

signal

ỹ :
ỹ = q + (% − 1)p = (% − 1 − βp )p + βp ξp + v

As

p

z , the central bank can make the endogenous signal more
large βp in absolute value. However, as the endogenous signal

respond to the real shock

sensitive to it by setting a

reacts positively to both prices and nominal demand, it is more ecient to make nominal
demand react in the same way as prices. This is achieved by setting a negative

βp .

We show indeed (see Appendix A.11 for details), that in equilibrium,

κp =
where

λ

(1 − χ)δγβp
−λ
1 − γ[%(1 − χ) − 1]

is dened as in (18). As before,

κp ,

(25)

the sensitivity of the endogenous signal to

z,

depends on the policy-induced response of nominal demand and on the natural response
of prices. The natural response is the same as before (λ), while now the reaction of the
nominal demand is a function of

βp

but also of the natural response of prices, because

policy reacts to prices and not directly to the shocks.
Again, optimal policy maximizes the precision of the endogenous signal. We show that
this is achieved by setting

βp = βp∗ ,

where

βp∗ =
The optimal

βp

−σv2
(% − 1)σξ2p

still depends on the relative variance of

the baseline case is that it does not depend on

λ

(26)

v

ξp . The only dierence with
on % − 1, the elasticity of the

and

but only

endogenous signal to prices.
It is optimal to make nominal demand respond positively to the central bank's signal
on prices. This gives more information on the real shock
following mechanism. Prices react negatively to

z.

z,

z

to prise-setters, through the

because rms receive private signals on

As a result, the central bank measures a decrease in prices, and reacts by decreasing

money supply.

The endogenous signal then decreases through two channels.

First, be-

cause of the price decrease, and second, because of the policy-induced decrease in nominal
demand. This decrease in endogenous signal constitutes a positive signal on

z , which leads

rms to set even lower prices, etc... This policy design thus enables rms to react more
accurately to the real shock

z.

The optimal response of the money supply to the price level measure is therefore
positive to emphasize the response of the endogenous signal to the real shock. The response
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of prices to a supply shock tends to be negative, so the optimal rule makes the money supply
respond negatively to a supply shock, which would make monetary policy counter-cyclical,
as in our baseline model.

6.4

Signal on the nominal shock

In our baseline model, we have assumed that the central bank and rms received information only on the real shock (z ), but not on the nominal or velocity shock (v ). We relax this
assumption here, by assuming that both the central bank and rms receive noisy signals
on

v.
We show that, while the central bank eectively emphasizes the price response to

real shocks, it stabilizes prices as a response to nominal shocks.

As the nominal shock

is inationary, the central bank reduces money supply following a positive signal on the
nominal shock, in order to limit its impact on the endogenous signal, which stabilizing
the response of price to the nominal shock. The objective of the central bank is still to
make the endogenous signal the best signal possible of the real shock. It has therefore to
minimize the impact of nominal shocks on the endogenous signal. This is an implication
of the divine coincidence through which a better information on the real shock implies a
better information on nominal demand.

v : v cb = v + ξv , where ξv is a
deviation σξv . Each rm also receives

We assume that the central bank gets a noisy signal on
Gaussian i.i.d. shock with mean zero and standard
a private signal on
zero and standard

v : vi = v + vi ,
deviation σv .

where

Figure (7) represents the optimal

β

vi

and

is an idiosyncratic Gaussian shock with mean

βv

under dierent values of

σξv .

The optimal

response to both real and nominal central bank signals is negative. As the real shock is
inationary while the nominal shock is deationary, this implies that it is still optimal to
make money supply comove positively with prices in the case of real shocks and negatively
in the case of nominal shocks, whatever the level of

σv

and

σξv .

σξv . When the central bank is perfectly informed on v (σξv
β ∗ goes to zero: it is enough to shut down nominal shocks
to make the endogenous variable reveal z to rms perfectly. As the central bank becomes
∗
less informed on v , (σξv increases), then it reacts less and less to its signal on v (βv is less
∗
negative) and more and more to its signal on z (β is more negative).
Consider now the eect of

∗
goes to 0), βv goes to -1 and
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Figure 7: Optimal policy with information on the nominal shock
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We set in the baseline

Inecient shocks

We introduce shocks to the elasticity of substitution between goods
varying.

Mark-ups are inversely related to

deviation of

%

%,

so we denote

from its steady state, and interpret

ρ

ρ

%,

which is now time-

the opposite of the log-

as shocks to the mark-up. By intro-

ducing mark-up shocks, we introduce shocks that drive inecient uctuations.

In that

case, the central bank does not necessarily want to improve the information of rms.
We assume that

ρ

is a gaussian shock with mean zero and variance

σρ2 .

