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Résumé: Cet article étudie la valeur sociale de I’information sur le future
lorsque les agents sont rationnellement inattentifs. Dans un modéle a généra-
tions imbriquées d’inflation la banque centrale (BC) peut régler la masse moné-
taire en réponse au prix actuel. La BC a clairvoyance parfaite sur les T chocs
futurs et dévoile cette information aux agents qui sont rationnellement inatten-
tifs. A I’équilibre a anticipations rationnelles, les risques individuels et agrégés
peuvent augmenter avec la diffusion de I’information lorsque le comportement
monétaire n’est pas "assez réactif" et les agents ne sont “pas assez attentifs" aux
nouvelles. En particulier, avec un horizon T plus long, les agents doivent étre
plus attentifs pour éviter des effets pervers sur le bien-étre, alors que la notion
de "assez réactif" reste invariante. En ce sens, une politique monétaire efficace
est une condition préalable a une communication efficiente.

Classification JEL: E50, E58, E60, D83.

Mots-clés: Acquisition de I’ Information, Communication de la Banque Cen-
trale, Politique Monétaire, Valeur Sociale de I’Information.

Abstract: This paper studies the social value of information about the future
when agents are rationally inattentive. In a stylized OLG model of inflation the
central bank (CB) can set money supply in response to the current price. The CB
has perfect foresight about the future 7" shocks and releases this information to
rationally inattentive agents. At the unique REE, individual and aggregate risks
can increase with the release when the monetary conduct is not "tight enough™
and agents are "not attentive enough™ to the news. In particular, the shorter
the T, the more attentive the agents must be to avoid perverse welfare effects,
whereas the notion of "tight enough™ remains invariant. In this sense, efficient
communication requires effective monetary policy.

JEL Classifications: E50, E58, E60, D83.

Keywords: Information Acquisition, Central Bank Communication, Mone-
tary Policy, Social Value of Information.



1 Introduction

Should a central bank (CB) disclose information about the future? Should the
CB be concerned about how attentive the private sector is to the announcements?
And could the answer depend on how limited is the CB in the use of its first-
best conventional policy? These questions are motivated by the unfolding of
the recent crisis which forced many CBs to develop non-conventional policies
to overcome the ZLB of the interest rate. At the same time, the fear that un-
certainty could become a dominant sentiment on the markets stimulated an in-
creasing recourse to long-horizon communication. The effect of such a change
in communication policy, referred to as forward guidance, has been empirically
documented in a number of recent studies (Campbell and others, 2012; Del Ne-
gro and others, 2012; Kool and Thornton, 2012).

Forward guidance occurs typically in the form of an announcement on the
joint combination of the expected future economic outlook and contingent pol-
icy actionst. Though the purpose of the monetary policy should be clear in prin-
ciple, the informational content about the future economic course appears to be
at least a matter of subjective interpretation. The innate problem of what the pri-
vate sector understands about public announcements has always shed a shadow
on the overall convenience of communication policies and forward guidance in
particular.

Motivated by these issues this paper presents a theoretical analysis of the
social value of information about the future. It emphasizes the perils of releasing
information about the future, especially when its vagueness could exacerbate
a difference in subjective beliefs and the CB is bound in the use of its first-
best conventional policy. The key element is exploring the consequences of
agents being rationally inattentive (a la Sims (2003)) to the central banker’s
announcements. This modeling tool captures the difficulty of the private sector
to uniformly absorb available information which can arise due to both (or either)
the communication transparency of the CB and the understanding of agents.

| use rational inattention to formalize the main idea that this paper has to
offer to the debate. The release of information about the future entails a critical

LCambell and others (2012) refer to these two aspects of forward guidance respectively as
Delphic and Odissean. The latter refers to a public commitment by the CB to follow a certain
path of future interest rates as suggested, for example, by Eggertsson and Woodford (2003) and
Werning (2012). The former instead concerns a public release of the CB superior knowledge
about the future which does not necessarily entail a commitment. This paper emphasizes the
Delphic aspect of forward guidance although Odissean elements can be contextualized in two
respects. First, in environments with informational asymmetries between the private sector and
the CB an Odissean commitment cannot occur without an implicit Delphic release of informa-
tion. Second, an Odissean commitment implies by definition a limitation in the ability of the
CB to dampen aggregate fluctuations which is an element discussed in the paper.



trade-off. On the one hand, more information? allows agents to explain a larger
fraction of macro-volatility. On the other hand, more information increases the
volatility and persistence of macro outcomes as expectations become increas-
ingly reactive to future shocks. Hence, the net effect is ambiguous: if agents
are not "attentive enough™ then the release of information can reduce - instead
of increasing - their forecasting ability, and enhance - instead of dampening -
the importance of aggregate fluctuations. In other words, the availability of dis-
persed information about the future can expose agents to higher - rather than
lower - individual and aggregate risks. Importantly, this welfare perverse effect
disappears if the sensitivity of the current outcome to the aggregate expectation
is sufficiently low. This is where monetary policy can play a role.

To structure my study | present a simple OLG model of inflation® although
the analysis is not tied to it. The results only rely on the forward-looking struc-
ture and the information setting considered. Agents live for two periods: each
have one endowment for each period and makes a saving-consumption decision
when young. The only saving technology is money whose aggregate quantity
is subject to fundamental idiosyncratic shocks. The CB can eventually dampen
aggregate price fluctuations implementing a price targeting policy. Although
extremely simple, the model encapsulates the bulk of any dynamic forward-
looking model: an aggregate outcome - the consumption price - depends linearly
on the average expectation of the next outcome plus an exogenous disturbance.
In this context | place the communication problem of interest. For each period
| suppose that the CB has private information on the next 7" shocks. The CB
forms his own forecast about the future price and announces it to agents who
are rationally inattentive. Agents receive the news in the form of a private signal
whose precision is maximized in equilibrium under an informational capacity
constraint. In turn, they form their forecast using the private signal and the
information conveyed by the current price which is observed in the market.

| characterize the unique determinate rational expectation equilibrium for the
full range of cases spanned by the time-horizon T', the agents’ endowment of at-
tention and the degree of tightness of the monetary policy. It turns out that if the
monetary policy is not "tight enough™ when agents are not "attentive enough™,
then the release of the CB’s best inflation forecast can increase both individual
and aggregate risks above the level obtained without the release. In particular
the shorter the 7', the more stringent the notion of "attentive enough™, whereas
the notion of "tight enough” remains invariant to the time horizon. In practice,
if the CB, though limited in the use of its first-best policy, can still sufficiently

2In a rational inattention setup "more information" means both the availability of new in-
formation in front of an unchanged informational capacity, or an expansion of informational
capacity in front of an unchanged availability of information.

3The model is similar to the ones proposed as a benchmark to study hyperinflation phenom-
ena (Marcet and Nicolini, 2001; Sargent, Williams and Zha 2009 among others).
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reduce price instability, the release of the information is always beneficial no
matter how much attention the public pays. In this sense, the efficiency of the
communication policy crucially depends on the effectiveness of the monetary
conduct.

2 Related literature and methodological contribu-
tion

The idea that the anticipation of future shocks can explain expectation-driven
business cycles has been explored by a recent literature on news (Beaudry and
Portier (2006, 2007); Blanchard, L’Huiller and Lorenzoni (2009), Jaimovich
and Rebelo (2009)). Typically, these works look at dynamic models where
agents receive a public signal of a future shock. In contrast to the rational inat-
tention approach agents do not have disparate beliefs about the future and their
ability to forecast does not depend on the ongoing economic conditions.

Rational inattention has been used to explain a wide range of economic
phenomena from cross-sectoral business-cycle facts (Sims 2006, Adam 2007,
Mackowiak and Wienderholt 2009, Pasten 2012) to pricing behavior at the
micro-level (Matejka 2011, Matejka and Sims 2010, Stevens 2012) and exper-
imental data (Woodford 2012). Recent applications to communication policy
include Chahour (2012) and Reis (2010) which are concerned, asthe present
paper is, about suboptimal welfare outcomes when agents’ attention to the CB
announcements is limited. The latter focuses on what is the right timing to in-
form, whereas the former investigates the implications of endogenous provision
and selection of information. In all these works, the object of attention is typi-
cally exogenous.

