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Abstract

We study the effect of releasing public information about productivity or monetary
shocks (for example, as a consequence of publishing an economic aggregate) using a
micro-founded macroeconomic model where agents learn from the distribution of nom-
inal prices. While a public release has the direct beneficial effect of providing new in-
formation, it can also have the indirect adverse effect of reducing the informational ef-
ficiency of the price system. We show that the negative indirect effect can dominate:
thus, the public information release will increase uncertainty about the monetary shock
and reduce welfare. We find that the optimal communication policy is always to release
either all or none of the information. Our results are robust to considering a “cashless

limit” for our economy and to introducing complementarities in production.
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1 Introduction

Economic statistics are noisy. For example, the first estimates of GDP in the U.S., published
by the Bureau of Economic Analysis, are very imprecise. Only half of the data required to
compute GDP, is known completely at the time of the first release, and the original numbers
are subsequently subject to significant revisions.! Should one be concerned that releasing
noisy statistics may create confusion and lead the private sector to act on incorrect informa-
tion? At first pass, the notion that more public information leads to more uncertainty, and
thus to worse decisions, is unwarranted. Indeed, if we treat other sources of information
as exogenous, then a rational Bayesian decision maker always will be better informed after
having observed a public signal, however noisy. But, in reality, not all sources of informa-
tion are exogenous: households and firms learn through their interactions in markets and
from observing endogenous variables such as prices. In this paper, we show that the release
of public signals about aggregate fundamentals can make such endogenous sources of in-
formation less precise, leading to more confusion and greater uncertainty than no release at
all.

To study the effect of public information releases, we propose a version of Lucas’ (1972)
island model based on Woodford’s (2003) specification of preference and technology. Our
baseline economy is inhabited by a representative family of competitive workers who sup-
ply differentiated intermediate goods. The economy is subject to shocks that workers can-
not observe directly: an aggregate monetary shock; an aggregate productivity shock; and
idiosyncratic real demand shocks, one for each intermediate good market. Workers use all
available information, including that revealed by prices, to forecast their respective real de-
mand shocks and to make optimal labor supply decisions. As in Lucas (1972), workers’
cannot tell whether a high nominal price in their own sector is due to a high real demand
shock, or to a high monetary shock.? Differently from Lucas, though, workers learn about
the monetary shock by observing the aggregate price level. The price level remains partially
revealing about the monetary shock, because it is also is affected by the unknown produc-
tivity shock.

In our model, the informativeness of the aggregate price level about the monetary shock

ISee, for instance, the article “Why America’s advance GDP figures do not paint the whole picture” pub-
lished by The Economist on January 315, 2008.
2We show that this makes monetary shocks expansionary and amplifies the impact of productivity shocks.



is endogenous. Indeed, workers use the aggregate price level as a signal to improve their
forecast of the monetary shock which, along with other information, helps them decide on
how much labor to supply. However, through market clearing the aggregate labor supply
tfeeds back into the price level and ultimately determines its informativeness.

To understand the mechanics of this feedback, it is helpful to think of workers forecasting
the monetary shock in two steps. At first, they form a public forecast about the monetary
shock using only publicly available information to filter out the productivity shock from the
price level. Second, they each form a private forecast about the monetary shock, using their
respective private information about productivity. The labor supply decision of a worker
results from the weighted combination of these two forecasts. Note that, because the public
forecast is the same for everyone, all there is to learn about monetary shocks lies in other
workers’ private forecasts. Thus, what determines the informativeness of the price level is
the weight that workers collectively assign to their private forecasts.

Because of this feedback, workers” weighting decisions can become strategic comple-
ments. Indeed, suppose that all workers were forced to put more weight on their private
forecasts. As a result, more private information would feed into prices, making the price
level more informative. This, in turn, would improve the quality of workers’ forecasts. Cru-
cially, in some cases, a worker’s private forecast improves by more than the public forecast.
This creates the strategic complementarity: a worker’s optimal response is to follow others
and to put more weight on her private forecast.

What, then, is the effect of releasing partial information about the monetary shock, the
productivity shock, or both at once? As we stated at the beginning, everything else equal,
such releases have the direct beneficial effect of providing new public information, which
improves the quality of workers” public forecasts. But there is a countervailing equilibrium
effect: workers put more weight on their public forecast, now of higher quality, and less on
their private forecasts. This change in behavior reduces the endogenous informational con-
tent of prices. The strategic complementarities discussed earlier amplify the initial negative
effect: households put less weight on their private forecasts, making prices less informative;
this prompts households to put even less weight on their private forecasts, making prices
even less informative; and so on. In fact, because of this amplification mechanism, the nega-
tive effect can dominate the positive effect in equilibrium, increasing households’ uncertainty

about the monetary shock and their real demands, and reducing welfare. The amplification



is necessary for the result: without it, we show that public information is always beneficial.

One important parameter in our analysis is the elasticity of labor supply.® This elas-
ticity ultimately determines whether the information content of prices is determined pre-
dominantly by the intermediate good demand (which arises from fully informed final-good
tirms), or by the labor supply of imperfectly-informed intermediate goods workers. We
show that if this elasticity is high, then prices mainly aggregate the dispersed information of
workers, reinforcing the role of strategic complementarities.

The cornerstone of our analysis is a learning externality that has been studied before (see,
e.g., Vives, 1993; Morris and Shin, 2005; Amato and Shin, 2006). In contrast to our work, these
games do not feature the strategic complementarities necessary for our negative welfare
results. To our knowledge, the only work uncovering complementarities similar to ours is
the independent paper of Ganguli and Yang (2009), who study information acquisition in a
noisy rational expectations financial market model.

To analyze welfare, we use a micro-founded macroeconomic model building on the pref-
erence and technology specification of Woodford (2003). While several recent macroeco-
nomic models with dispersed information share this basic specification (see, e.g., Hellwig
and Venkateswaran, 2009; Angeletos and La’O, 2009), they differ from ours in information
and market structures.

Morris and Shin (2002) have proposed a different mechanism for generating welfare re-
ducing public information releases: because of externalities in their payoffs, agents suffer
from a socially harmful desire to coordinate. In later work, Hellwig (2005), Roca (2006),
and Lorenzoni (2009) studied the implications of Morris and Shin’s findings within neo-
Keynesian frameworks. Angeletos and Pavan (2007) found conditions using linear-quadratic
preferences under which public information releases are welfare reducing, and showed that
these negative welfare results are sensitive to the particular kind of externality assumed in
the payoff structure. In contrast with this line of work, our results are not driven by any form
of payoff externality. We show that our baseline model admits a form of payoff-separation
across sectors: workers in one sector do not directly care about the actions taken by others.
Instead, our results are generated from an information externality that makes public infor-

mation releases welfare reducing by increasing agents’ uncertainty about fundamentals.*

3While, in our basic model the micro and the macro elasticity are the same, we propose in our online
addendum an extension in which the two elasticities are allowed to differ. In this context, we show that the
crucial parameter for our result is not the micro but the macro elasticity.

4In Section 7.2 we extend the model and show that our results are robust to the addition of socially beneficial
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Our model also has a different positive implication: the publication of economic statistics
can result in less accurate forecasts.

Also related to our paper is the recent work on global games, especially Angeletos and
Werning (2006) and Hellwig, Mukherji and Tsyvinski (2006), who introduced learning from
others and studied its impact on equilibrium selection. Finally, several authors have studied
the interactions of public communication with public policy (see Taub, 1997; Moscarini, 2007;
Atkeson, Chari and Kehoe, 2007; Eusepi and Preston, 2007).

The rest of this paper is organized as follows. Section 2 sets up the basic model, Section
3 defines equilibrium, and Section 4 characterizes the equilibrium set. Section 5 contains
our main results concerning the welfare effect of public announcements. Section 6 discusses
the reasons for the negative welfare results. Section 7 presents two robustness checks and

extensions to the model. Section 8 concludes. All proofs are collected in the appendix.

2 The Model

We consider a standard money-in-the-utility-function (MIU) model extended to incorporate
three features of interest. First, the economy is affected by random productivity and nominal
shocks. Second, both of these types of shocks are imperfectly and differentially known by
agents in the economy. Finally, agents observe all nominal prices in the economy and learn
from them.

Time is discrete and, although the analysis of the model will be essentially static, we let

time be infinite, so that money is valued.

2.1 Preferences and Technology

There is a representative family® composed of a [0, 1] continuum of workers who produce

intermediate goods, indexed by i, a final good producer, and a shopper.® The utility of the

coordination motives.