The optimal

price-setting equation now becomes

pi = χEi p + (1 − χ)[Ei q + δρ Ei ρ],
δρ = 1/[(η + φ)(% − 1)].
shock. Notice that δρ is

with
up

(27)

The price responds to the rm's expectation of the markpositive, which means that a mark-up shock tends to be

inationary, contrary to the supply shock, which is deationary.
Firms have the same information set as before, but they also receive an individual

ρ: ρi = ρ + ωi ,
2
variance σω .

signal
and

ρi

on

where

ωi

is a gaussian iid idiosyncratic shock with mean zero

The central bank observes a signal

ρcb

on the mark-up shock
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ρ: ρcb = ρ + ξρ

where

ξρ is a gaussian iid shock with mean zero and variance σξ2ρ .
m = βρ ρcb , so that the nominal demand becomes

It then sets money supply as

q = β ρ ρ + νρ ,
with

νρ = v + βρ ξρ .

All the analysis of Section 3 holds, except for the denition of the price gap

p − p∗

and for Proposition 1 which dened optimal policy. Indeed, since mark-up shocks drive
inecient output uctuations, the socially optimal price is

p∗ = q .

The spread between

the realized and optimal price is then

pi − p∗ = χ[Ei (p) − p∗ ] + (1 − χ) {[Ei (q) − q] + δρ [Ei (ρ) − ρ]} + δρ ρ

(28)

As before, the expectation errors can be reduced by making the endogenous signal as
informative as possible. However, this would not be necessarily optimal here because it
would make agents respond better to mark-up shocks, which would drive inecient uctuations. Indeed, the price gap would still be equal to

δρ ρ

if the rms made no expectation

errors. It could then be optimal for the central bank to make the endogenous signal less
precise.
In fact, the optimal monetary policy
then given by

βρ∗

minimizes

the precision. The optimal policy is

dened as follows (the proof is available in Appendix A.12):

βρ∗ = −λρ (βρ∗ ) =

−(% − 1)(1 − χ)δρ σω−2
σρ−2 + %(1 − χ)σω−2

(29)

Now, the purpose of the central bank is to reduce the information content of the endogenous signal by counteracting the eect of mark-up shocks on prices. Since a mark-up shock
is inationary, monetary policy is restrictive following a mark-up shock, so that the endogenous signal does not reveal anything about that shock to the agents. This contributes
22

to lower the responsiveness of output to the inecient mark-up shocks.

22 Our results are consistent with Angeletos and Pavan (2007) and Angeletos et al. (2016). They nd
that when the business cycle is driven by non-distortionary forces (e.g., productivity shocks), welfare
always increases with information's precision. When the business cycle is driven by distortionary forces
(e.g., mark-up shocks), welfare decreases with information.

35

6.6

Dynamic extension

Here we examine how our simple static framework can be extended to a dynamic one.
The purpose is not to provide a full-edged dynamic extension, but to show how such a
dynamic model could be developed. We therefore present the simplest dynamic extension
possible, and show that it can be mapped into our simple static framework, with some
slight changes.
We keep the same structure as in our baseline model, and consider now that time is
innite and discreet. We also now focus on a cashless economy, as dened by Woodford
(2003), where monetary policy is dened in terms of nominal interest rate, and money is
not introduced explicitly.
The household is innitely lived and has the following lifetime utility:

Ut =

∞
X

β s u(Yt+s , Nt+s , Zt+s )

s=0
where

u, Y , N

and

Z

are dened as in (1). The household has the same budget constraint

(2) as before, except that she also holds nominal bonds
rate

i.

We also introduce transfers

Z

B

that yield the nominal interest

T

from the government. We thus have

Z

1

1

Πit di + Wt Nt + (1 + it−1 )Bt−1 + Tt

Pit Cit di + Bt =
0

0

Bt+1 = (1 + it )Bt + Tt ,

The budget constraint of the government being

the resource

constraint of the economy boils down to Equation (2).
The central bank sets the nominal policy rate

icb
t ,

and the eective interest rate faced

by the household is then

it = icb
t − vt
vt

(30)

is a nominal interest rate shock that is not under the control of the central bank. It

plays the same role as the velocity shock in our baseline model.
For simplicity, we assume that

z = log(Z)

and

v

are i.i.d.

shocks and follow the

same distribution as before. Regarding information, all past shocks and past variables are
known to all agents.
as in our baseline.

The dynamic problem then reduces to a repeated static problem,

The information about the current realization of shocks follows the

same structure as in our baseline model. All our key equations hold, especially the pricing
equation (6). The endogenous signal is still

ỹ = y + %p.
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We dene nominal spending as

before

q = y + p,

so that

ỹ = q + (% − 1)p.

The monetary policy rule is now dened as

cb
icb
t = βz

(31)

The only dierence with our static model is the way nominal demand

q

is determined.