There are a number of studies on the perverse welfare effects of public and
private information in static models with exogenous information structures. No-
table examples are Morris and Shin (2002) and Angeletos and Pavan (2007).
Part of these results are revisited in macro-models by Hellwig (2005) and Roca
(2010). Colombo and others (2012) and Llosa and Venkateswaran (2012) are
attempts to reconcile these findings with endogenous acquisition of informa-
tion. Amador and Weill (2010) looks at the case when agents get endogenous
information but cannot choose its precision.

To the best of my knowledge the present paper is the first one focusing on
the macro effects of agents being rationally inattentive to an endogenous and
future state with impact on current actions*. The endogeneity of the object of

“In Reis (2010) agents pay attention to a future exogenous regime shift which has no impact
on today’s decisions, but this information may increase their efficiency when the time of the
regime change comes.



attention is at the origin of the general equilibrium failures documented by the
main results of this paper. Moreover, | assume agents need to pay attention to
get information about the future but do not need to pay attention to the current
price from which they learn®. Such an hybrid informational setting implies that
agents agree on the present and only can have disparate views about the future.
In particular, the current price acts as a public signal which aggregates and partly
reveals available information as in a Grossman and Stiglitz (1980) environment.
The precision of public information therefore depends on the precision of the
private signals which in turn are endogenous in a twofold sense: agents chose
the precision of their private signal and the signal itself is a noisy observation of
an endogenous future state.

3 Astylized OLG model of inflation

This section presents a simple micro-founded economy in which the policy
maker could eventually exploit forward guidance to overcome the limits of the
available conventional policy. The model will serve as a base for the more gen-
eral analysis presented in the rest of the paper. Even if extremely stylized, it
allows to naturally introduce and discuss a number of conceptual issues con-
cerning the abstract task of modelling rational inattention to news. These are
enlightened in a dedicated paragraph at the end of the section.

3.1 Basic setting

A continuum of agents indexed in the unit interval 7 = (0, 1) of generation ¢ > 1
has available a two-period endowment of a unique perishable good (wg, w1) =
(2,2w) where w € (0, 1). Preferences over consumption are given by

U(Ci10,Cir1) =In(Ciro) +In(Cipn)

subject to the budget constraints

Mdt Mdt
Cito=2——= and C;;; =2 —= 1
40 P, 1 w + Py (1)

where C; is individual consumption, A/¢ is individual demand for money. The
first subscript denotes the generation whereas the second one the periods in the
agents’ life. Agents of the initial generation at ¢ = 0 live only one period, have
preferences u (C;01) = InC; o, and they are endowed with 2w units of the
consumption good.

5The effects of learning from prices have been recently emphasized by Amador and Weill
(2010), Hellwig and Venkateswaran (2012) and Gaballo (2012).



Money is the only saving asset. The availability of money is subject to
variations in time described by 4, ~ N (0,1). These can be interpreted as
fundamental disturbances rather than accounting for policy actions taken by a
central authority (i.e. positive or negative seigniorage®). The CB can tame price
fluctuations implementing the following targeting rule

M? /P\?
¢ — 1 — weiut (Ft) (2)

where ¢ € (0,00) measures the tightness of the policy, and P is a fix price-
level target. At the limit of ¢ — 0 the supply of real money is exogenously
determined by u,, whereas with a (negative) positive ¢ the money supply (in-
creases) decreases if the current price is above the price target, so that the price
is stabilized. The first-best policy obtains at ¢ — oo for which prices are per-
fectly stabilized at the steady state level. Nevertheless, institutional rather than
political constraints could prevent the monetary authority from achieving the
first-best. In such a case the authority might be tempted to experiment alterna-
tive policies to boost welfare. The question I focus on is under which conditions
information about the future can improve welfare for a given finite ¢. To this
aim let me describe in detail what the authority knows and how communication
can occur in this economy.

3.2 Information

I assume that at the beginning of time, Nature extracts the whole series of dis-
turbances a° from¢t = 0 to ¢ — oco. At each time ¢ the CB has private
perfect foresight @!*” on the past, current and next 7" monetary shocks where
T € {1,2,...,00} indexes the horizon of the CB’s perfect foresight (7-PF in
short). The current price is instead public knowledge. At time ¢, the central
banker forms her own price forecast

ptT+1 =E[pi1 |ﬁ§+T] (3)

where pii1 = (P - P) /P denotes a deviation of the price from its deter-
ministic steady state P.” The forecast of the central bank represents a sufficient

6Notice that real money fluctuations yield both positive or negative seigniorage
(M; — Mg _y) /P, The fiscal-monetary authority is assumed to have an endowment suffi-
ciently large to finance negative seigniorage. The endowment of the central authority can be
constituted by lump sum taxes on the consumers’ endowments.

"For notational purposes | anticipate here that the price target P represents both the deter-
ministic and the stochastic steady state (see note 9). Notice that in equilibrium the price is
log-normally distributed with steady state given by P* = P™eV(®)/2 where P™ is the median
of the price distribution which adjusts to satisfy P = P™¢eV(P)/2 for different values of the price
variance V(p).



statistics of the best available information on the future price level. | will refer
to such expectation as the T-perfect foresight (7-PF) price forecast.

In the attempt to provide forward guidance to agents the CB releases its pri-
vate information to agents who cannot directly observe future shocks. Nonethe-
less agents” informational capacity is constrained, so they cannot fully absorb all
the information conveyed. The announcement of the 7'-PF price forecast is re-
ceived by agents in the form of a private noisy signal whose precision maximizes
a constraint as usually assumed in the rational inattention literature. Formally,
when young agent 7 receives a private signal

Wit = ptT+1 T Nig 4)

where 7, , is an independent zero-centred disturbance whose variance o is en-
dogenous to the optimization problem presented below. The limits of o — 0 and
o — oo entail the cases of respectively perfect and null attentiveness to the CB
announcements. Only at these two limits does informational heterogeneity van-
ish, otherwise informational asymmetries arise as agents suffer from different
individual observational shocks. In particular the limit ¢ — oo is an equivalent
characterization of the no-information scenario where the CB does not release
any information.

The distribution of the noisy signals are determined in equilibrium to satisfy

H (p?+1’pt) —H (p?+1|pt, wi,t) <K (5)

where H(-) = —E[In f ()] is the usual entropy formula and f (-) is the prob-
ability density function. In equilibrium agents choose a distribution of signals
such that the difference between the a-priori conditional entropy and the pos-
terior conditional entropy does not exceed an exogenous parameter K. Notice
that the object of attention p, , is endogenous, that is, its distribution changes
with K. This feature is at the core of the results of this paper.

3.3 Definition of an equilibrium

Once young agents get their private signals, they form an expectation about the
future price

Efpm = E[pt+1 ’pu Wz',t]

and demand money to save wealth accordingly. A definition of an equilibrium
provides for market clearing with an optimal use of available attention. The
formal statement follows.

Definition 1 For given parameters {w, K, T, ¢, My, P}, a REE equilibrium is
a series of prices and agents’ expectations

{pr {ELpri1 1}
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such that the money market clears and each individual makes a consumption-
saving choice and an informational choice that maximize her own expected util-
ity given constraints (1) and (5).

Now we can derive optimal actions and so the course of the price. The
optimal individual demand for money

M, E;P,

U Nt Al 6

P, ) ©)
depends on the individual forecast of the future price. In particular one can

easily show that a second-order approximation of a expected individual utility
loss is proportional to

V(A) = /0 (Eipes1 — pt+1)2di (7

being nothing else than the variance of the individual forecast error A; = Eip; 1 —
pe+1. This measure encapsulates the incentive of agents to pay attention to the
authority’s announcement: the more precise their price prediction, the more
accurate their consumption-saving decision. A quadratic loss implies that the
distribution of signals chosen by agents will be Gaussian® whose variance will
be a function of k.

To recap, agents make two choices when young. First, they choose the vari-
ance of the distribution of the signals such that their forecast error variance is
minimized under the constraint (5). Second, once they form an expectation of
the future price, they chose the quantity of money to bring in the second period
maximizing expected consumption subject to the budget constraints (1). An
equilibrium price is the price at which aggregate demand equals money supply
J M, di = M;.® The actual log-linear deviation'® of the current price from the
deterministic steady state is given by

pe = BEpi1 +w (8)
whereand 8 = (1+¢) ", w, = (1+¢) "4 and B, (1) = [, Ei (-)diis the
average market expectation expressed as the average of individual expectations.