The assumption of a large family has a long history in monetary models (see for example, the discussion
in Woodford, 2003, pages 144-245).
6See Lucas (1980) for an early statement of the shopper-worker metaphor in a monetary model.



family is:
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where B € (0,1) is the discount factor and § > 0 is the Frisch elasticity of labor supply.
In the utility function, C; is the family’s aggregate consumption of final goods; M? | is the
money balance acquired in period t — 1;”® P; is the price of the final good; and L;; is the
hours worked by worker i. The budget constraint of the household in every period is:

M, | 1,
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where, during period t, P;; is the nominal price of intermediate good i € [0,1], I'l; are the
nominal profits of the final good producers and ©; is a productivity shock discussed below.

Each of the workers specializes in producing a differentiated intermediate good, also
indexed by i € [0, 1]. The production function of this intermediate is linear: L; hours worked
generate Y; = ©;L; units of intermediate good i. Intermediate goods are subsequently sold

to final goods producers who assemble them using the Cobb-Douglas technology:

o= T1 v ®
i€[0,1]

where Y; is the amount of the final good produced. The value A; indexes the share of the
intermediate good i in final good production.” We assume that the technology has constant

returns to scale, and thus fol A;di =1.
We also assume log utility over consumption and a Cobb-Douglas production function
because it simplifies the exposition and clarifies the key mechanisms at play. However, all
the proofs in the appendix cover the more general case of a constant-relative risk aversion

(CRRA) utility and CES production function. These proofs reveal that most of the results

7 As it is standard, the money-in-the-utility function term is readily interpreted as the effort spent shopping.
Namely, it is equivalent to: i) re-scale the utility over final good by 1+ x for some x > 0, and ii) assume
that, in order to shop for C; unit of final goods with real balance M;_1/P;, a shopper suffers a dis-utility
—1/Vlog (M;_1/P) + xlog(Cs).

8Separable utility between money and consumption also implies that money has no real effects in the econ-
omy under perfect information, that is, money is neutral. As we will show below, under dispersed information,
that is not anymore the case, and monetary shocks will be expansionary.

Note that (1) is the unitary-elasticity limit of a constant-elasticity-of-substitution (CES) production function
where A; is a multiplicative shock to intermediate good 7 in the aggregator.



from the basic model do not change in the more general CRRA-CES model.

2.2 Shocks

In the first period, t = 0, the economy is subject to several shocks. In the final good produc-

tion function, there are demand shocks for the intermediate good:

1
logA, =a;, — —,
g 1 1 zlpa
where 4, is iid across sectors, normally distributed with mean zero and variance 1/,. These
shocks translate into idiosyncratic shocks to the demand for intermediate goods.!’

There are also productivity shocks that affect the intermediate production,'!

10g®i = 91' = 9—{—81',

where 6 is the aggregate component of the productivity shocks, which is assumed to be nor-
mally distributed with mean normalized to zero and variance 1/Y¥y; and ¢; is the idiosyn-
cratic component of the productivity shock, which is assumed to be normally distributed
with mean zero and variance 1/1j.

On the monetary side, we let the aggregate money supply be constant and equal to M,
and we assume that there is a random “velocity” disturbance, affecting the utility of real

money holdings:12
logV =y, +0v,

where v represents a money velocity shock, normally distributed with mean zero and vari-
ance 1/Y,. For simplicity, we assume that all shocks are permanent.
All of these shocks play a specific role in the analysis that follows. The velocity shock, v,

generates uncertainty about the aggregate nominal expenditures. The aggregate component

19Note that we do not impose aggregate shocks in the final good sector. However, this is without loss
of generality, because one can show that in a linear equilibrium, such shocks will be revealed to all agents
through the difference between the average intermediate price and the final good price. As a result, adding
such a shock would not change our welfare analysis.

HBurstein and Hellwig (2007) argue that both demand shocks and productivity shocks are necessary to
match micro evidence on co-movements between intermediate goods prices and quantity.

12These shocks can be interpreted as shocks to the shopping technology discussed in footnote 7. The as-
sumption that the aggregate money supply is constant is not particularly important: that is, we could have
assumed instead that the monetary aggregate will follow a particular deterministic process.
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of the productivity shocks affecting the intermediate good sectors, 8, generates uncertainty
regarding the average output in the economy, and makes the aggregate price level only
partially revealing of the velocity shock. Finally, the idiosyncratic demand shocks confuse
intermediate goods workers as to the actual source of the relative price changes they observe
in their sector.

We will measure the amount of information in precision units: public releases of exoge-
nous information about v and 6 translate into increases in ¥, and ¥y. In order to study the
effect of public information releases, we therefore conduct comparative static exercises with

respect to the exogenous parameters ¥, and Yo.13

2.3 Timing and Information Structure

The timing of events and decisions is as follows. At the beginning of every period, the
family separates into a shopper, a final good producer and a continuum of workers. While
these different family members can observe nominal prices, they cannot communicate with
each other until the end of the period. Specifically, we assume that family members observe
all nominal prices in the economy before making their decisions, but they only observe the

realization of the shocks that are directly relevant to their own decisions. That is:

— the shopper observes the velocity shock, v, of this period before deciding how much

of the final good to buy and how much money to carry over to the next period;

— the producer of the final goods observes the demand shocks, a;, before deciding how

much of the final good to produce;

— and, each worker i, who produces intermediate good i, observes the sectoral produc-

tivity shock 6; before deciding how much labor to supply.

At the end of the period, all family members come together and share their information.
Given that shocks are persistent, this implies that there remains no uncertainty regarding

any of the shocks affecting the economy from period ¢t > 1 onwards.

130ne should bear in mind that this exercise changes the conditional variance of the shock. The unconditional
variance, which is the fundamental volatility of the shocks, should be kept constant. In the language of our
model, this amounts to changing the precision of the posterior while keeping the precision of the prior the
same. To simplify the exposition, we do not make this distinction explicit in the main body of the paper, but all
proofs carefully distinguish between the precisions of the common prior and the ones of any additional public
signal.



One feature of the model that is worth emphasizing is that all of the shocks affecting the
economy are fundamental in nature. In particular, there is no exogenous noise blurring the

observation of prices.

3 Definition of an equilibrium

An equilibrium is made up of a sequence of final goods prices and production levels, dis-
tributions of labor supplies and production across sectors, and distributions of intermediate

prices in the economy, such that at each point in time:

(i) family members’ decisiond maximize the family’s utility, given their information about

shocks (described above) and the observation of all nominal prices in the economy; and

(ii) the final goods market clears, Y; = C;, all intermediate goods markets clear, Y;; = ©;Lj

foralli € [0,1], and the money market clears, M = M‘f.

Before formally characterizing an equilibrium, it is convenient to first analyze the fam-
ily’s problem, and to show that we can simply concentrate on the first period problem, be-

cause the economy has a simple unique equilibrium from period ¢t > 1 onwards.

3.1 Solving the Family’s Problem

Now we proceed to solve the problem of each family member, and to show that we can
concentrate our analysis to the initial period, ¢t = 0.

The shopper’s decision.

After the end of the first period, ¢t = 0, all shocks are known by all agents in the economy.
Thus, for all t > 1, if we let A; denote the Lagrange multiplier on the household’s sequential

budget constraint, then the first-order condition with respect to Mt”Z delivers:

At
by

1

Aty1
+ ﬁMV’

= BE
lBtPf+l

where we have used the money market clearing condition MY = M. In Appendix A.1 we

apply Obstfeld and Rogoff’s (1983) argument for ruling out implosive or explosive solutions,



and we show that
Av B 1

P 1-pMV
is the only solution consistent with an equilibrium for t > 1.

Now returning to the first period, t = 0, the shopper chooses consumption, without
knowing the exact decisions made by the workers in each sector and the final good producer:
in principle, the shopper is uncertain about how much real resources he can spend, on the
right-hand side of the family budget constraint. However, in the equilibrium that we solve
for, all aggregate variables are functions of the two aggregate shocks, v and 6. In particular,
the log of the final good price, observed by the shopper, is an affine function of (v, 0): given
that the shopper knows v, he will be able to infer 6 perfectly.!* Hence, the shopper knows
about all aggregate shocks hitting the economy and effectively makes a decision under full
information. Anticipating this, the shopper’s first-order condition with respect to money
balances at time t = 0 becomes

Ao A1+ﬁl B 1
P P "PMV  1-BMV’

The shopper’s first order condition with respect to consumption is then:

1

A==,
t C,

and, after substituting in C; = Y}, we find that the quantity equation:

PY; = %MV, )

holds for all + > 0.