From the model's Euler equation, we can show that

(φyt + pt ) = Et (φyt+1 + pt+1 ) − it
Et (.) represents the household's expectations. Since all our shocks are i.i.d., Et (yt+1 ) =
Et (pt+1 ) = 0, which enables us to write, using q = y + p, and the monetary policy rule
where

(31), along with the interest rate equation (30)

qt =
where

ν = βξ + v

1−φ
1
1−φ
1
(βz cb + vt ) −
pt = (βz + νt ) −
pt
φ
φ
φ
φ

(32)

as before. This equation is the counterpart of Equation (12). Nominal

demand is related to the policy rule through the elasticity of intertemporal substitution

1/φ.

Importantly, nominal demand does not depend on policy only. The price now plays

a role as well, as a higher price today means a higher expected real interest rate, which
has a negative impact on demand.
We can show that the optimal

β

is still the one that maximizes the precision of the

endogenous signal (see Appendix A.13). It is now dened as follows:

β∗ = −
where

λ

σv2
λσξ2

(33)

is given by

λ=
Notice that now, the sign of

λ

(φ% − 1)(1 − χ)γδ
1 + [φ%(1 − χ) − 1]γ

(34)

can be negative, depending on the sign of

φ% − 1.

This

comes from the fact that the eect of aggregate prices on the endogenous signal is now
ambiguous. On the one hand, higher prices increase the demand for the individual good,
for a given level of nominal demand. This eect was present in the static model and is
governed by the elasticity of substitution

%.

However, now higher prices decrease nominal

demand, which decreases the demand for the individual good. This eect was absent in
the static model and is governed by the elasticity of intertemporal substitution

φ% < 1,

the latter eect dominates, which is reected in a negative
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λ.

1/φ.

When

In that case, it would be optimal to set a positive

β.

Indeed, a positive supply shock, by

decreasing prices, will have a positive eect on the endogenous signal. An increase in the
endogenous signal is therefore good news about
gets a good news about

z

for rms. When the central bank itself

z , it can reinforce the information content of the endogenous signal

by decreasing the nominal interest rate and hence further stimulating nominal demand,
which will reinforce the positive eect of
Can

φ%

z

on the endogenous signal.

be lower than 1 for realistic parameter values? The admissible values for

go from 0.1 to 2.

23

The value for the elasticity of substitution between goods

%

1/φ

has been

estimated in the range of 1.5-10, where lower values correspond to estimations on aggregate
data and higher values to estimations on sectoral data.
case completely,
values of

1/φ.

24

Whereas we cannot exclude this

φ% is lower than 1 only for extremely low values of %, and extremely large

Our main predictions are therefore most likely to carry through in this

simple dynamic framework.

Discussion

How could the dynamic analysis be extended further and how would that

change our results? First, more persistence in shocks could be added. With more persistent
shocks, and under the assumption that past shocks are not known, it would be relevant to
make the policy rate depend on past signals as well, which would give rise to some interest
rate smoothing.
Second, the structure of the model could be enriched. In particular, what appears to be
crucial is the structure of the endogenous signal, and especially, how that signal depends
respectively on aggregate prices and on policy-related demand. In our baseline model, aggregate prices aect positively the endogenous signal. Since the real shock has a negative
eect on prices, this led to a counter-cyclical monetary policy. If aggregate prices aected
the endogenous signal negatively, then the signaling policy would be pro-cyclical. This result could be obtained if prices had a suciently negative eect on aggregate demand  and
hence on the individual demand for good. The introduction of a Fisherian debt-deation
mechanism, for instance, because it makes aggregate demand react more negatively to the
price level, could make a pro-cyclical policy a better way to reveal information to agents.

23 See for instance Hall (1988), Barro (2009), and, for a meta-analysis, Havranek et al. (2015).
24 See Imbs and Méjean (2015).
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7

Conclusion

In this paper we show that optimal monetary policy is deeply aected by the assumptions
concerning the information structure of the economy.

In more traditional settings with

exogenous information, the central bank uses its policy to directly inuence the economic
outcomes. In that case, monetary policy uses the surprise channel to produce real eects.
When signals comes from local markets, the central bank cannot exploit the surprise
channel. Its policy actions are reected in the market variables and thus anticipated by the
agents. This implies that the central bank has to renounce to that channel. Nevertheless
it can activate the signaling channel, thus inuencing the endogenous signals observed
by agents. Through endogenous signals, it can maximize agents' ability to infer the state
of the fundamentals. This constitutes what we called the signaling policy.
In our model with endogenous information, we show that when a positive supply shock
hits the economy, the signaling policy must be conter-cyclical, which emphasizes the natural movement in prices. The assumption of exogenous information would instead lead to
price stabilization. While we show that the signaling policy can starkly dier from standard policy recommendations, our dynamic extension suggests though that the precise
shape of the signaling policy can depend more generally on the structure of the economy
and on parameters. An avenue of research will consist in evaluating the signaling policy
in richer environments.
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A

Proofs

A.1

The Price-setting Equation

The prots of rm

i

are

Πi = Pi Yi − W Ni .