For the rest of the paper, the variance of u; will be denoted by o, without any
reference to the underlying o as the results do not hinge on it.

8Non-quadratic setting have been used to explain economic behavior at the micro level by
Matejka (2011), Matejka and Sims (2010), Sims (2006), Stevens (2012) and Woodford (2011).
%In particular, from (2) and the average (6) we get

e_ﬁ” (Pt/P)(p:EtPt+1/Pt

which implies P* = P along both the stochastic and deterministic steady state path character-
ized by P* = P, = P,,1 = E;: P, with different median price (see back note 5).

19The model could be equally transformed in logs without any approximations, but I prefer
to proceed with log-linear prices to be perfectly consistent with the choice of a second-order
welfare measure.



3.4 General insights from the model

Although highly stylized, the model just presented is general enough to char-
acterizes the class of economies to which the results apply. In the following |
remark three general features of the problem.

A forward-looking reduced form. The structural form (8) embodies the
bulk of any forward-looking model. A current aggregate endogenous state, a
price in our case, depends linearly from the average expectation of the future
state plus an exogenous i.i.d. disturbance. This process is parametrized by a
single coefficient ¢ which impacts on both the variance of the exogenous distur-
bances and the sensitivity of the current price to the average expectation. The
latter, encapsulated by /3, is an important element of our analysis whereas the
former does not play any role as long as such variance is bounded and inde-
pendent from the informational choice. In fact, we are interested in assessing
- for a given 5 - how changes in agents’ information set impacts on different
welfare dimensions measured in units of o,,, the variance of the exogenous dis-
turbances.!

Availability of information about the future. Rational inattention is a the-
ory on available information about an uncertain state. In the model, available
information about the future price is made available by the CB that truthfully
releases a superior forecast about the future price. Nevertheless, one can re-
move this fiction and just assume that there is available information about the
future 7" shocks that agents can access investing some informational capacity.
Appendix B clarifies that this is indeed an equivalent specification. In particu-
lar, 1 show there that the rational inattention approach is neutral with respect to
the representation of the uncertain state. In other words, there are no gains in
multiplying or disentangling the sources of information as long as agents have
to pay attention to them subject to the same constraint.

Learning from the current price. Agents are capacity constrained on the
acquisition of new information about the future, but not on the information re-
vealed by the current price. These two pieces of information are intended to be
different in nature. The noisy signals reflect the ability of each agent to read

10ne can consider a different monetary policy
M;/P, =1 —we " (i, P,/P)*

implying that the monetary action has no effect on the disturbance 4;. This would yield a
reduced form

1 - .
T ¢Etpt+1 + Uy
where ¢ does not affect the variance of @;. None of the propositions presented in this paper
would change. Nevertheless, | prefer the original specification (2) as it provides a more natural
interpretation.

Pt =
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and understand the reports of the CB. On the contrary, the current price is not
the result of any information search, but it is directly acquired through trading
experience. This ensures that agents can only have disparate views about the
future, but agree on the present.

4 Solving for the unique REE

I characterize the unique REE for the full range of cases spanned by the time-
horizon T' of available information, the agents’ attention endowment and the
degree of tightness of the price-targeting policy. Notice that the content of this
section is not tied to the specific model presented above, but instead relies on
the three features just discussed. More specifically, the results are general in the
class of models that can be mapped into a structural form like (8), an information
setting described by (3)-(4)-(5) and a quadratic individual utility loss (7).

4.1 The actual law of motion

The information set of a young agent 7 is composed by a normal private signal
wit = {pts1 + i} of the T-PF forecast whose variance has to be determined
in equilibrium, and a public signal being the current price. Let us therefore fix
a linear forecasting strategy weighing the current price and the signal about the
future price!2. Agent i uses the following estimator for the mean of the future
price realization

Eipi1 = aipy + b (571 —a;) (ptT+1 + ;1) 9)

where a; and b; are respectively the individual constant weights on the current
price and the private signal multiplied for convenience and without loss of gen-
erality by a constant factor (37" — ;).

| firstly guess what is the form of the p, and then verify that this is consistent
with (3), (8) and (9). Suppose the actual law of motion of the price is

T

1 T
=15 ;b Ui, (10)

where b = [b; di and a = [ a; di are the average weights across the popula-
tion. As a consequence the T-PF forecast has the form

1
Pii1 = Pra1 — T ﬁabTUt+1+T' (11)

12 linear strategy is optimal when, as in this case, random variables involved in the signal
extraction are normally distributed.

11



that is, the T-PF forecast generally deviates from the true price. In fact, infor-
mation about w1, is not available at time ¢, but it impacts the actual future
price throughout the average price expectation formed at time ¢ + 1 when in-
formation about w1, is indeed available. Notice that limy_. p/; = pii1
provided |b| < 1; only at this limit do agents dirctly observe with a lag the
announcement, which in this case corresponds to the actual price.

To prove that the guess is correct use (10) into (11) and substitute in the
aggregate (9), which, once plugged back into (8), gives (10) again (derivation
in appendix A.1.). This is true for any possible disequilibrium calibration of
agents beliefs (9), that is, the guess holds without imposing rational expectation
on agents’ forecasts, but only on CB’s ones.

Using (10) and (11), the current price can be expressed as a public signal of

the T-PF forecast .

1-— Baut
where notice corr(p:1,u;) = 0. The precision of this signal about p, is
given endogenously by (b (1 — 3a))®. In particular, it decreases with the av-
erage weights a and b deviating away from respectively 5~' and 0. The current

price does not fully reveal the T-PF given the presence of the current disturbance
which blurs its informational content.

bt = bptT+1 + (12)

For any couple (a,b) such that |b| < 1 and a # 5" the price process is
stationary with bounded variance

1 1 — b2(T+1)

= : 13
T A= pap 1-b2 13)
and the a-priori volatility of the announcement is given by
1 1— 2T
- b (14)

T Bap 1o

where the latter is strictly smaller than the former. The serial correlation of
prices is given by b(1 — b?")/(1 — b2T+1), A remark is in order here. In
principle, (12) implies that only knowledge about p; and w; is actually needed to
consistently predict p7, ;. Nevertheless, if (12) hold but (10)-(11) does not, the
price process is a bubble embodying a non-fundamental component that grows
at an exponential rate b—*. In other words, (12) describes all the infinite number
of different expected price paths measurable with respect to current values p;
and u;, but only one among such paths - precisely the one for which (10)-(11)
holds - is stationary with bounded variance o,,. That means for the economy to
be on the unique saddle-path necessarily the initial stock of money A/, has to be
set at a value M, for which p, satisfies (10)-(11). | will assume this for the rest
of the paper.

12



4.2 The equilibrium

The strategy to compute the equilibrium is in two steps. First, the precision of
the private signal (the variance of the private observational error) is determined
as a solution to the informational capacity problem. That is quite straightforward
since all the signals are normally distributed. Given the solution to this problem,
one can finally recover the restrictions on the profile of all individual weights
{a;,b;}; imposing orthogonality conditions on the forecast errors.

Define x = (eZK — 1)_1 an inverse measure of informational capacity, that
is a measure of inattention. The following proposition states our first result.