The final good producer’s decision.

The final good producer maximizes the value of his profits to the household. After observing
the prices in the economy, together with the distribution of demand shocks, {a,-}ie[o,”, the
final good producer maximizes:

1p.
Il; = Py —/ 2y, di,
0o D

14 Appendix A.8 rules out the possibility that the final good price is an affine function of v only.

10



subject to the Cobb-Douglas production technology (1), which delivers a demand function

for intermediate goods:

Y
PtAiY_; = Dy. (3)

As expected, given constant returns to scale, equilibrium prices will guarantee that the prof-

its of the final good sector are zero.

The worker’s decision.

The problem of an intermediate good worker is to maximize her contribution to the family’s

utility, which can be written as:

P't ) 1-‘,—1.
Ejt /\tﬁ@i/ Lit_mLit ’

where the expectation is with respect to the equilibrium information set of the worker (to
be derived later), and where A; is the marginal utility of consumption, which might not be
known by the worker with certainty at the moment of the labor supply decision.

Now, using % = %ﬁ, and Yj; = O;L;;, the first-order condition of the worker yields:

MV

5
Yiy = ©; [1 P ’BlEit( ! )@iPit] p 4)

where we have taken out of the expectation the two variables that the worker can observe:
the price, Pj;, and the sectoral shock, ©;.

Even though the expectation of a velocity shock appears in the labor supply equation,
what it is truly driving the worker’s labor supply decision is the expectation of the real
sectoral demand shock, A;. To see this, note that after plugging in A; = 1/Y; and using the

sectoral demand (3), we could rewrite the worker labor supply as
e
Lir = Ei[Ai] ™. (5)

The equivalence between (4) and (5) sheds light on the signal extraction problem driving a
worker’s labor supply decision. For given sectoral productivity, ®;, and expected velocity

shock, E;[1/V], the worker infers that an increase in local price, P;, must have been gen-

11



erated by an increase in sectoral demand, A;, prompting her to increase her labor supply.
Similarly, for a given E;;[1/V], a supply shock induced by higher sectoral productivity, ®;,
with no decrease in local price, P;;, leads the worker to infer that there has been an increase
in sectoral demand, A;, which increases her labor supply. Finally, for a given sectoral pro-
ductivity, ®;, a higher expected velocity shock, E;;[1/V], with no increase in local price, Pj,
leads the worker to infer that sectoral demand A; has decreased, which decreases her labor
supply.

Also, equation (5) reveals a distinguishing feature of our setup with log utility and Cobb-
Douglas final good production: a worker’s labor supply is only a function of her beliefs
about her sectoral shock, and is not otherwise affected directly by what other agents in the
economy are doing. More specifically, one can show that payoffs are separable: by using the
aggregate production function together with Yj;; = ©;L;;, the welfare of the family, ignoring

the utility from real money balances, can be written as:

Eo{gﬁt [ (atog@i - 351 )dz]} ©

The above shows that the impact of a worker’s labor supply decision on welfare does not
directly depend on what others do. Note as well that equation (5) corresponds to the labor
supply decision that maximizes (6), if one were to assume that workers’ information sets are
exogenously given.!® From the work of Angeletos and Pavan (2007), it follows that public
information would always be beneficial in our framework if the information structure were
exogenous. As we will show below, this result will be overturned once agents are allowed to

learn from each other through prices, making the information structure endogenous.

3.2 Linear equilibrium in the first period

Without loss of generality, let us normalize the parameters so that e**M(1 — )/ = 1. Note
that for ¢t > 1, there is no uncertainty in the economy, and there exists a unique solution to
equations (1), (2), (3) and (4) that characterizes the unique equilibrium from time t > 1. We
then focus our analysis on the time t = 0 and we drop the time subscripts to economize on

notations.

1
15To see this note that equation (6) can be written as: g {Z‘;"O Bt (fo it [A log(®;Lj) — 1+5 +"} di) }

and equation (5) follows from differentiating with respect to L;;.
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Assuming that the t = 0 the cross-sectional distribution of log intermediate output is
normal and the posterior beliefs of the worker about the velocity shock are normally dis-
tributed with mean E;[v] and variance V;[v], we can write equations (1), (2), (3), and (4) in

log-linear form:

Quantity equation y=v—p (7)

Intermediate goods demand Yi=yta— % +p—pi 8)
a
1 1

Aggregate output TS / yidi+ / yia; di 9)
0 0

Intermediate goods supply yi=(140)0; 49 <pi —E,; [v] + Viz[v]) , (10)

where lower case variables indicate natural logs.'

The local supply function (10) is similar to that of Lucas (1973), with the same implication
that monetary shocks are expansionary (see online addendum). However, there is one key
difference. Motivated by his earlier work, Lucas starts from a local supply that increases with
the difference between the local price and the local expectation of the aggregate price level in
the economy. In our model, in contrast, there is no uncertainty about the aggregate price
level: all workers observe it perfectly. Still, uncertainty about the nominal shock matters:
namely, the local supply increases with the the difference between the local price and the
local expectation of the aggregate velocity shock. Thus, in our model, the aggregate supply
will be an increasing function of the difference between the price level and the average of
the sectoral expectations of the aggregate velocity shock.

Borrowing from the literature on noisy rational expectations in financial markets (see,
among many others, Grossman, 1975; Hellwig, 1980), we restrict ourselves to symmetric

linear equilibria:”

Definition 1. A symmetric linear equilibrium is a final good price, p, aggregate output, y, and a

distribution of intermediate goods prices, {p;}c(o,1) and intermediate good supplies {y;}ic0,1), Such

16For the final good production function, we use the fact thatlog Y = fol AilogY;di = fol yidi+ fol ("™ i

1)y; di = f01 y;di+ cov(eai_ﬁ, ;). Then using that cov(e*, x;) = E [¢%] cov(z;, x;) if both x; and z; are normal,
the result follows.

17 There are not many results in the literature that deal with the existence of non-linear equilibria in
economies with asymmetric information. The most closely related work is DeMarzo and Skiadas (1998), which
characterizes the uniqueness of the fully revealing equilibrium in quasi-complete economies. These results,
however, cannot be applied to our environment.
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that:

i) Log prices are linear functions of the states:
p = Ko+ Kyv + Kgb and p; = ko + kov + kg + 175, (11)

for some constant (Ko, Ky, Ko, ko, ko, ko), where either Ky # 0 or kg # 0, and where 1 isa

mean-zero linear combination of sector-specific shocks, a; and ;.

ii) Workers’ expectations are rational: after observing the private signal, 8; and all nominal prices,

the posterior belief of the worker is normally distributed with mean
Eifo] = E [0 p, {pi}jcn. 0]

and variance V; [v] = var [v | p, {pj}je[oll],ei]
iii) Agents’ decisions are optimal and markets clear, i.e. equations (7), (8), (9) and (10) are satisfied.

The restriction that Ky # 0 or kg # 0 ensures that the shopper can infer the exact real-
ization of 6 when observing nominal prices, a guess we made in Section 3.1. Although we
stated this requirement as an equilibrium condition for simplicity, Appendix A.8 shows that
this guess is without loss of generality: it must hold in any symmetric linear equilibrium.

We conclude this section by showing that, in a symmetric linear equilibrium, nominal
prices partially reveal the aggregate shocks, (v,0). Indeed, after averaging the intermediate
goods demand equations (8) across all sectors j € [0, 1] and plugging in the aggregate output

equation (9), one finds:

1 | 1 .
PZ/O pjd]+ﬂ_/() Y dj- (12)

This means that the final good price is equal to the average of intermediate goods prices, up
to the second moments, 1/, and fol y;a;jdj, which do not depend on the realizations of ¢

and v. This immediately implies that:'®

Lemma 1 (Nominal prices are partially revealing). In a symmetric linear equilibrium, k, = K,
and Kg = kg .

8More generally, in the Appendix, we show that this property holds for any CES constant-returns-to-scale
production function.
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Specifically, the observation of nominal prices alone does not reveal the exact realizations

of v and 6 to workers, but only the linear combination K,v + K.