Using the individual good demand equation,

(3), the production technology, (5), we can write these prots as


Πi = (Pi − W )Y
The optimality condition with respect to

Pi ,

Pi
P

−%

resulting from the model specied in

section 2 is then

(   )
(
 −(%+1) )
−%
Pi
(Pi − W )Y Pi
Ei Y
= Ei %
.
P
P
P
The log-linear version of equation (35) is:

pi = Ei (w).
where we discard constant terms.
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(35)

In order to nd

w,

we use the household's optimality conditions and equation (3)

W
Nη
=
,
P
ZY −φ
which yields in log-linear terms:

w = p + ηn + φy − z.
Using the approximation

y =

R1
0

yi di,

and

n=

R1
0

ni di,

we get

n=y

as

y i = ni ,

which

implies that the individual price is set as follows:

pi = Ei (p) + (η + φ)Ei (y) − Ei (z).
Finally, replacing

A.2

y

with

q − p,

we obtain the price-setting equation (6).

The Welfare Approximation

The ecient level of output is dened as the one that emerges under a social planner in
the symmetric equilibrium, where

Pi = P , W = P

and

Yi = Y

for all

i.

In that case,

the marginal rate of substitution between labor and consumption is equal to the marginal
product of labor. With

N =Y,

this gives

Y φ+η = Z
that in logs becomes

y=
Ecient output is therefore
well so

ȳ =

y ∗ = δz .

1
z.
φ+η

(36)

Besides, (36) should be valid in the steady state as

1
z̄ .
φ+η

Using the full employment condition and the production function for each individual
good

i,

we can rewrite the utility function as

u(Y, N, Z) =

e(1−φ)y
− e−z
1−φ
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R

1 yi
e di
0

1+η

1+η

.

(37)

Note that

yi = y + yi − y .

The second-order approximation of the utility function is then


2
y
u(Y, N, Z) ≈ e(1−φ)ȳ y + 1−φ
2

R1
R1
R1
2
2
−e(1+η)ȳ−z̄ y + 1+η
y
+
(y
−
y)di
+
(y
−
y)
di
−
zy
−
z
(y
−
y)di
i
i
i
2
0
0
0
+t.i.p., ,
(38)
where

t.i.p.

stands for terms that are independent of policy" and includes the terms that

are completely exogenous, like productivity.

V

R1
Dening the cross sectional mean as Ei (yi ) =
y di, the cross sectional variance as
0 i
R1
2
ari (yi −y) = 0 (yi −y) di, and taking into account that (1−φ)ȳ = (1+η)ȳ − z̄ , Equation

(38) becomes

u(Y, N, Z) ≈ e

(1−φ)ȳ




η+φ 2
y − [Ei (yi ) − y] − V ari (yi − y) + zy + zV ari (yi − y) +t.i.p., ,
−
2
(39)

Using the second-order approximation of the consumption bundle

y = Ei (yi ) +

1 − %−1
V ari (yi − y)
2

(40)

we can rewrite the approximation in (39) as

(1−φ)ȳ



u(Y, N, Z) ≈ −e

≈ −e(1−φ)ȳ

Given that

δ = 1/(φ + η)

u(Y, N, Z) ≈ −e

(1−φ)ȳ η


η+φ 2
1
y − zy − V ari (yi − y) − zV ari (yi − y) + t.i.p.,
2
2%
!

2
1
η+φ
1
y−
z − V ari (yi − y) − zV ari (yi − y) + t.i.p.
2
η+φ
2%

and

+φ
2

χ = 1 − (η + φ),


[y − δz]2 −

this becomes


1
V ari (yi − y) − 2δzV ari (yi − y) +t.i.p.,
%(1 − χ)
(41)

Dropping the proportionality factor and substituting in the second term the full information production

y ∗ = δz ,

gives:

−Eu(Y, N, Z) ≈

E(y − y ∗ )2 +

≈ V ar(y −

1
V ari (yi − y) + t.i.p.
%(1−χ)
1
y ∗ ) + %(1−χ)
V ari (yi − y) + t.i.p.,
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(42)

p∗ = q − δz and by using the aggregate demand equation
∗
∗
(7), we get y − y = −(p − p ). Besides, the individual demand equation (9) yields
yi − y = −%(pi − p), so (42) rewrites as
Finally, note that, by dening

−Eu(Y, N, Z) ≈ V ar(p − p∗ ) +
Then simply dene

A.3

Φ = %/(1 − χ)

%
V ari (pi − p) + t.i.p.
(1 − χ)

to obtain the central bank loss function (11).