Proposition 2 A unique REE stationary price process (10) and expectations
paths (9) exist characterized by a profile of individual optimal average weights
(ai, b;) = (acry, bery) for each i where

1 _ b?T
AT = b2((TTJ31) 1 —Ti K,b(T)’
1=b

and by € (0, 3) is strictly decreasing in » and strictly increasing in 7" and /3.
In particular, for given ~ and 3, by is bounded above and below by respec-
tively

14+ kK — \/(1—1—%)2—4%62
Do) = 2K[3 ’

(15)
and
_ 1

b oA

(9A* + 3AB + 5% — 3) (16)
with

4B K3 ii K3 2 K3 k32 (1+ﬁ2)2
A= 5_2(1+m)+§+\/(2(1+m)) T+ 3(1+r) 21

At the equilibrium the informational choice is o = r(1—b?,)(1—biy ™) "o,z

Proof. In appendix A.1.2. m

Figure 1 plots the optimal weight b(;y and b, - respectively denoted by
solid and dotted lines - as functions of . Four calibrations are considered:
f =099 inred, 3 = 0.9 in blue, 5 = /0.5 in brown, 3 = 0.5 in purple.
For a given « and 3, an equilibrium value b lies in between its upper and
lower bounds b(;y and b.; the locus of these points is denoted by a shadow
area which, ceteris paribus, widens with 5. At the limit k — oo - when the

13



Figure 1: The average weight b as a function of the level of inattention «, for
£ =0.99 (red), 8 = 0.85 (blue), 3 = /0.5 (brown) and.3 = 0.5 (purple). The
dashed lines are obtained for 7" — oo whereas solid ones for 7' = 1. Curves for
finite values of T lie in the encircled shadow areas.

private signal is not informative - then (a,b) = (0, 0) is the only stationary so-
lution. At the opposite limit k — 0 - when the signal is perfectly informative
- (a,b) = (0, B) is the only stationary solution (i.e. the current price is equal
to the discounted sum of known future shocks). Ceteris paribus, the unique
optimal weight b7 is monotonically increasing in 7". That is, the shorter the
horizon of available information, the less informative is the private signal; the
higher is the difference between p, and p/. For a given T instead, as « increases
or 3 decreases, the precision of the private signal decreases and so the average
weight b decreases too. The evolution of a is plotted in figure 2 which uses
the same conventions. The current price noisily reveals aggregate information.
When informational capacity is maximal the current price is not weighed as it
is a redundant piece of information. As « increases above zero the current price
is weighed as it provides information which refines the private understanding
of the announcement. Nonetheless as « further increases private information
becomes looser and so also the weight put on the current price must decrease.

4.3 Welfare dimensions

This sections proves that the availability of information about the future can
generate welfare losses. | analyze two welfare components and their interaction.
The first captures individual risk which increases with individual uncertainty
about the future price. The second one concerns aggregate risk, that is, the
dimension of aggregate fluctuations.
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Figure 2: The average weight a as a function of the level of inattention «, for
B = 0.99 (red), 8 = 0.85 (blue), 3 = +/0.5 (brown) and.;3 = 0.5 (purple). The
dashed lines are obtained for 7" — oo whereas solid ones for 7" = 1. Curves for
finite values of T lie in the encircled shadow areas.

4.3.1 Individual risk

Here | show that the availability of private information on the future price can in
fact increase - instead of decreasing - the individual risk linked to the predicting
ability of agents. This happens because more information makes agents able to
explain a greater fraction of a larger price volatility, so that the overall effect is
in fact ambiguous. According to (11), the forecast error variance depends on
the accuracy of the information about the announcement and the horizon of the
available information. The individual risk of making forecast errors is measured
by the forecast error variance

b2T
(1-pay "

where remember A; = E'p;.1 — piy1 denotes the individual forecasting mis-
take on the price at time ¢ + 1. It is composed by the conditional volatility of
agents’ forecast on the future price plus the volatility of the innovation which is
unknown at the current time but will impact the next one. This latter component
imposes a lower bound to the forecast error variance which decreases as 7" in-
creases. At the limit of T — oo, such lower bound is zero and the relation above
collapses to V (A) = (1 — 87 'b(«)) o4, meaning that the individual utility loss
is a fraction of the overall volatility.

V(A)=V (ptT+1|pt, wi,t) + a7

In the transition between the perfect information x — 0 and no information
scenario k — oo, the course of V (A) can be non-monotonic. In particular,
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Figure 3: The forecast error variance V(A)/o,, as a function of the level of
inattention «, for 8 = 0.99 (red), 5 = 0.85 (blue), 5 = +/0.5 (brown) and.3 =
0.5 (purple). The dashed lines are obtained for 7 — oo whereas solid ones for
T = 1. Curves of finite values for 7" lie in the encircled shadow areas.

for 5 high enough and after a finite threshold value x* of x, the variance of the
forecast error can remain above o,, hamely its asymptotic value as « goes to
infinity. The proposition below states the analytical result.

Proposition 3 There exists a threshold value x*(7") decreasing in /3 such that

V(A)|zp > lim V(A)|.5 =0y (18)

for any & > x*(T) if and only if 3 > 1/+/2, whereas sup, {V (A) |5} = 0w
otherwise. Moreover «*(T") < x*(T + 1) for any finite 7.

Proof. Appendix A.2.3. m

Figure 3 illustrates the proposition: it plots V (A) as a function of « in units
of o, for the same calibrations and conventions of figure 1 and 2. For values of
/3 above 1/+/2 and for level of inattention above ~*, the individual risk would be
minimal in the no-information scenario. In other words, welfare improvements
are guaranteed only if agents are sufficiently attentive so that the explanatory
power of the information they receive is strong enough to gain on the increase
in price volatility. Moreover, a shorter horizon 7" makes a the release of infor-
mation is inefficient at lower degrees of rational inattention. Such an effect does
not obtain for values of 3 below 1/+/2, that is when the current price does not
react too much to the average price expectation. In this case the net effect of a
release of information about the future is always positive.
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4.3.2 Aggregate risk

Let us look now at inflation volatility. In the model, this is a source of aggregate
risk to which agents of the same cohort are exposed as variations in seignior-
age alters the distribution of real resources across generations. Notice that this
component does not depend directly on the forecasting ability of agents, nev-
ertheless it is affected by the amount of information absorbed by agents as a
whole. The expression for the volatility of inflation in equilibrium is

1+ b*"
i
(1 — pBa)’

which uses (11) and (12) with 7, = p; — p;1 denoting inflation. At the limit
r — 0 the volatility of inflation is below 20, whereas it measures 20, as x goes
to infinity. This is the effect of price correlation which reduces inflation. As for
the forecast error variance the transition between the perfect information and no
information scenario can be non-monotonic. The following proposition states
an analytical result.

V(r)=(1—b)o,r + (19)

Proposition 4 There exists a threshold value x#(7") decreasing in 3 such that

V(7)|zp > lUm V(1) |ep = 20, (20)

for any & > «#(T) if and only if 3 > 1/2, whereas sup,{V () .5} = 20,
otherwise. Moreover % (T) < x# (T + 1) for any finite T'.

Proof. Appendix A.1.4. m

Figure 4 illustrates the proposition: it plots inflation volatility as a function
of « in units of o, with usual calibrations and conventions. For values of 3
below 1/2, the availability of information about the future price reduces inflation
volatility in comparison to the no-information scenario. This is due to the fact
that for high values of 5, as « decreases, the serial correlation of prices can
decrease less faster than price volatility. Nevertheless such an effect disappears
for values of 5 low enough, when current outcomes are less sensitive to the
aggregate expectation which in fact embodies the correlated component of the
price process.

4.3.3 Interaction of individual and aggregate risks

Finally, I am going to establish how individual and aggregate risks interact, that
is, how the covariance between the two components evolves. This is stated by
the following.

Proposition 5 The covariance between an aggregate fluctuation and an indi-
vidual mistake
cov (Am) =V (A) (21)

is equal to the variance of individual mistakes.
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Figure 4: The inflation volatility V(7)/c, as a function of the level of inatten-
tion «, for 5 = 0.99 (red), 5 = 0.85 (blue), 3 = /0.5 (brown) and.5 = 0.5
(purple). The dashed lines are obtained for T — oo whereas solid ones for
T = 1. Curves for finite values for T lie in the encircled shadow areas.

This result maintains that the covariance between aggregate and individual
risks is positive, they co-move. Moreover, the covariance turns out to have the
same evolution of the forecast error variance. Therefore proposition 3 equally
applies to cov(Am).

5 Welfare in the stylized model

The findings above do not hinge on how the individual and aggregate risks im-
pact into utility functions. In this sense these results go beyond the specific
economy which I used as baseline. Nevertheless, how the two play into an
overall welfare figure does depend on the details of the model. In particular,
whenever the welfare contributions of individual and aggregate risks sum up to
each other, the resulting welfare trivially inherits their qualitative features. Nev-
ertheless, this is not the only possibility. The welfare contributions of the two
risks can partly offset each other. The model presented in section 3 is able to
shed light on this second possibility.