4 Equilibrium Characterization

The standard approach to finding linear equilibria is to use the method of undetermined
coefficients. One starts by computing the workers” expectations of the velocity shock, condi-
tional on the belief that prices are given by (11). Next, given these expectations, one solves
for prices using the system of equilibrium equations (7)-(10). Consistent with (11), these
prices turn out to be affine functions of the shocks, but with a new vector of coefficients
which is a function of the vector of coefficients posited in (11). Of course, in an equilibrium,
the two vectors of coefficients have to be the same. Solving the resulting fixed point equation

yields:

Proposition 1. Let ) = —K,/Ky. The set of symmetric linear equilibria is non-empty and it is
composed of elements (p, {pi}icjo), ¥, 1Yiticjoq)) such that for every Q) solving the fixed-point

equation:

1 5 Pa + Oy

O = + ,
1496 1+5TU+QZT9+1IJ11+021[19

(13)

log prices, p and {p;}c(oq), are given according to (11) with coefficients:

) 1 1 1 1 1)
=z (F75) ™ = ames (e

K I ¢
K():k():—ﬁv and Kv:kyzl—m?v

o))

where ¥ = ¥y, + O?Yg + ¢, + Q%pg. Log quantities, y and {Yiticpoq), are the unique solutions to
(7) and (8) given log prices.

That is, for any solution to equation (13), there exists a unique linear equilibrium such
that —K, /Ky = ), and vice-versa. Note too that equation (13) has at least one solution, and

that all solutions of (13) lie within the interval [1/(1 + ¢),1].
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The ratio () = —K,/Kjp is the central endogenous variable in our analysis of informa-
tional externalities. To see why, note that, after subtracting Ky and dividing by Ky # 0, it

follows that observing the final good price is equivalent to observing the signal

Thus, the value of () ultimately determines the endogenous informativeness of the final
good price about velocity: when it is large, the price is very informative about velocity and

vice versa when it is small.

4.1 Explaining The Fixed-Point Equation

In this section, we propose a heuristic derivation of the fixed point equation (13). Although
this heuristic derivation is admittedly more roundabout than the one outlined above, it has
the advantage of building intuition about the two-way interaction between workers’ labor

supply decision and the information aggregated by prices.

The information set. The first step is to transform the worker’s information set into a
collection of conditionally independent public and private signals about v. We first note
that we can eliminate the distribution of other sectors” intermediate goods prices from the
information set, because it provides redundant information about v. Indeed for the purpose
of forecasting v, the average intermediate good price, fol p;dj, is a sufficient statistic for the
entire distribution, {p;};4;. But, by Lemma 1, the average intermediate good price yield the
same information as the final good price, p, which is already in the worker’s information
set.

Next, we observe that, from the intermediate good price p; in the worker’s own sector,
the worker infers a signal equivalent to the nominal demand, v + a;. To see this, we equate
the intermediate goods supply and demand, (10) with (8), use the quantity equation (7), and

obtain:

1 I S SR I SRR 72 A Y
pz—m<v+az 2lpa>+1+5<]El[U] > ) 0;. (14)

Because worker i observes 6; and “knows his own expectations”, E; [¢], it follows intuitively

that observing the intermediate good price, p;, is equivalent to observing the nominal de-
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mand, v + a;.

Finally, note that, because a worker already observes the final good price, which is ob-
servationally equivalent to v — 0/(), she can replace the signal 0; = 0 + ¢; by the signal
0;/Q2+0v—0/Q = v+ ¢;/Q. That is, because the worker has private information about the
technological “noise” term in the final good price, 6, she can back out an endogenous private
signal about velocity, v 4 ¢;/Q).

Summarizing the above: for the purpose of forecasting velocity, the worker’s information

set is equivalent to the three conditionally independent signals,
v+ a;, v—0/Q), and v + ¢;/Q).

In particular, observing the final good price affects a worker’s information in two ways.
It endogenously increases her public information, through the signal v — 6/Q). But it also

endogenously increases her private information, through the signal v 4 ¢; /().

The worker’s forecast of velocity. With conditionally independent and normally distributed
signals, Bayes’ rule is straightforward: the worker’s forecast of v is just a convex combina-
tion of the signals and the prior mean, with convex weights reflecting the relative precision
of each.

Anticipating our discussion of information aggregation, it is convenient to group terms
in the worker’s forecast as follows. We let the private forecast of v be the expectation of v
conditional on the two private signals, v + 4; and v + ¢;/(), given a fully diffuse prior; and
we let the public forecast be the expectation of v conditional on the public signal v — 6/(,

given the common prior. Based on this grouping, the forecast of v is then:

E; [v] = w x private forecast 4+ (1 — w) x public forecast, (15)

lpa + 021109
Yo+ Q2% + ¢y + Q2

where w = (16)

The convex weight w is, as usual, increasing in the precision ¥, + Qzlpg of the worker’s
private forecast, i.e., in the precision of her overall private information. Symmetrically, the

weight w is decreasing in the precision ¥, + Q?¥y of the public forecast.
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How price aggregates private information. After substituting the average intermediate
good price of equation (14) into equation (12), and ignoring second moments which are

constant, we find:

P=1 i 57 + 176 (w X average prizate forecasE +(1 — w) x public forecast) — 0.

=0

This is where separating the expectations into a public and a private forecast becomes useful.
First, the cross-sectional average private forecast is just equal to v, because it is based on iid
signals and a fully diffuse prior. Second, because the public forecast is known to everyone, a
worker can subtract it from the final good price. Taken together, this implies that observing

the final good price is indeed equivalent to observing a signal of the form v — 6/(), where

1 )

_ . 7
Q=15+t 1 ¥ (17)

Equation (16) showed how workers” weighting decision, w, depends on the endogenous
informativeness of the price level, (). Equation (17) closes the loop: it shows how the en-
dogenous informativeness of the price level, (), increases in workers” weight on private
information, w. Combining the two equations we obtain the fixed-point equation of the

proposition.

5 Public Information and Welfare

In this section, we analyze the welfare effect of public information releases about v and 0.
Public information has a direct beneficial effect: taking the endogenous informativeness of
prices, (), as given, it increases the total knowledge of workers and allows for more informed
decisions. However, it also has the adverse effect of reducing the weight that workers put on
their private information, thus reducing the endogenous informational content of nominal

prices. We show below that the second effect can dominate.

5.1 Welfare Criterion and Equilibrium Selection

We take our criterion to be utilitarian welfare: the ex ante utility of the representative family.

In our model with log utility and a Cobb-Douglas production function, welfare can be shown
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to be an increasing function of the workers’ posterior precision about v. That is, the family

is better off when its workers know more.

Proposition 2. In a symmetric linear equilibrium, public information increases ex-ante utilitarian

welfare if and only if it increases the posterior precision about v, P, + Q*Pg + ¥y + Q> V.

Although intuitive, the previous result is not a forgone conclusion: as is well known,
information does not necessarily have a positive social value.'’

While Proposition 1 establishes the existence of a linear equilibrium, our model can ad-
mit multiple linear equilibria (for the full characterization, see our online addendum). This
possibility introduces a standard difficulty for welfare analysis. Indeed, one has to decide
on which equilibrium households will coordinate, and different equilibria often admit op-
posite comparative statics. In what follows, we focus on the highest welfare equilibrium,
so that we abstract from the negative welfare impact of coordination failure. Moreover, our
main welfare result does not depend on multiplicity: we show in our online addendum that
it holds in regions of the parameter space where the equilibrium is unique. Proposition 2

immediately implies:

Lemma 2. The highest welfare equilibrium corresponds to the largest solution, (), of the fixed-point
equation (13).

5.2 U-Shaped Welfare and Bang-bang Communication

Recall first that, in equilibrium, a worker’s posterior precision about v is
Yo + O2pg + ¥y + Q2¥,. (18)

Holding (), constant, both ¥, and ¥y increase public knowledge. This is the intuitive direct
beneficial effect of public information: it directly increases knowledge about v, or it increases
knowledge about 6, which allows households to extract more information about v from
nominal prices.

However, there is a countervailing equilibrium effect: after an increase in public infor-

mation about either v or 6, households put less weight on their private forecast, reducing

9Perhaps the best known example is from Hirshleifer (1971), who shows that information destroys insur-
ance opportunities. See, also, the first chapter of Brunermeier (2001) and the references therein.
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(.. This indirect effect tends to decrease the informational content of prices, and to reduce

workers’ posterior precision about v.

Lemma 3. In the highest welfare equilibrium, Q),: (i) is strictly decreasing in ¥, and ¥y, (ii) goes
to 1/ (1 + &) as either ¥, or ¥g go to infinity, and (iii) goes to 1 if both Y, and ¥¢ go to zero.?