Proof of Lemma 1

We rst solve for the equilibrium pricing equation, given our guess of the endogenous
signal:

z̃ = z + κ−1 ν ,

then characterize

κ,

and nally study existence and unicity of the

solution.

Solving the pricing equation

Replacing the monetary policy rule (12) in the price-

setting equation (6), we obtain

pi = χEi (p) + (1 − χ)Ei [(β − δ)z + ν]
= χEi (p) + (1 − χ)Ei [(β − δ − κ)z + κz̃]
We make the following guess:
of

p

and

z

pi = αzi + α̃z̃ .

This yields

p = αz + α̃z̃ .

(43)

Taking expectations

and replacing in (43), we get

pi =

n
o
χαγ
+(1 − χ)(β − δ − κ)γ
zi
n h
i
h
i o
+ χ αγ̃ + α̃ +(1 − χ) (β − δ − κ)γ̃ + κ
z̃

After identifying the coecients and re-arranging we nd

α=

Characterization

(1 − χ)(β − δ − κ)γ
1 − χγ

α̃ = κ +

(β − δ − κ)γ̃
1 − χγ

(44)

ỹ = y + %p = q + (% − 1)p =
βz+ν+(%−1)p = κz̃+(β−κ)z+(%−1)p. Using our guess-and-verify solution for pi , we infer
that p = αz+α̃z̃ and then replace in ỹ , so we can write ỹ = [κz̃+(%−1)α̃]+[β−κ+(%−1)α]z .
ỹ depends linearly on z and ν . For our guess to be true, we need that ỹ = f z̃ for some
constant f . Identifying the coecients, we get
Firms observe the adjusted demand

β − κ + (% − 1)α = 0
46

replacing

α

using (44) and rearranging, we get (17).

Existence and unicity

Equation (17) can be rewritten as

X(κ) = β

with

(% − 1)(1 − χ)σε−2 δ
X(κ) = κ + −2
σz + κ2 σν−2 + %(1 − χ)σε−2

(45)

R with values between −∞ and +∞, so a solution κ(β) to (17) exists.
Suppose β < 0. According to (51), κ < X(κ) as δ > 0, so necessarily a solution
κ(β) < β < 0. For the solution to be unique, it is then sucient that X is strictly
increasing for all κ < 0. X is continuously dierentiable with

X

is continuous on

X 0 (κ) = 1 −

2κ(%−1)(1−χ)σε−2 σν−2 δ
−2
[σz +κ2 σν−2 +%(1−χ)σε−2 ]2

κ < 0, as δ > 0. So X is strictly increasing
for β < 0, the solution κ(β) of X(κ) = β is unique.
When β > 0, there could be multiple solutions.

This is positive if

A.4

in

κ

for

κ ∈ R−.

Therefore,

Proof of Equations (20)

p∗ = (β − δ)z + ν = (β − δ − κ)z + κz̃ .
α and α̃ are dened by (44), we obtain

Note that we can write

p = αz + α̃z̃ ,

where

p − p∗ =
Using the above expression for

(β − δ − κ)
[(1 − γ − γ̃)z − γ̃κ−1 ν]
1 − χγ

pi ,

we can also write

pi − p =

(1 − χ)(β − δ − κ)
γεi
1 − χγ

Finally, note that

Ēz − z
= −(1 − γ − γ̃)z + γ̃κ−1 ν
Ei z − Ēz = γεi
and that

β − δ − κ = λ − δ,

which yields (20).
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Then combining with

A.5

Proof of Lemma 2

We rst write more explicitly the loss function:

L = δ2
where

σz−2 + P (β) + Φ(1 − χ)2 σε−2
[σz−2 + P (β) + %(1 − χ)σε−2 ]2

P (β) = κ(β)2 [β 2 σξ2 + σv2 ]−1 .

This expression is obtained by replacing the output

gap and the individual deviations using (20), then replacing
replacing

γ , γ̃

We then

A.6

using (17), and nally by

χ̃ by their expressions.
replace Φ = %/(1 − χ) and obtain

depends on

precision

κ

and

L=
L

(46)

β

P (β).

δ2
σz−2 + P (β) + %(1 − χ)σε−2

only through the precision

Therefore, the level of

β

P (β). L

(47)

decreases monotonously with the

that maximizes the precision also minimizes

L.

Proof of Proposition 1

Take the log of

P (β)

to obtain

log(P (β)) = 2 log(κ(β)) − log(β 2 σξ2 + σv2 ).