The welfare criterion | consider is the unconditional expected utility, namely
E [u(Cit0,Cit1)]. A second-order approximation of a welfare loss is obtained
as

W= (V(ci1)+ Vicitz)) (22)

(NN
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where

w
Cit1l = 1—{——1[} (At — 7Tt) , (233.)
1 w
; - A 2
Cit2 1+w7Tt 11w t) ( 3b)

with ¢; ;. = (Cm. — C‘) /C being a log-linear approximation of individual con-
sumption around the deterministic steady state C'. Notice that, ceteris paribus,
a higher expected inflation increase consumption when young and decrease ex-
pected consumption when hold. In particular, an overestimation of the future
price level (a positive forecasting mistake A;) impacts positively on the con-
sumption of agents when young and negatively on the consumption when old,
whereas an actual deflation (a positive 7;) has opposite effects. We can rewrite
the welfare loss as

1+ w? w

W——V(W)—m

ST V(A). (24)

after using (21) (details in appendix A.6). It is quite easy to compare welfare
losses in the cases agents have respectively no information (v — oo) and all the
available information (v — 0). In the first case agents have no informational
capacity and/or the authority does not make the announcement, whereas in the
second agents have infinite informational capacity and the authority makes the
announcement. The following proposition holds.

Remark 6 For given w and g3, the welfare loss at the no-information equilib-
rium (k. — o0) is strictly higher than the welfare loss at the fully attentive
equilibrium (x — 0) if and only if

1 2 2 1 —
1imW:+—sz< limW:uHL—zw
N e

with B = (1+ *7*") /(1 + B) < 1, that is when

1—\/1—4(1—3)2
w < ) .

Depending on w, the model can account for two opposite welfare outcomes
at the fully attentive equilibrium. One in which perfect anticipation of the shocks
would improve welfare - i.e. perfectly knowing the shocks would be "good" -
and an other in which instead this would decrease welfare - i.e. perfectly know-
ing the shocks would be "bad". In both cases agents have individual incentive
to acquire the information as this improves their forecast, but in the latter the
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Figure 5: The welfare loss W/a,, as a function of the level of inattention «, for
w=0.9,and g = 0.99 (red), 5 = 0.85 (blue), 5 = v/0.5 (brown) and.5 = 0.5
(purple). The dashed lines are obtained for T — oo whereas solid ones for
T = 1. Curves for finite values for T lie in the encircled shadow areas.

shocks are a source of general equilibrium inefficiency. This result obtains be-
cause at the fully attentive scenario the forecast error is null and does not coun-
teract the welfare loss deriving from inflation. The stabilizing effect, which
arises as the variance of the forecast error increases, is stronger with a larger
w: the higher the real endowment in the second period, the more reactive the
individual demand for money to expected inflation.

This possibility clarifies that the non-monotone welfare effects which | have
documented are independent from the nature of the impact of the shocks at the
fully attentive equilibrium. In the most interesting case, the social efficiency of
the release of information about the future can be overturned for low enough
levels of attention. In the other case instead the release of information remains
inefficient for whatever level of rational inattention. The two cases are illus-
trated by figures 5 and 6 where the overall welfare is plotted as a function of
r for respectively w = 0.1 and w = 0.9 with the same conventions of previ-
ous pictures. In the first graph, all curves originate from points below the no-
information outcome at 0.75. In the second instead all curves start from points
above the no-information outcome at about 0.255. In both, a non-linearity shows
up which is stronger with a higher 5: welfare loss is initially rising in « and then
decreases after a threshold towards the no-information value.
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Figure 6: The welfare loss W/a,, as a function of the level of inattention «, for
w=20.9,and 5§ = 0.99 (red), 3 = 0.85 (blue), 5 = /0.5 (brown) and.3 = 0.5
(purple). The dashed lines are obtained for T — oo whereas solid ones for
T = 1. Curves for finite values for T lie in the encircled shadow areas.

6 Concluding remarks on possible extensions

This paper formalizes a trade-off in the release of information about the future
when agents are rationally inattentive: more information increases the fraction
of macro-volatility that agents can explain, but also increases macro-volatility
itself. The efficiency of communication relies therefore on the relative sensitiv-
ity of these two dimensions to information. Whenever the central authority has
the instruments to sufficiently lower the reaction of current outcomes to expec-
tations, then the release of socially beneficial information remains always such.
Otherwise, it exists a threshold of attention below which the release can decrease
- instead of increasing - both individual and aggregate risks. In this sense, ef-
ficient communication requires sufficiently tight monetary policy. To conclude,
let me discuss the possibility to extend the setting along different directions.

In the model agents receive information during the only period where they
are active, when young. This is a feature of OLG models which allows to
abstract from memory. One could wonder how the results change assuming
long-living agents who can potentially collect different private signals, one for
each period of activity, about correlated future states. Two points are worth
to be remarked in this respect. First, this assumption does not affect the re-
sults in the benchmark case with " — oo. With an infinite horizon in fact
limy_ o ptT+1 = pi41, that is, the CB announces exactly the future price which is
perfectly observed by agents next period, therefore memory is irrelevant. Sec-
ond, as already mentioned, rational inattention is neutral with respect to the

21



representation of the uncertain state no matter how many sources of information
agents have available. This argument would equally apply to past information
if we imagine that agents need to pay attention to past data. Also in this case
results would not change. Nevertheless at the moment there not exists a fully-
fledged theory of how to incorporate memory into the rational inattention ap-
proach. This very delicate issue is out of the scope of this paper and it deserves
a full focus which is left for future research.

Finally, what would happen if agents could pay a real cost to enlarge their in-
formational capacity? This extension concerns how the acquisition of informa-
tional capacity would endogenously impact agents’ utility in the specific model.
Although interesting, this extension would not affect the main results which are
independent from the details of the utility functions. Agents would acquire the
amount of capacity for which the cost of one more unit equates the marginal
gain in utility. Therefore any quantity of capacity can result in equilibrium for
an appropriate value of the cost. In this respect, taking an exogenous informa-
tion capacity or an exogenous cost of informational capacity would have been
equivalent, although less transparent, for the aim of this study.
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Appendix A: derivations and proofs

A.1l. Check of the guess (pag. 11) Using (10) into (11) and substituting into
the average (9) we have

T-1
_ 1 .
Eipi1 =ap, +b (5 t— a) (1 ~ fa Zb Ut+1+¢) ,
T7=0

that plugged into (8) gives

T-1
pe = Bap; + Z bT+1Ut+1+r + Uy,
=0

and finally

1 T-1 1 T
Py = 1= Ba (Z bT+1Ut+1+T + ut) - 1 _ ﬁa TZ:ObTut-i-Tl

=0

which is (10) again. The guess is hence verified for any couple (a, b).

A.2. Proof of proposition 2 First step: the informational choice. Since both
signals are normally distributed, the capacity constraint is

V (pfilpe)
Vv (p?+1|pt, wi,t)

1
H (piaalpe) = H (pia] prwis) = 5 log ( ) <K, (25)

where the ex-ante and ex-post conditional volatility are easily obtained as

-1
V(@ lp) = 1 P\ (b,
Pealb) =\ o s T =)o (1 — b2T+D)’

and

-1
1 b2(1-b* 1 (1-b*) oo
\ (ptT+1|wi,t>Pt) = <— + Q + = = 1—b?) £

opr - (1=b%)o,r o

(26)

where the term (1 — b**) b2/ (1 — b?) o,,r measures the precision of the infor-

mation conveyed by the current price obtained according to (12) and (14). In
equilibrium we get

k(1 —b?)

with k = (62K — 1)71.
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Second step: optimal weights. The optimal weights are given by the orthog-
onality restrictions

1 — p2(T+1) . )
Pt - bO'pT - awng — (5 — a) b OpT = 0, (28)
and
ptTJrl + 1 0pr — abo,r — (6_1 — a) b (apT + 0’) =0, (29)

where | used the relations E(p;pf,,) = bo,r and o, = o,r (1 — b*TTV) /(1 — b?7).
From the first equation we get

_b(l_ﬁ_lb) 2T
afw(l—b ), (30)

that plugged into the second jointly with (27) yields

-1
i (1=57D) (1 - b*T) = ¢(b,T) (31)
14+ k& (1 - b2) ——— ’
T

which characterizes equilibrium values for b. We are looking for a stable so-
lution, that is for equilibrium values |b| < 1 for which lim; ., b2+ = 0.
At the limit 7" — oo the relation above gives (15) as the unique stable solution.
Notice further that, for given 5 and T, itis 9®/0b < 0since df /0b < 0, f > 0
and dg/0b < 0, g > 0 in the all range (0, 1). Therefore for a given 7" and 3,
there exists a unique solution b which is strictly decreasing in «. Moreover, for
a given  and 7' the equilibrium b value has to be increasing in g given that f,
and so @, is strictly increasing in . Finally since 9® /0T > 0 we can conclude
that for a given « and 3 the equilibrium b is also strictly increasing in 7'. In par-
ticular at the lower bound 7 = 1 we have /(1 + k) = (1 — 87'b(y)) (1 + b%l))
whose unique real solution is (16) representing a lower bound for all equilibrium
values of b, for given x and £.