From the fixed-point equation, (13), it is possible to obtain an equation for workers’ pos-

terior precision:

6 o+ Yy

0O? Y, + Q%Y =
¢a+ *1P6+ v+ x 16 1+5Q*—

=t (19)
1+6
where the left-hand side is the total posterior precision of the worker” beliefs. Note that, a
change in ¥y or ¥, affects the right-hand side only through the effect on the equilibrium (..
Hence, we can evaluate the welfare effects of an increase in Yy and/or ¥, by studying the
right-hand side as a function of (),. In particular, after taking derivatives, one easily sees

that the right-hand side is a U-shaped function of (),: it increases with (), if

O > Qo = —— + 1/ 40+ (2 2 (20)
* cutoff — 1490 ¢9 1490

and it decreases for the opposite strict inequality. But, by Lemma 3, (), is itself a strictly
decreasing function of (¥, ¥y). Since the composition of a U-shaped function with a de-
creasing function is also a U-shaped function, it follows that welfare is, also, a U-shaped
function of (¥,, ¥g). In particular welfare may decrease when (¥, ¥y) is small, if the re-
sulting (), is above the cutoff Q.. of equation (20). Figure 1 illustrates and immediately

implies our next result.

Proposition 3 (Bang-bang Communication). Suppose the government has several independent
signals about v and 0 that would increase public precisions if revealed. Then, the optimal communi-

cation policy is to announce all or none.

In this setup, this means that either full transparency or full opacity is optimal: selectively

picking which information to announce, or revealing only part of the available information,

20 Although the above lemma does not discuss it, increases in ¥, or ¥ could cause negative discontinuities in
). This is due to the multiplicity of equilibria and to our equilibrium selection. Such negative discontinuities
in Q) create, obviously, discrete welfare losses. See our online addendum for a detailed analysis.
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Cutoff Public in’formation

Figure 1: U-Shaped Welfare. When public information is low, (), is above Q)ff, and welfare de-
creases in public information. Conversely, when public information is high, (), is below Qytoft,
and welfare increases in public information.

always will be suboptimal. Our next proposition studies some conditions for transparency

and opacity to be optimal:

Proposition 4. A sufficiently large release of public information about v of 8 will always increase
welfare. Consider, on the other hand, any given finite increase in public information. Then, there

exists (q, Pg) such that this increase is welfare decreasing if and only if § > 1.

The first point of the proposition intuitively arises from the fact that, when ¥ goes to in-
finity, then the posterior precision about v goes to infinity as well, and welfare is maximized.
The same is true if ¥y goes to infinity, as observing the final good price yields arbitrarily
precise information about v. To intuitively derive the second point of the Proposition, one
tirst note that, if § < 1, then Q¢ is greater than 1. But since (), is less than 1, this implies
that (), can never be above Q) ¢, and thus that public information always increases wel-
fare. Next, if § > 1, then Qo is strictly less than 1 if the ratio 1, /1y is small enough. At
the same time, given any ¥, or ¥y, then if the level of ¢, and 1y is large enough, it follows
from the fixed-point equation (13) that (), can be made arbitrarily close to 1. Therefore, any

release of public information up to ¥, or ¥y will reduce welfare.

6 Explaining the Negative Welfare Result

Our negative welfare results rely on two features of the model: the elasticity of workers’
labor supply, and the fact that workers acquire some private information from prices. Below

we discuss why this is the case.
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6.1 The Role of Labor Supply Elasticity

Proposition 4 shows that for public information to be welfare reducing, workers’ labor sup-
ply elasticity has to be large enough. As we show below, this is because this elasticity
governs whether the informational content of prices is predominantly determined by the
demand of the fully-informed final good firms, or by the supply of imperfectly-informed
intermediate good workers.

Recall that the fixed-point equation was obtained by showing that the final good price

could be written as:

1 1
P=145%" 1i5/() IE;[v] di — 6 + constants.

That is, the Frisch elasticity parameter controls the weight of the price level on exogenous
information about v (the v term in the equation above) versus endogenous information about
v (the [ E;[v]di term).

The reason for this lies in the way the market for intermediate goods clears. Consider first
the case of a low labor supply elasticity (6 close to zero), illustrated in panel (a) of Figure 2.
Then the supply of intermediate good i is inelastic, approximately equal to 0;, and the price

pi adjusts so that final good firms are willing to absorb it:

1
piﬁv+ai—2—%—9i.

The intermediate good price still reveals information about v, because the nominal demand
of the final good firms depends on economy-wide nominal income, p +y = v. But be-
cause workers’ expectations do not feed back into the price, the information content of the
intermediate good price is essentially exogenous. In this situation, public information has no
significant adverse effect on the informativeness of nominal prices, and on welfare.

Next, consider the opposite case of high labor supply elasticity, illustrated in panel (b)
of Figure 2. Recall that, in equilibrium, all intermediate goods are produced in positive
and finite quantity, implying that the solution to workers” optimal labor supply problem
has to be interior. But a high labor supply elasticity means that the worker’s dis-utility of
labor is close to linear, so to ensure an interior solution, the marginal cost of labor has to be

approximately equal to the workers” expected marginal contribution to the family’s income.
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supply: p; = Yy; + E;[v] — 1320, + Vi[v] /2 demand: p; =v+a; —y; — 21%
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(a) low & (b) high 6

Figure 2: Information Aggregation and the Intermediate Good Market. When the Frisch elas-
ticity of labor supply is low (panel a), the price that clears the intermediate good market will be
determined mainly by the demand curve, and thus variation in p; mainly reflect variations in .
When the Frisch elasticity of labor supply is high (panel b), the price will be determined mainly
by the supply curve, and thus the beliefs of workers, and thus variations in p; mainly reflects
variations in E;[v].

This leads to the intermediate good price:

which is unit-elastic with respect to the worker’s expectation of v. Thus, workers” expecta-
tions feed back into nominal prices with a high elasticity, making the informational content
of the price essentially endogenous. Public information now can have negative effects on this
informativeness, the basis for the negative welfare result.

For negative welfare effects to arise, the elasticity parameter, J, has to be greater than one.
There is a longstanding debate in quantitative macroeconomics regarding the value of this
elasticity parameter. If J is interpreted as the micro elasticity of labor supply, then the data
suggests it should be smaller than one. But if it is interpreted as the macro elasticity, the data
suggests it should be much larger than one. In order to understand better which elasticity
matters for welfare, our online addendum presents a variant of our model with frictional
unemployment, along the lines of Hall (2009) and Shimer (2009), and where the micro elas-
ticity parameter differs from the macro elasticity. In a counterpart to Proposition 4, we show

that the elasticity that matters for welfare is the empirically larger macro elasticity. This is
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intuitive given the above discussion, as the macro elasticity governs the response of total
hours to private information, and thus determines the strength of the learning externality. If
one were to use the micro elasticity instead of the macro elasticity in the analysis, then one

would obtain the wrong equilibrium equations and the wrong welfare prescriptions.

6.2 The Role of Private Learning from Price

When workers learn private information from prices, their actions can become strategic com-
plements. This complementarity amplifies the negative effect of public information and its
key for the negative welfare result.

Recall that in our model with log utility and a Cobb-Douglas production function, there
are no direct complementarities or subsitutabilities in actions: from equation (5), a worker’s
labor supply can be viewed as a function of her beliefs about her sectoral shock, A;, and is not
otherwise directly affected by what other agents in the economy are doing. We now show
that complementarities or substitutability nevertheless may arise indirectly, because workers
are learning from prices, and the informativeness of prices is affected by what others are
doing.

To make this point it is helpful to recall that a worker’s individually optimal weight on

private information is given by
w = H (¥, + O™y, o+ Oy ), (21)

where, from the best reply function (21), H(X,x) = x/(x + X), X = ¥, + Q¥ is the
precision of a worker’s public forecast, while x = 1, + Q2 is the precision of her private
forecast.

Now suppose that all workers were forced to increase the weight w on their private
forecasts. Equation (17) implies that the endogenous informativeness of the price level, (),
increases. This, in turn, increases the precisions X and x of both the public and the private
forecasts. How would an individual worker react to such an aggregate change? There are
two opposite effects on a worker’s individually optimal weight. The first effect, which fol-
lows because 0H /90X < 0, tends to decrease w. Indeed, when () increases, the precision of
the public forecast, X = Y, + %%y, increases. Holding the precision of the private fore-
cast, x = ¢, + wztpg, constant, an individual worker would find it optimal to rely more on

the improved public forecast and less on her private one, i.e., to decrease w. This is a force
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for strategic substitutability. However, because 0H/dx > 0, there is also an opposite effect.
Indeed, when () increases, the precision of the private forecast, x, increases. Holding the
precision of the public forecast, X, constant, an individual worker would find it optimal to
rely more on her improved private forecast, i.e., to increase w. This is a force for strategic
complementarity.