The precision

has a component due to the sensitivity of the signal (rst part) and a component due to

β

the policy-induced noise (second part). The optimal

is then dened by:


∂ log(P )
2 

=

∂β
P (β) 


βκ0 (β)
κ(β)
| {z }

Elasticity of

The equilibrium

β

κ

β 2 σξ2
β 2 σ 2 + σv2
| ξ{z }

−
to

β



=0


(48)

Share of policy-induced noise in demand disturbance

therefore equalizes the elasticity of

κ to β

to the share of policy-induced

noise in the endogenous signal's noise.
We can show that at the optimum, the elasticity is equal to the share of policy in the

β/κ. To establish this result on the elasticity, suppose there exists β ∗
∂ log(P )(β ∗ )/∂β = 0. This implies that κ0 (β ∗ ) = 1, since, according to (17) and

signal sensitivity
such that
(18),

κ0 (β) = 1 +
Therefore,

βκ0 (β)/κ(β) = β/κ

(% − 1)(1 − χ)δ(σε2 )−1 P (β)∂ log(P )/∂β
[σz−2 + P (β) + %(1 − χ)σε−2 ]2
at the optimum.
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Replacing in

∂ log(P )/∂β

and rearranging, we nd that

β∗

must satisfy

(β ∗ )2 σξ2
β∗
=
,
κ(β ∗ )
(β ∗ )2 σξ2 + σv2
β∗

which characterizes

uniquely. This equation can be rewritten using

κ = β + λ to obtain

Equation (21).

A.7

Proof of Lemma 3

As for Lemma 1, we rst solve for the equilibrium pricing equation, given our guess of the

z̄ = z − λ−1
c v,

endogenous signal:

then characterize

λc ,

and nally study existence and

unicity of the solution.

Solving the pricing equation

The price-setting equation (43) can be re-written as

pi = χEi (p) + (1 − χ)Ei [(λc − δ)z + βz cb − λc z̄]
pi = αzi + ᾱz̄ + αcb z cb .

We make the following guess:
Taking expectations of

pi =

p

and

z

This yields

(49)

p = αz + ᾱz̄ + αcb z cb .

and replacing in (49), we get

n
o
χαγ
+(1 − χ)(λc − δ)γ
zi
i o
n h
i
h
z̄
+
χ αγ̄ + ᾱ
+(1 − χ) (λc − δ)γ̄ − λc
n h
i
h
i o
+ χ αγ cb + αcb +(1 − χ) (λc − δ)γ cb + β
z cb

γ , γ̄ and γ cb are the Bayesian weights associated to zi , z̄ and z cb respectively, so
Ei (z) = γzi + γ̄ z̄ + γ cb z̄ . After identifying the coecients and re-arranging we nd

where
that

α=

(1 − χ)(λc − δ)γ
1 − χγ

ᾱ = −λc +

(λc − δ)γ̄
1 − χγ

αcb = β +

(λc − δ)γ cb
1 − χγ
(50)

Characterization

ȳ = q + (% − 1)p = βz cb + v + (% −
1)(αz + ᾱz̄ + αcb z cb ), where we have used p = αz + ᾱȳ + αcb z cb . ỹ can be a function of z cb
−1
and z̄ only. Therefore, the term v + (% − 1)αz must be proportional to z̄ = z − λ v .
Firms observe the demand index:
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Identifying the coecients, we get

λ = −(% − 1)α
using the solution for

α

given by (50), this yields (22).

Existence and unicity

Equation (22) can be rewritten as

x(λc ) =
x

(% − 1)(1 − χ)σε−2 δ
σz−2 + λ2c σv−2 + %(1 − χ)σε−2

with

(51)

λc cannot be negative. On R+, x is continuously decreasing with
(0, λ̄], λ̄ = (% − 1)(1 − χ)σε−2 δ/[σz−2 + %(1 − χ)σε−2 ], so a unique solution

is strictly positive so

bounded values in

λc

x(λc ) = λc

to (22) exists.

A.8

Proof of Equations (23)

Since we can write

p∗ = (β − δ)z + ν = βz cb + (λc − δ)z − λc z̄ ,

p − p∗ =

we have

(λc − δ)
cb
[(1 − γc − γ̄c − γccb )z − γ̄c λ−1
c v − γc ξ]
1 − χγc

Using the above expression for

pi ,

we can also write

pi − p =

(1 − χ)(λc − δ)
γc εi
1 − χγc

Finally, note that

cb
Ēz − z
= (1 − γc − γ̄c − γccb )z − γ̄c λ−1
c v − γc ξ
Ei z − Ēz = γc εi
which yields (23).

A.9

Proof of Proposition 2

Here we prove that the precision under communication is strictly larger than in the absence
of communication, except when

β = β ∗,

in which case they are equal.

50

Suppose

P (β ∗ ) = Pc .