A.3 Proof. of proposition 3 First let us recover an analytical expression
for the forecast error variance measured in units of o,,. We can rewrite (17) by
plugging (26), (14) and (27) into the first term, (30) and (14) into second, and
then using (31) to get rid of . We obtain

V(A) B (1 b2) 1_bﬁ—l+b2T+1 (ﬁ_l—b)

oy (1 —bB+ b2+ (3 —b))*

which is a function in b, g and 7. We already proved that b is a strictly
monotonic function of  ranging in (0, 3) for given 5 and T'. We use this fact to

look for the conditions under which V (A) /o, > 1 for some x. This inequality
is equivalent to the following one

(32)
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I'(b,3,T) = fb (1 —b* ™) 4+bps? (1 — b*)-25% (1 — B*T)+1-b* < 0
which reduces to
I'(b,3,00) = fb+bp* —282 +1-b?<0

at the limit of an infinite horizon. For the latter to hold it must be

B+8 - (1-p") VB +4
b< qg.= 2 ,

where notice ¢, > 1 > b. Since b is monotonically decreasing in , then the
inequality is satisfied for values of & larger than some threshold «*(oo) provided
q_ is positive, that is, with 5 > {/1/2.

To assess I'(b,5,7') < 0 for finite values of 7" notice that I'(b,3,7) —
I'(b,3,00) = —b?T*13 (b — 3)* is always negative. This means that, for given
b and g3, if I'(b,5,00) < 0 then also I'(b,5,7) < 0. Therefore we know
that 8 > \/1/_2 is a sufficient condition for I'(b,3,7") < 0 for some b small
enough - meaning for any & larger than some threshold «*(7"). Moreover since
['(b,8,T) < I'(b,s, T+ 1) it must be x*(T") > x*(T + 1) for a finite 7.

To show that 5 > /1/2 is also a necessary condition to obtain I'(b,3,7") <
0 for any b small enough it is enough to note that at any 7" it must be

lim I'(b,s,T)=—-26>+1<0

which requires g > /1/2.

A.4. Proof. of proposition 4 Using (14) and (30) we can rewrite (19) as

=2(1-b?) (L+b") (1~ b)
o (1—bB +b2T+1 (3 —b))*’

which is a function in b, g and 7. We already proved that b is a strictly
monotonic function of  ranging in (0, 3) for given 5 and T'. We use this fact to
look for the conditions under which V () /o, > 2 for some x. This inequality
is equivalent to the following one

O(b,5,T) = (1—b™) b?=2 (1 - A7) G4b (1 - B2T) 41-b? <
which reduces to
O(b,3,00) =bf2 —268+b+1—-b%> <0
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at the limit of an infinite horizon. For the latter to hold it must be

_ 1+32 - (1-B8)VB*+26+5

b < s_
y 2

where notice s, > 1 > b. Since b is monotonically decreasing in x, then the
inequality is satisfied for values of % larger than some threshold x# (co) provided
s_ is positive, that is, with § > 1/2.

To assess the inequality for finite values of 7" notice that ©(b,3,7)—0(b,5,00) =
—b?T+1 (b — )% is always negative. This means that, for given b and 3, if
©(b,5,00) < 0 then also ©(b,5,7') < 0. Therefore we know that 5 > 1/2
is a sufficient condition for ©(b,3,7") < 0 for some b small enough - mean-
ing for any % larger than some threshold «x# (7). Moreover since O(b,3,T) <
©(b,3,T + 1) it must be x*(T") > x*(T + 1) for afinite 7.

To show that 5 > 1/2 is also a necessary condition to obtain ©(b,3,7") < 0
for any b small enough it is enough to note that at any 7" it must be

%)in% O(b,pT)=-20+1<0
which requires 5 > 1/2.

A.5. Derivation of the correlation between welfare components. Using
(9), (11), (12) and finally (30) we can rewrite the covariance as

cov (Ar) a _ ~ b’
T:E<1_5aw+(ﬁ 'b— 1)l +b (37 —a)n, - 1—Baut+1+T)
1 b’ _

(1 — ﬁaut +(b—1)p/, — mut—l—l—i-T) o, =

_b(1-p"b) (1-b7T)+(1-5"'b)(1-Db) (1 -bT) +(1-b*)b*"
(1-b?) (1 - fa)’

B 1— ﬁflb + b2T+1 (ﬁ*l . b)
- (1-b)(1-pa)
To show that this is equivalent to the expression for the variance of the fore-

cast error it is enough to confront the expression above with (32) and notice
that

(1-b*)(1—pa)=(1-b3g+b*" ™ (8-b))

can be easily proved using (30).
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A.6. Derivation of the Welfare Using (6) and (1) the level of individual
consumption can be expressed as functions of the individual price expectation
and the current and future price as follows

FiP,
C’i,t71 — ]_ + wt—m’
t
P EiP 4
C’i = 2w+ —w ¢ .
2 Piq Py

whose linearization around the steady state gives (23). A second-order approxi-
mation of aggregate welfare from the steady state is given by (22) where

2 2 2 2

\% (Ci,t,l) = mv (A) + mv (7T) — mcov (A?T) ,
w? 1 2w
Vv (Ci,t,Q) = mv (A> + mv (7‘(’) — mcov (Aﬂ') ,

whose sum gives (24) after plugging (21) inside.

27



Appendix B: Equivalent specifications

In this section | will prove that the equilibrium characterized above does not
depend on the fact that agents receive a private signal of the CB price forecast
rather than private signals about the single future shocks. To keep the exposition
concise | will limit the discussion to the case 7' — oo. This result obtains since
the entropy constraint is neutral with respect to the specification of the state.
In other words it does not matter whether agents receive a private noise of the
single shock or a private signal of a linear combination of them. What matters
is to which extent this information reduces the uncertainty on the best available
information on the future, that is the co-PF forecast.

B.1. Announcing the oo-PF inflation forecast and the current
money shock

Information about the current monetary shock would be needed to increase the
informativeness of the current price about the future one. Nevertheless, given
the entropy constraint, the more signals are released the less precise will be
their reception. In this section | will develop the case when agents receive two
private signals: one about the oo-PF price forecast as before, pi%, + 7,,, and
the other about the current monetary shock, u, + 7, ,;, where, for current and
future reference, | define n;,, ~ N (0,0(-)) as a private disturbance on the
observation at time ¢ of the monetary shock at time 7 whose variance o,y has
now to be determined jointly to o to maximize (5).

As before, we start from the guess that pfS, = p,41 which will be verified
at the end. | fix a linear forecasting strategy weighting the current price and the
two private signals

Eipii1 = aipy + by (5_1 - di) (pt+1 + 77,',,:) + ¢ (Ut + 77¢¢|t) (33)

where (az, ;) play the same role as in the analysis above and ¢; is now an indi-
vidual weight put on the additional private signal on the current monetary shock.
In analogy to the previous steps, one can substitutes for (8) and iterate to obtain
the actual law of prices as

1+ B8 o= ¢,
bt = 1_ Ba Z b Uttr (34)

where bold weights denote average weights. The price process has bounded
variance )
1—p¢
o= — LB (35)
(1-pa)* (1 - b?)
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provided ‘B‘ < 1and as 3! where (,b,¢) are possibly disequilibrium average

weights. As before, the serial correlation is given by b. The process of prices

satisfies
1+ 3¢

~ Ut
1—pa
so that p; is exactly as before a public signal of the future price. Nevertheless,
the precision of the signal (b (1 + &) (1 — 3a)) 2now depends also on the
weight ¢ put on the additional private signal.