The complementarities play a key role in the welfare analysis because they are necessary
for public information to be welfare reducing. To demonstrate this, we start with a hy-
pothetical setup which suppresses complementarities by assuming that observation of the

price level does not affect the precision of the private forecast:
Lemma 4. Holding x = 1, + Q21p, the same,

(i) the equilibrium weight Q) which solves (), = 113 + %H (Yo + Q%‘I’g, x) is a decreasing
function of ¥y and ¥,: Q2. /0¥y < 0and Q). /Y, < 0, and

(ii) the posterior precision x + ¥y, + Q2 ¥ is an increasing function of ¥g and Y.

The Lemma shows that, when x = 1, + Q24 is held constant, even though public in-
formation about 0 or v reduces (), it always increases workers’ posterior precision about
v: x + ¥y + O2%. The intuition for this result lies in the fact that the precision of the
public forecast ¥, + O2¥y, cannot decrease with an increase in (¥,, ¥g) given that x has
remained constant. Indeed, if the precision of the public forecast were to decrease, then
because 0H /90X < 0, workers would find it optimal to rely more on their private informa-
tion, and the equilibrium ), would have to increase. This in turn implies an increase in
¥, 4+ Q2¥,, contradicting the assumed decrease.

It also follows from Lemma 4 that for public information to be welfare reducing, a higher
reduction in the equilibrium ), needs to be generated. The complementarities provide such
an amplification mechanism. Consider, for instance, an increase in ¥y. This causes w to de-
crease, which always decreases the amount 21y of private information generated by prices.
Because dH/dx > 0, this prompts households to rely less on their private forecast, i.e., to
lower w, which decreases ()21 further, prompts households to lower w, and so on. Our
results reveal that this effect alone can reduce the total amount Q%1 + O?¥y of information

generated by prices, even if ¥y increases.
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7 Robustness and Extensions

In this section we study two extensions of our basic model. In the first, we show that our
results continue to hold in a cashless limit where, as in standard neo-Keynesian models,
households hold no money balances. In the second, we show that our results continue to
hold when complementarities in production give workers a motive to coordinate their labor

supply decisions.

7.1 Cashless Limit

In this Section, we show that our results remain valid in a “cashless limit” where the utility
value of holding real money balances goes to zero at the same time as the money supply
goes to zero. Our goal here is to show that our results are robust to a cashless limit resem-
bling those commonly taken in recent monetary models, and that our welfare results are not
driven by household expected utility for real balances, which we do not derive from explicit

micro foundations. Our main result in this section is:

Proposition 5 (Cashless limit). Suppose that velocity is equal to V = V /® and that the aggregate
money supply is equal to M = M®, for some ® > 0. Then:

(i) Equilibrium prices and quantities are independent of ®.
(ii) Welfare depends on ® but the optimal communication policy does not.

(iii) As ® goes to zero, the household’s utility over money balances goes to zero, and the welfare

impact of public communication stays bounded away from zero.

The first point of the proposition follows from the fact that equilibrium prices and quanti-
ties depend on nominal variables only through the product MV, which is kept constant and
equal to MV. Intuitively, although the monetary base, M, goes to zero, velocity increases so
that the amount of liquidity available for shopping stays the same. The second point holds
because, with our log-utility specification, Proposition 2 holds for all ®: welfare only de-
pends on public information through an increasing function of the posterior precision about

v. The third point follows because, in equilibrium the utility-over-real-money balance is:

Lo (MY _ @ ooy Pioe (M
voelp ) TvoeT Ty 08\ p )
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which goes to zero as ® goes to zero. Welfare is only a function of expected consumption
and of expected dis-utility of labor, which from point (i) remain affected by public commu-

nication.

7.2 Information aggregation versus coordination

In our basic model we showed that a Central Bank finds it optimal to release all of its infor-
mation or not to release any at all. Indeed, when making an information release, workers
rationally coordinate their actions on this newly released public information, reducing the
informativeness of nominal prices. Hellwig (2005) considered a neo-Keynesian setting with
dispersed information and complementarities in production, but no learning from prices.
He showed that the coordination effect of public information is always socially beneficial.
Thus, one may guess that by combining complementarities in production and learning from
prices, the central bank’s optimal communication may become less extreme: perhaps the
central bank would choose to release some, but not all, of its information.

Let us assume then that intermediate goods are complements in a CES final goods pro-

duction function:
¢-1 ¢—1
Y; = ( A,-Yit"’ di> , (22)

with ¢ > 0. In the appendix we show that the fixed point equation is the same as equation
(13) but where 1, needs to be replaced by ¢,/ (¢)?. After doing this substitution, the analysis
of the fixed point equation and the effects of information releases on total knowledge remain

as in the previous sections. With regards to welfare,>! we now have:

Proposition 6 (CES production). Suppose that the production function is given by equation (22),
for some ¢ > 0. Consider, in the cashless limit of Proposition 5, the equilibrium that is most infor-

mative about velocity. Then,

(i) Proposition 3 continues to hold: the optimal communication policy of the central bank is bang-

bang.

ZEven though welfare is no longer separable in the CES case, the decentralized economy uses information
efficiently when taking the information sets of workers as given. From Angeletos and Pavan (2007), this implies
that more public and private information would always be welfare enhancing given an exogenous information
structure. Proposition 6 shows that this is not the case when the information structure is endogenous.
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(ii) Proposition 4 has to be modified: consider any given finite increase of public precisions. Then,

there exists (1, Pg) such that this increase is welfare decreasing if and only if 6 > ¢.

Away from the cashless limit, and when ¢ > 1, the § > ¢ condition for a welfare reducing
communication is sufficient, but no longer necessary.

The proposition above shows that adding complementarities in production (which gen-
erate a social benefit from coordination) does not affect our bang-bang communication re-
sult. However, it makes it less likely that public information reduces welfare: when ¢ > 1,
it requires a higher elasticity of labor supply. Conversely, if ¢ < 1 (so that there are social

costs from coordination) then public information is more likely to reduce welfare.

8 Conclusions

We have studied a model in the spirit of Lucas (1972) where agents remain uncertain about
the nature of the shocks affecting the economy, even though they observe all prices in the
economy and learn from them. We have characterized the conditions under which public an-
nouncements about real and nominal aggregate shocks reduce the informativeness of prices
and actually may increase uncertainty about fundamentals and lower welfare. While our
model is essentially static, techniques similar to those developed here may prove useful in
studying the dynamic effects of information releases, and in answering the timing question:

when to make public announcements. This is all left for future research.
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A Proofs

In the proof we explicitly distinguish between the prior information of the household about v and 6,
and the public information about v and 6 provided by the central bank. We assume that the house-
hold starts from a prior that v and 6 are normally distributed, independent from each others and
from everything else, and with prior means of zero and prior precisions ¥, and ¥y. Before any
market opens, the central bank provides two public signals:

Zv:7)+170
Z9:9—|—179

where 77, and 7y are normally distributed with mean zero, respective precision ¥, — ¥,, ¥9 — Yo,
independent from each other and from everything else. Thus, after observing the signals but before
markets open, the precisions of the household’s information about v and 6 are ¥, and ¥,. Lastly, the
definition of an equilibrium has to be slightly altered: Ky and ko are not constant but, instead, affine
functions of the public signals z, and zg.

Also, we write all the proofs for a generalized version of our model, with a constant relative risk
aversion (CRRA) utility over consumption, and a constant elasticity of substitution (CES) final good
production function. That is, we assume that the inter-temporal utility of the family is:

© G711 M 5 11+
t t 71 t—1 ?
t;)ﬁ< 1—q VTR 1ts )|,

for v > 0 and where 7y = 1 is the logarithmic utility specification. The final good production function

(/ AYS dz) o

for ¢ > 0 and where ¢ = 1 is the Cobb-Douglas specification. The definition of an equilibrium is
the same as in the main body of the paper. Next we obtain the shopper’s first-order conditions with
respect to consumption and real money balances:

Eg

)\t - C;ry

At Aty

p ~ PE [P 1] +'BMV

where we assume, as we did in the text, that the shopper makes its decision under full information
about aggregate shocks. The next step is to show that in an equilibrium, A;/P; = /(1 — B)/ (MV).