This would imply:

κ(β ∗ )2 (σv2 + (β ∗ )2 σξ2 )−1 = λ2c σv−2 + σξ−2

(52)

Besides, according to (18) and (22), it would imply that:

λc = λ(β ∗ )
Using the characterization of

β∗

given by Equations (A.6) and (21), we know that

κ(β ∗ ) = β ∗

λc

and

κ

in (52), then replacing

(β ∗ )2 σξ2

β ∗ σv2
(β ∗ )2 σξ2

λ(β ∗ ) =
Replacing

σv2 +(β ∗ )2 σξ2

λ,

2

we get

(β ∗ )2 [σv2 +(β ∗ )2 σξ2 ] [σv2 +(β ∗ )2 σξ2 ]

−1

[(β ∗ )2 σξ2 ]2
2
−1
σv2 +(β ∗ )2 σξ2 σv2 +(β ∗ )2 σξ2
(β ∗ )2 σξ4
σv2 +(β ∗ )2 σξ2
(β ∗ )2 σξ4

[

][

[

]

]

=

(β ∗ )2 σv2
[(β ∗ )2 σξ2 ]2

=

σv4 σv−2
(β ∗ )2 σξ4

=

+ σξ−2

+

(β ∗ )2 σξ2
(β ∗ )2 σξ4

[σv2 +(β ∗ )2 σξ2 ]
(β ∗ )2 σξ4

which is always true.
Therefore,

β 6= β

∗

A.10

P (β ∗ ) = Pc .

P (β ∗ ) > P (β)

for all

β 6= β ∗ ,

then

P (β) < Pc

for all

.

Weight of

z cb

We consider the case when

z̃c = z̃ .

Since

in the pricing equation

β = β ∗.

Note that in that case

κc = κ, λc = λ, γc = γ

c.
cb cb
cb
Consider now the optimal pricing equation pi = αzi + ᾱz̄ + α z , where α, ᾱ,α ,
cb cb
dened in (50). We now show that ᾱz̄ + α z = α̃z̃ , where α̃ is given by (44).

and

We therefore discard in what follows the subscript

We begin by writing

ᾱz̄ + αcb z cb =
−
=

h

κ+

h

λ+

h

β+

51

i

(λ−δ)(γ̄+γ cb )
z
1−χγ
i
(λ−δ)γ̄
λ−1 v
1−χγ
i
(λ−δ)γ cb
ξ
1−χγ

are

From Equation (18) in Proposition 1, we have at the optimum

−λ
γ̄
= cb
β
γ
Hence

γ̄ + γ cb
κ
=
β
γ cb

Replacing

β

and

−λ

κ
γ̄ + γ cb
=
−λ
γ̄

using these expressions and rearranging, we obtain:

cb cb

ᾱz̄ + α z

h

=

κ+

(λ−δ)(γ̄+γ cb )
1−χγ

i

[z + κ−1 (v + βξ)]

= α̃z̃
This means that, once we use the endogenous signal

z̃ ,

the weight of

z cb

in the optimal

pricing equation is zero.

A.11

Solving the model with a price target

Here we sketch the proofs, as they follow the same steps as for the baseline case.

We

rst solve for the equilibrium pricing equation, given our guess of the endogenous signal:

z̃p = z + κ−1
p νp ,
βp .

with

νp = βp ξp + v ,

Solving the pricing equation

then characterize

κp .

Finally, we solve for the optimal

The price-setting equation (43) can be re-written as

pi = χEi (p) + (1 − χ)Ei [κp z̃p − βp p − κp z − δz]
We make the following guess:
expectations of

p and z

pi = αzi + α̃p z̃p .

This yields

p = αz + α̃p z̃p .

(53)

Taking

and replacing in (53), then after some calculations, we can identify

the coecients and obtain after rearranging:

α=

−(1 − χ)(κp + δ)γ
(1 + βp )[1 − χγ + (1 − χ)γβp ]

α̃p =

κp
(κp + δ)γ̃
−
1 + βp (1 + βp )[1 − χγ + (1 − χ)γβp ]
(54)

Characterization of κp

ỹ = q + (% − 1)p = (−βp +
pi , we obtain p and then replace

Firms observe the demand index:

% − 1)p + κp κ−1
p νp . Using our guess-and-verify solution for

52

in

ỹ ,

which yields:

ỹ = (−βp + % − 1)(αz + α̃p z̃p ) + κp κ−1
p νp
ỹ depends linearly on z , v and z̃p . For our guess to be true, we need that ỹ − (−βp + % −
1)α̃p z̃p = f z̄ for some constant f . Identifying the coecients, we get
(−βp + % − 1)α = κp
Replacing

α

and rearranging, we obtain

κp =

−(1 − χ)[% − 1 − βp ]γδ
1 + γ[%(1 − χ) − 1]

which yields (25).

Optimal βp

Our proof follows the lines of the proof of lemma 2 and Proposition 1. The

steps are very similar because the optimal

κ2p [βp2 σξ2

+

βp maximizes
P.

the precision of

z̃p , Pp (βp ) =

σv2 ]−1 , which is of the same form as

We rst determine the price gaps.