Pt = Bpt+1 + (36)

The information on the future price that is available to agents is composed
now by a public signal and two private signals, namely the current price, the
individual perceptions of the co-PF forecast and the current disturbance. The
strategy to compute the equilibrium requires an additional step. In fact, to deal
with the solution of the informational choice, we need to define the equilibrium
variances of the signals received. Since, the additional private signal u; + 7, ,,
only refines the public information conveyed by the current price, the best in-
formation embodied by the joint weighting of the two pieces of information p;
and u, + n;, ., has to be equivalent to the informativeness of a new partially cor-
related signal , centered on p;.. This is to say that the presence of a signal on
the current disturbance simply increases the precision of the public information
conveyed through the current price. Hence, one has to determine the precision
of the private information as the variance of the new private signal y,. That is
quite straightforward since again all the signals are normally distributed. Given
the solution to this problem, one can finally recover the restrictions on the pro-
file of all individual weights {&i,&-, ¢; }1 that calibrate agents’ forecasts imposing
orthogonality conditions on the forecast errors. These are the steps to the proof
of the following proposition.

Proposition 7 At the limit 7" — oo, a unique REE stationary price process (34)
and expectations paths (33) exists characterized by

1 b(1-5"'b b(b-2
G—a=-—70 ( A ) and & —¢é— ( > (37)
a() 1 —b? O’(t)ﬁ (1 - bﬁ)

where

P _ 1§ 1+/<;—\/(1+/<;)2—4/<152 28

T - 256 ' ( )
with the informational choice (o, o)) satisfying

K (1 — B2> Op0 (1)
o= (39)

O'(t) - Hf)Q
and ow > lii)2.
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Proof. Since, the signal u; + 7, ,, only refines the information conveyed by
the current price, the joint contribution of these two pieces of information is
equivalent to the informativeness of a signal x; centered on p;,;. Such a signal
can be written as

- bl 1-p3¢
=b 1y —
Xi pe l—I—U(t)l—ﬁfl

(Ut + Wi,t\t) )
whose precision is given by

2
E(x; - pt+1)_2 = —(1 +Aa(t)> b ' (40)
(1 — bg)O'pU(t)
obtained after substituting for (35).

This is to say that the presence of a signal on the current disturbance simply
increases the precision of the public information conveyed through the current
price. Therefore, the posterior conditional volatility is now easily expressed as
the inverse of the sum of the precision of the prior on the price process 0—1 the
precision of the equivalent signal defined just above at (40) and the preC|S|on of
the signal on the co-PF inflation forecast c—1. So, we have

00,00 (1 —b?)

(41)
(0 +0,) o) + b2 (0 — 0,00)

\ (pfiﬂwi,t;pt) =

where, as expected, limy,, oo V (pﬁ1|wi7t,pt) gives again (26). The a-priori
conditional volatility instead is equal to (1—132)0—]0 being the inverse of the sum
of the prior on the price process a;l and the precision of the current price de-
fined as b2/ (1—132)op. Working out the entropy constraint as before we obtain a
relation between the variances of the two signals object of choice given by (39)
with the only constraint ;) > rxb? where lim, 000 = K (1 — 132) o, and
k= (2K — 1A)*1. Now it is possible to solve orthogonality restrictions in order
to restrict (a,b,¢). These are written as

pe : bo,—a0,— (7' —a)bo,—&(1+88)(1—-pa)" =®2)
Diyr + 1My 1 Op— abo, — (ﬁ_l - di) b (0p+0) =0, (43)
and
i 0=a(1+ 52) (1 - 48) " +&(l+ay), (44)
for each agent 7 at each time ¢ with symmetry relations already imposed. After
some manipulation we get a

ali(g(t)la(lli:]a) and &= 26(6 >> (45)
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as functions of b and o). Substituting (39) and (45) into (43) we get a fix point

equation for b that is the same of (31) atthe limitof 7" — oco. m
Notice that the price equilibrium path (34) is exactly equal to (10), the one
in section 1. In fact, one can easily see at the equilibrium values

1+ 1 b*-1
1-5a 1-Pa bp-1

(46)

that is, the aggregate (and individual) response to the monetary shock are the
same in both cases. This is not surprising since the entropy constraint fixes
how much information is possible to acquire on pf?; independently from the
number of sources of information. The capacity-constraint only imposes that in
equilibrium if o,y increases o must decrease according to a certain rate. Hence,
the exact allocation of information capacity between the oo-PF inflation forecast
and the current money supply shock is restricted but not determined as long as
agents are just interested in forecasting p;, 1 no matter the source of their forecast
mistake.

B.2. Announcing the whole series of monetary shocks

Now I will look at the case in which the CB announces all the single future
monetary disturbances. In particular I will assume agents when young receive
a private signal for each shock belonging to #° and then make their choice®®.
Notice that in this case the CB has no role in processing the information, so one
can think equally about agents having direct access to the information on the
current and future shocks.

At time ¢ agent 7 receives a series of private signals, one for each wu, ., with
7 > 0. Hence agents forecast the future price according to the following linear
rule

Etpt—l—l = a;py + Cz + B Z ut+T + 7]i,t|t+7) +¢ (Ut + 77i,t|t) (47)

where (a;, ;) play the same role as before whereas b, ; is the weight given by
agent 7 on his equivalent signal about the innovation at = lags from the cur-
rent time. The strategy to show the equivalence with the previous settings is
to restrict the class of the forecasting rule imposing a recursive structure on the
weights b, ; = b;b, 1, for each 7 > 1 with b; ; = b; and looking for an equilib-
rium of this type. At this point we can rewrite the individual forecasting strategy

131n other words they die with their private information. The extension of this setup to the case
of infinite living agents should address the issue of how to model memory of rational inattentive
agents. There are very few recent attempt to provide a solution.
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as

Epii1 = aipt+b; ( ¢+ B! Z Upprer + (BT = ai) Ni¢ | TCi (Ut + Wi,t\t)
=0
(48)
where

__ (A+p86) e
N = (1— Baz Zb i i b+t

is defined as an aggregate shock. Notice that for (a;, b;, &) = (di,?)i,éi) the
forecasting strategy exactly delivers (33) at the equilibrium (use (34)). Never-
theless, notice that imposing a recursive structure to the weights b, ; equals to
impose a structural relation on the variances of the signals {o ) }° that have to
determined in equilibrium. Therefore to conclude the equivalence one has to
check that there exist a feasible informational choice that is consistent with the
weight restriction and solve the agents’ problem at the equilibrium values. The
following proposition states a positive answer.

Proposition 8 At the limit 7" — oo, a REE stationary price process (34) and
expectations paths (47) exist characterized by a; = &, and ¢; = € given by (37)
and b; = b according to (38) where

byi = b1, foreachr > 1 and b,; = b;, (49)
with the informational choice {o )} satisfying

k(1—-b?%)o
O(t4r) = Tﬁbz(t) V1 > 1, (50)

and o) > Kb

Proof. To prove the proposition we have to show that given the recursive re-
striction to weights, then the informational choice satisfies the capacity con-
straints coherently with the orthogonality conditions. We already know that the
informational choice has a solution in correspondence of ¢ = o with oy, >
rb2according to (39) where & is the variance of 7;+ The orthogonality condi-
tions instead are written as

pt : bo,—ac,— (87" —a)bo, —&(1+5e)(1- 3a)”'(518)
U’t-‘rT ‘l— 77i,t+7-|t . BT_l — 557— — (/8_1 — 5) BT (]_ + O‘(t+7-)) = 0, \V/ T > 1(51b)
w+ne ¢ a(l+pe)(1—pa) " +e(l+ogy) =0. (51c)

where individual weights equal to average weights. From the previous case we
know that (a, b,c) = (4, b, ¢) satisfies the three conditions above. Notice that
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the recursive restrictions requires that o, ;) = 04414 for each 7 > 1. In such
a case, in equilibrium it is
_ (1+ 56)2 fo: =2
0O — —/—————5 b-TO'
2 —\2 ? (t+1)

or simply o,y = 7 /0,, so that the precision on the information about future
shocks is given by o,y = k(1—b?) o4 (c4; — £b?) With o, > kb? in analogy
with the previous case. m

It is important to remark on the generality of the recursive restriction that
I used to solve the problem. This is one way among infinite others to restrict
the indeterminacy in the information choice problem that also showed up in
the previous case. In particular, the recursive restriction to the weights implies
that agents learn about each future disturbance with the same precision o .
Then, they use the rest of their current information capacity to learn only about
the current realization. It is of course possible to find different patterns of infor-
mation acquisition, but the forecasting performance in terms of posterior condi-

tional volatility would not change as it is fixed from the outset by «.

33



References

[1] Adam Klaus. 2007. "Optimal monetary policy with imperfect common
knowledge". Journal of Monetary Economics, 54(2):267-301.