A1 Ruling out implosive or explosive solution

The proof follows directly from the results of Obstfeld and Rogoff (1983). We provide a direct proof
here as our functional assumptions makes it quite simple. For any ¢t > 1, agents have full information
regarding the state of the economy, and the first-order conditions with respect to money holdings
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imply that:

A B At+1_kﬁ7j k M
B AR | }_;;Mv+ﬁm[ | =

where we have used that, in equilibrium money holdings are M? = M. Note as well that limy_.., B°E; H{—i’;] >

0 as multipliers and prices are all non-negative. Now, suppose that this last inequality is strict for
some state at time t. Then, taking the limit in equation (23) would imply that at that state:

At B
B (A-pMV’ 9
Consider now the following deviation: the consumer increases his consumption at this state at time
t by e and reduces its money holdings in all subsequent periods by &/ P;. Such a deviation is budget
feasible, as the consumer is holding strictly positive amounts of money in any equilibrium path, as
M is constant and M > 0.
The marginal impact of such a deviation on the present discounted value at time ¢ is:

C%e— Y BE, [%sl’t] -~ (cﬂ = (1—[[;)MVPt> €.

k>1
Now we know that Ay = C, " from the first order condition with respect to consumption. And
thus, if (24) holds, this feasible deviation increases the household’s utility, which would contradict

optimality. This implies that in any equilibrium: limy_,, B*E; [?{—iﬂ = 0 for any state at time ¢, and

thus:

AP
P A-pMV 2

forallt > 1.

A.2 The Equilibrium Equations in the CRRA/CES model

We start by deriving the equilibrium equations, and proceed with some elementary algebraic manip-
ulations.

A.2.1 Main equations

We first derive the equilibrium equations in the generalized model. The final good producer first-

order condition is:
Yo\ ¢
Hm(g) =Py,
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and the intermediate-good worker first-order condition yields that intermediate good demand is the
same as in the text:

p 1 :
Yir = O; 1_[BIEit v | @ifit|

Next, we make the same normalization as in the text, e#*M 125 _ 1, focus on time zero and drop
the time subscript to simplify notations. After taking logarithms, we obtain the set of equilibrium
equations in log-linear form:

Quantity equation Yy =0v-—7p (26)
Intermediate goods supply cyi = (140)0;+9 (pz- —E; [v] + Viz[v]> (27)
Intermediate goods demand Yi=y+¢ <ai — 2; +p— Pi> (28)
A ' di ¢ 29
te output BTES i YR
ggregate outpu y /Oy Z+2<¢_1) (29)

where

1. ¢p—1
E=——+4dis (a‘—i— ‘>,
g P\
2
and, for any variable z;, disp(z;) = fol z2di — ( fol zZi di) is the cross-sectional dispersion. The defini-

tion of a symmetric linear equilibrium is the same as in the text.

A.2.2 Obtaining the price equations

Solving out for p using the system of equations (26)-(29) while first integrating (27) and (28), one
obtains that:

1

_ b y0+9) (1
P= 1773 (0—75/0 Bifeldi —7(14+8)0 — 30 =8+ (tpa Vl[v]>>. (30)

Now, using equations (27) and (28) to solve out for p;, together with vy = v — p and the price found
above, one obtains an equation for the price in sector i:

1 ) O S ) L ) '
Pi= T st (1+75)(5+¢)/01Ef[v]d] 2T+ 78) LY
(1+(5)(1—'y(p)9_1+59‘ ¢ 1 1 1—9¢ = 31)

1700 +¢) o+ 54" 20190 v 20 +90)(¢—1)
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A.3 Proof of Proposition 1

Letting Ko and ko be affine functions of the announcements, z, and zy, the equilibrium prices can be
written as:

p=Ko+Ky(v—0/Q) (32)
pi = ko + Ko(v — 0/Q) + ko(a; — kee; /Q), (33)

as long as K, and k, are not equal to zero. But in any linear equilibrium this must be the case. Suppose
not, and that k, = 0, then E;[0|p, {p;j};c(0,1), 9i, 20, 2] would be independent of a;, but according
to (31) the local price of intermediate i would be a linear function of 4; contradicting that k, = 0.
Similarly, if K, = 0, it would follow that the price signals are not informative about v and so that
E;[v|p, {p;}je(o1), 0ir z0, 6] would just be a function of z,. But then again, using (31) implies that the
resulting price will be a function of both z, and v, which is a contradiction of K, = 0.

A.3.1 Step 1: the Velocity Forecast, Conditional on the Prices

From equations (32) and (33), it follows that the observation of {p, {p;};c(o,1], 0i, z0, 2o } is equivalent to
observing {v —0/Q,a; — (ke:/Q)e;, 0 + €;,v + 15,0 + 179 }. One can transform the worker information
set into conditionally independent signals centered around v: we can first replace 0 +¢; by v — 6 /Q +
(0+¢€)/Q =v+¢;/Q,and then a; — kee;/Q by a; — kee; /Q + ke(v +€/Q) = v+ a;/ k.. We obtain,
then:

Ei[v] = E[pjlv—0/Q,0+¢;/Q,v+a;/ke, v+ 10,0+ 115/ Q)]
— %(‘?902(0 —-0/0) + 1,09()2(1; +¢/Q) + gbak?(v +a;/ke) + (Yo — o) (0 +170) (34)
+ (Yo = Fo) (0 + 10/ 00)) (35)

where ¥ = (V;[0]) ™! = ¢,k + pQ% + ¥, + Fo Q2.

A.3.2 Step 2: the Coefficients of the Price Functions

Substituting this expectation into equation (31), it follows that the log price of intermediate i must
equal:

p=(1 g ) v S (14 2T gy PRI,

1+70)¥ 1+ 70 110 ¥ O+
’Y(S Tv —qfv ’)’(S Tg —1?9 Ql,l]gé— (1 —|—5)1Y
Q .
T v Tl v T T ey O
0 1 1—9¢

[1]

T2 1) T ST g T2 T 49 D)

Using the assumed functional form for the intermediate good price, equation (33), it has to be the
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case that:

5’)/ Ty (P ) lpaks
K, =1— =
? 1+6y ¥’ ! (5+4>+o“+4> Y
Ke:_’r(1+5)_ oy Yo, kg:Q(lJré)‘F—zSgng
140y 1+6y ¥

PY + ko9,
and that
6y [Yo—Yo_ |, Yo— Yo l—yp 1 1 &y Vi(v)
ko = Zy + Qzp| + = — .
RS I T2(1460)(9-1)" 146729, 1467 2
Keeping in mind that () = —K, /K, we obtain
5y ¥,
~ T ¥ _ 1 0 Pak? + o0
y(146 5y ¥, - /
1+¢>’y) + 1—5357 TGQ ’)/(1 + 5) 1490 ¥

after rearranging. Lastly, replacing this last formula for () into the equation for k, yields k. = 1/ (y¢)
This delivers the main fixed point equation

1 )
Q=
y(1+496)

where we let ¢, = 1,/ (v¢)>.

1IJU + lPGQZ (36)
1438 Py + P2 + ¥, + ¥ 2’

Doing the same exercise but this time using equation (30) delivers the last coefficient of the price
equations:

0y [Yo-Y. | Yo (6 +¢) oy [1
K0_1+(5’)f v Zv—|- 7 QZ@

[

20+60)(9—-1)" 156y

WU)] . @)

2, 2
A.3.3 Step 3: the coefficient =

We now need to calculate & = —1/¢, + disp ( 21

a; + 7%)' To do so, we note that equation (28)
implies that:

Yi= CCS—l—(])(ai — pi) =CCS+¢ (ai —kqa; + k;)kgsl) ,

where CCS is a short-hand for terms that are constant in the cross-section. Recall that k;k./Q) =
% — ﬁ @ With this in mind, we obtain that:

E:_l;awisp[ai( 0 1)5j¢<1_% >)+15<¢—1) <1—|—5_%Q>}

¥ o+¢ 5 ¥
1 6(¢p—1) 6(¢—1)pake ) 1 6%(¢p—1)2 <1+5_¢90>2
R +¢a< M o+¢ 5+4> Y +¢9 5+¢) b Yy )
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Developing the square terms and using that k; = 1/ (7¢) together with i, + pQ? = Y112 (Q - ﬁ) ,

which follows from the fixed point equation, one obtains that:

(@ —D((A+6)* (¢ —D)P*Po + (6 + 2+ 0)P)ps) (¢ —-1)(1+26+¢+v(1+6)(¢ —1)Q)

—
fun
—_—

Y292(8 + )2 P tpe (0 +¢)?Y

A.3.4 Step 4: Finishing up

Now using (28) together with (26) one obtains the value of y; given the price of the intermediate good,
pi:

v—p

+¢<v+ai— 20,

vi = +p-pi) (38)

Finally, we let

Ty =0—p. (39)

We have thus shown that in a linear equilibrium, prices takes the linear form stated in the propo-
sition and () must solve the fixed point equation (13). Note that sufficiency also follows: given a
solution to the fixed point equation (13), the prices and quantities obtained from (32), (33), (38), and
(39) form a linear equilibrium. The existence result follows by noticing that the fixed point equation
(13) is a continuous mapping from [0, 1] into [0, 1] and thus, there must be at least one fixed point.