Since we can write

κp z̃p − βp p − (κp + δ)z = (κp − βp α̃p )z̃p − (κp + βp α + δ)z ,
p − p∗ =

p = αz + α̃p z̃p

and

p∗ =

we get

κp + δ
[(1 − γ − γ̃)z − γ̃κ−1
p ν]
1 − χγ + (1 − χ)γβ

Using the above expression for

pi ,

we can also write

pi − p =

−(1 − χ)(κp + δ)
γεi
1 − χγ + (1 − χ)γβ

We can then write more explicitly the loss function:

L = δ2

σz−2 + Pp (βp ) + Φ(1 − χ)2 σε−2
[σz−2 + Pp (βp ) + %(1 − χ)σε−2 ]2

(55)

This expression is obtained by replacing the above price gap and the individual deviations
in the loss function, then replacing

κp

using (25), and nally by replacing

γ

and

γ̃

and by

their expressions.
The expression for the loss function is exactly identical to (46), suggesting that, as in
the baseline, the optimal
As

Pp

βp

maximizes the precision of the endogenous signal

has the same expression as

Pp .

P , the optimal βp , denoted βp∗ , must satisfy the same
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optimality condition (48). However, now the expression for

κp , (25), is dierent from (17),

yielding

κ0p (βp∗ ) =

(1 − χ)γδβp
1 + γ[%(1 − χ) − 1]

∂log(Pp )(βp )/∂βp = 0 for βp = βp∗ .
∗
Replacing in ∂ log(P )/∂β and rearranging, we nd that βp
∗
which characterizes βp uniquely.
where we use the fact that

A.12

must satisfy Equation (26),

Solving the model with mark-up shocks

We proceed as in the baseline case to derive the average price gap and the individual
deviations from the mean:

p− p∗ = −(λρ − δρ )
(1 + γρ χ̃ρ )
pi − p = −(λρ − δρ ) [1 − (1 − γρ )χ̃ρ ]
where χ̃ρ = χ/(1
R1
Ei (ρ)di. λρ is
0

− χγρ ), γρ

and

γ̃ρ

are dened as in (16),

Ei (ρ)

follows (15) and

−(% − 1)(1 − χ)δρ γρ
1 + [%(1 − χ) − 1]γρ

λρ =
and



Ē(ρ) − ρ + δρ ρ


Ei (ρ) − Ē(ρ)

(56)

Ē(ρ) =
(57)

κρ = βρ + λρ .

To determine optimal policy, we proceed as for the proof of Lemma 2 and write more
explicitly the loss function:

L = δρ2
where

[Pρ (βρ ) + %(1 − χ)σω−2 ]2 σρ2 + Pρ (βρ ) + Φ(1 − χ)2 σω−2

2
σρ−2 + Pρ (βρ ) + ρ(1 − χ)σω−2

Pρ (βρ ) = κρ (βρ )2 (σv2 + βρ2 σξ2ρ )−1 .

(58)

This expression is obtained by replacing the output

gap and the individual deviations using (56), then replacing

λρ

using (57) and nally by

γρ , γ̃ρ and χ̃ρ by their expressions.
Replacing Φ = %/(1 − χ), we obtain

replacing

L = δρ2

−2 2 2
−2
[Pρ (βρ )+%(1−χ)σω
] σρ +Pρ (βρ )+%(1−χ)σω
2

[σρ−2 +Pρ (βρ )+%(1−χ)σω−2 ]
−2
σρ−2 +Pρ (βρ )+%(1−χ)σω
= δρ2 σρ2 [Pρ (βρ ) + %(1 − χ)σω−2 ] −2
−2 2
[σρ +Pρ (βρ )+%(1−χ)σω ]
−2
Pρ (βρ )+%(1−χ)σω
2 2
= δρ σρ σ−2 +P (β )+%(1−χ)σ−2
ρ

ρ

ρ

ω
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(59)

L

βρ
Pρ (βρ ).

depends on

precision

only through the precision
Therefore, the level of

That level is such that

A.13

κρ = 0,

βρ

Pρ (βρ ). L

increases monotonously with the

that minimizes the precision also minimizes

which implies

βρ = −λρ .

L.

This yields expression (29)

Solving the dynamic model

Combining the expression for nominal demand (32) along with the endogenous signal

ỹ = q + (% − 1)p,

we determine that the endogenous signal can be written as follows



1
1
pt
ỹt = (βzt + νt ) + % −
φ
φ
rescaling

ỹ ,

we get

φỹt = βzt + νt + (φ% − 1)pt
φỹt

is exactly of the same form as

with

φ%.

ỹ

in the static case, except that

%

has been replaced

The solutions and optimal policy are then adjusted accordingly.
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