[2] Amador Manuel and Pierre-Olivier Weill. 2010. "Learning from Prices:
Public Communication and Welfare". Journal of Political Economy,
118(5):866-907.

[3] Angeletos George-Marios and Alessandro Pavan. 2007. "Efficient Use of
Information and Social Value of Information". Econometrica, 75(4):1103
- 1142.

[4] Beaudry Paul and Franck Portier. 2006. "Stock Prices, News and Eco-
nomic Fluctuations™ American Economic Review, 96(4):1293-1307.

[5] Beaudry Paul and Franck Portier. 2007. "When can Changes in Expec-
tations cause Business Cycle Fluctuations in Neo-Classical Settings? "
Journal of Economic Theory, 135(1):458-477.

[6] Blanchard Olivier, Jean-Paul L’Huillier and Guido Lorenzoni. 2009.
"News, Noise, and Fluctuations: an Empirical Exploration”. NBER Work-
ing Paper Series, n.15015.

[7] Campbell Jeffrey R., Charles L. Evans, Jonas D.M. Fisher and Alejan-
dro Justiniano. 2012. "Macroeconomic Effects of Federal Reserve Forward
Guidance". Working Paper n.3, Federal Reserve Bank of Chicago.

[8] Charour Ryan. 2012. "Public Communication and Information Acquisi-
tion". Mimeo, Boston College.

[9] Colombo Luca, Gianluca Femminis and Alessandro Pavan. 2012. "En-
dogenous Information and Welfare". Mimeo, Universita’ Cattolica del
Sacro Cuore.

[10] Del Negro Marco, Marc Giannoni and Christina Patterson. 2012. "The For-
ward Guidance Puzzle". Staff report no. 574, Federal Reserve Bank of New
York.

[11] Eggertsson Gauti and Michael Woodford. 2003. "The Zero Bound on In-
terest Rates and Optimal Monetary Policy" Brookings Papers on Economic
Activity, 1:139-233.

[12] Gaballo Gaetano. 2012. "Private Uncertainty and Multiplicity" Bangue de
France Working Paper No. 387.

34



[13] Grossman Sanford J. and Joseph E. Stiglitz. 1980. "On the Impossibility
of Informationally Efficient Markets". The American Economic Review,
70(3):393-408

[14] Hellwig Christian 2005. "Heterogenous Information and the Benefits of
Transparency". Working Paper, UCLA.

[15] Hellwig Christian and Venky Venkateswaran. 2011. "Hayek Vs Keynes:
Incomplete Information and Market Prices.” Mimeo, Toulouse School of
Economics and Penn State University.

[16] Jaimovich Nir and Sergio Rebelo. 2009. "Can News about the Future Drive
the Business Cycle?" American Economic Review 99(4):1097-1118.

[17] Kool Clemens J.M. and Daniel L. Thornton. 2012. "How effective is
Central Bank Forward Guidance?". Discussion paper series nr: 12-05,
Tjalling C. Koopmans Institute.

[18] Llosa Luis Gonzalo and Venky Venkateswaran. 2012. "Efficiency with En-
dogenous Information Choice." UCLA, mimeo.

[19] Mackowiak Bartosz and Mirko Wiederholt. 2009. "Optimal Sticky prices
under rational inattention.” American Economic Review, 99(3):769-803.

[20] Marcet A., Nicolini J.P. 2003. "Recurrent Hyperinations and Learning".
American Economic Review, 93, 1476-1498.

[21] Matejka, Filip. 2011. “Rationally Inattentive Seller: Sales and Discrete
Pricing”. Mimeo, CERGE-EL.

[22] Matejka, Filip, and Christopher A. Sims. 2010. “Discrete Actions in
Information-Constrained Tracking Problems,” Discussion paper, Prince-
ton University.

[23] Morris Stephen and Hyun Song Shin. 2002. "Social Value of Public Infor-
mation™ The American Economic Review, 92(5):1521-1534.

[24] Pasten Ernesto. 2012. "Rational Inattention, Multi-Product Firms, and the
Neutrality of Money." Mimeo, Banco de Chile and Toulouse School of
Economics.

[25] Reis Ricardo. 2010. "When Should Policy Makers Make Announce-
ments?" Mimeo, Columbia University.

[26] Roca Mauro. 2010. "Transparency and Monetary Policy With Imperfect
Common Knowledge" IMF Working Paper.

35



[27] Sargent T., Williams N., Zha T. 2009. "The conguest of South American
Inflation". Journal of Political Economy, 117, 211-256.

[28] Sims, Christopher A. 2003. "Implications of Rational Inattention”. Journal
of Monetary Economics, 50, 665-690.

[29] Sims, Christopher A. 2006. "Rational Inattention: Beyond the Linear-
Quadratic Case". American Economic Review, 96(2): 158-163.

[30] Stevens Luminita 2012. "Price Adjustment in a Model with Multiple-Price
Policies". Mimeo, Columbia University.

[31] Werning lvan. 2012. "Managing a Liquidity Trap: Monetary and Fiscal
Policy." Mimeo, MIT.

[32] Woodford Michael 2011. "Inattentive Valuation and Reference-Dependent
Choice." Mimeo, Columbia University.

36



400

401.

402.

403.

404.

405.

406.

407.

408.

409.

410.

411.

412.

413.

414,

415

416

Documents de Travail

. F. Bec and M. Bessec, “Inventory Investment Dynamics and Recoveries: A Comparison of Manufacturing and
Retail Trade Sectors,” October 2012

P. Antipa, K. Barhoumi, V. Brunhes-Lesage and O. Darné, “Nowcasting German GDP: A comparison of bridge
and factor models,” October 2012

G. Gaballo, “Good Luck or Good Policy? An Expectational Theory of Macro-Volatility Switches,”
October 2012

J. Barthélemy and M. Marx, “Generalizing the Taylor Principle: New Comment,” October 2012

H. Fraisse and P. Frouté, “Households Debt Restructuring: Evidence from the French Experience,” October
2012

E. Kremp and P. Sevestre, “Did the crisis induce credit rationing for French SMEs?,” November 2012

P. Bacchetta, K. Benhima and Y. Kalantzis, “Capital Controls with International Reserve Accumulation: Can
this Be Optimal?,” November 2012

P. Andrade, E. Ghysels and J. Idier, “Tails of Inflation Forecasts and Tales of Monetary Policy,” November
2012

N. Berman, A. Berthou and J. Héricourt, “Export dynamics and sales at home,” November 2012

M. Bessec, “Short-term forecasts of French GDP: a dynamic factor model with targeted predictors,” November
2012

J. Carluccio and T. Fally, “Foreign Entry and Spillovers with Technological Incompatibilities in the Supply
Chain,” November 2012

T. Duprey, “Bank Ownership and Credit Cycle: the lower sensitivity of public bank lending to the business
cycle,” December 2012

O. Loisel, A. Pommeret and F. Portier, “Monetary Policy and Herd Behavior: Leaning Against Bubbles,”
December 2012

F. Collard, H. Dellas, B. Diba and O. Loisel, “Optimal Monetary and Prudential Policies,” December 2012

C. Gourieroux, J.-C. Heam and A. Monfort, “Bilateral Exposures and Systemic Solvency Risk,” December
2012

. N. Berardi, P. Sevestre, M. Tepaut and Alexandre Vigneron, “The impact of a “soda tax' on prices. Evidence
from French micro data,” December 2012

. G. Gaballo, “Rational Inattention to News: The Perils of Forward Guidance,” January 2013

Pour accéder a la liste complete des Documents de Travail publiés par la Banque de France veuillez consulter le site :
www.banque-france.fr

For a complete list of Working Papers published by the Banque de France, please visit the website:
www.banque-france.fr

Pour tous commentaires ou demandes sur les Documents de Travail, contacter la bibliothéque de la Direction Générale
des Etudes et des Relations Internationales a I'adresse suivante :

For any comment or enquiries on the Working Papers, contact the library of the Directorate General Economics and
International Relations at the following address :

BANQUE DE FRANCE

49- 1404 Labolog

75049 Paris Cedex 01

tél : 0033 (0)1 42 97 77 24 ou 01 42 92 63 40 ou 48 90 ou 69 81
email :  1404-ut@banque-france.fr



http://www.banque-france.fr/
http://www.banque-france.fr/