Note that using that yy = v — p, we get that:

o 0 EZ} 1496 i ) Q‘?g 9_5‘{!9—‘?90 _5‘Y7]— v
YTty ¥ 1+96 1+90 ¥ A+70)¥ 1" A0
S+¢ 5 (1 1)
+ &+ T 40
2010+ 20+ \¥ ¥ 0)

A.3.5 The coefficients Ky and ky, in the special case where ¢ =y =1

To recover the coefficient in the special case studied in the main body of the paper, we let ¢ and 7y go
to 1. First, we note that, as ¢ goes to 1:

E o 25(Y — )
¢—1  PA+)¥¢

Replacing this into equation (37) one gets that:

K, ) [‘I’v -Y, Yo — ¥y

- . 1 1
— g -
146 ¥ 7 ¥ 1 T21406) Y ¢,

and using that = — 0 as ¢ — 1, we get that

5 [¥o-¥,  ¥-¥ 1 16
Qzg| — o[+ 2.
k°_’1+5[ vy 2ty Z"] 2(1+90) <¢a+‘1’

Letting ¥y = Y9 and ¥, = ¥, delivers the coefficients in the main body of the paper.
g y pap
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A.4 Proof of Proposition 2

The ex-ante time-zero utility of a representative household is:

Yi-r—1 1 M\ 146 1 o

A.41 The expected utility of consuming aggregate output

Given log normality, the first term can be written:

e1-Mw _q
11—

7

where

U= Dy

w=E[y]+

is the log certainty equivalent of aggregate output.

The ex-ante expectation of log output. From equation (40) it follows that

Y s LI
]E[y] _2(4) _ 1)(]_ _{_')/5) T 2(1 +’)’§) <T B %)

1+5+(5+q§)(1—7)+7(1+5)(q§—1)0]

[1]

—E, —

)
29(1+76)(6 + ¢) ¥
where

- 5(1+0) 1, (A+9%e-1) 1T
T 2921+ 90)p(6 +¢) o | 2(1+76) (3 + ) Yo

The ex-ante variance of log output. Using (40) one can compute the variance of log output, and
we have that:

() = (1+49)2 256(1+0)0 1 N 6% (Yo + Yo ¥?) 1

Y A1 702%, " (1++0)2 ¥ A+702 92

Now we note that:

‘YU+‘~P902_1_¢U+¢902_1+5 a._ 1
¥ N ¥ ) y(1+6))’

from the fixed point equation, and thus plugging back into the variance of log output we obtain:

(1+49)2 51+ 96 +v(1+6)Q)

VW)Z(way?g v(1+70)2¥
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The log certainty equivalent of aggregate output. Taken together, these formulas imply that
the log certainty equivalent of aggregate output is:

w=E[y]+ 1= Dy

2
g =492 5(1+9)(A+75+9(1+8)(v9 —1)0) 1
ATy 271+ 1026 1 §)¥ | “

A.4.2 The expected utility of real balances

To find the expected utility of real balance we recall that, from Section A.1, A/P = B/((1 — p)MV),
and A = Y~ 7. Therefore:

This yields a utility over real balances of:

1 M

LM B
VlogP

1-p

Note that the ex-ante expectation of the first two term is independent of the communication policy of
the central bank. The only thing that matters for the welfare impact of the communication policy is
the expectation of the third term:

1 1 0%
——VlogV—l—Vlog +V10gY.

E Hlog Y] =e ™E [e7"y] = e E [e7] (lE ly] - COV(W))

1 0 1

where the last equality follows after noting that equation (40) implies that cov(v,y) = 6/ ((1+4dv)¥).
Taken together, we obtain that the expected utility over real money balances:

[ Liog 2] - ray oo (A0 CEMIL 90 E7) £a(Leo)0 100 1
1% p 2(1+90)(6 +¢) b4
where
_El-L 1 P ot b
RBO—]E[ VlogV+V10g1—ﬁ +e ¥ yEy
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A.4.3 The expected cost of supplying labor

To calculate the expected cost of supplying labor, we start by evaluating;:

[ rl

E /0 L}’L‘l’di}
[ 141 141 P

=E |E |:Li o |U,9:|:| =E |:Li 5] =E |:L1'IE1’ |:)\P@l:|:| (42)
P Y Y

_ 1ol = vyt | -7 o7

]E_LI/\P@)I} IE[YIY BYI} E[Y ]E[}gayi\v,eﬂ (43)
r 19y

— - : i = 1—y

E|Y /oYlaYidl] E[y'7], (44)

where

In (42): The first equality follows from the law of large numbers: the average labor cost is equal to the
expected labor cost, conditional on the realization of the aggregate state, (v,0). The second
equality follows from the law of iterated expectations. The third equality follows from the
worker’s first-order condition.

In (43): The first equality follows from the law of iterated expectations. The second equality follows
because workers observe ®; and Y; = ©;L;, because A = Y7, and because, from the final good
firm first-order condition, P;/P = dY/9Y;. The third inequality follows from an application of
the law of iterated expectations.

In (44): The first equality follows from the law of large numbers, just as in equation (42). The second
equality follows because the production function has constant returns to scale, and hence from

Euler’s Theorem for homogeneous function we have that fol Y;0Y/9Y;di =Y.

Thus, the expected cost of supplying labor can be written:

0 (-7
1+96 ’

where w is the log certainty equivalent of aggregate output, that we calculated before.

A.4.4 Welfare with Log Utility and Cobb-Douglas Production Function
In this case, where ¢ = v = 1, the expected cost of supplying labor is zero and welfare reduces to:

51 se Mt 1

Fom —2 14 Rp -2 ™1
AT T NPT 44 ¥

expected log output expected utility from real balances

This is an increasing function of ¥, which establishes Proposition 2.
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A.4.5 Welfare in the Cashless Limit with CRRA Utility and CES Production Function

In this case we can ignore the expected utility over real balance and focus on the sum of the expected
utility of consuming aggregate output and the expected cost of supplying labor:

e(lf'y)w -1 o 5(1 - ')/) e(l—’y)w _ (5 + ’)/) ell=mw — (1 + (S)
-y 1+6 N (1—7)(149) ’

expected utility of output ~ expected cost of labor

which is an increasing function of the log certainty equivalent of aggregate output, w.

A.5 Proof of Lemma 3

Consider the fixed point equation (36)

B 1 N 5 o + o>

5 = F(Q, ¥, Yo).

Clearly, when () is large enough, the left-hand side of the fixed point equation is larger than the
right-hand side. Therefore, the highest solution, (), of the fixed point equation solves

Q, = max {Q Q< F(Q,‘i[fv,‘Ifg).}. (45)

Now consider two vectors (‘I’z(,l), ‘I’él)) and (‘Yz(,z), ‘I’éZ)) such that (‘I’Z(,l), ‘Fél)) < (‘I’z()z), ‘I’éz)) —by which
we mean, as usual, that the inequality holds component per component with at least one strict in-
equality. Let Q&l) and Q&z) be the corresponding solutions of (45). We have:
ol = rl, ¥V, ) > Fol, v, v)

where the equality follows because O is a solution of the fixed-point equation when ¥, = ‘I’g,l) and
Yy = ‘Yél), and the inequality follows because F(Q, ¥,, ¥y) is a strictly decreasing function of ¥, and
Y. But, from the characterization of Qiz) in (45), it then follows that Qiz) < Qil). This establishes
point i) of the Lemma.

Turning to point ii), consider a sequence of ¥, and/or ¥y converging to infinity and the corre-

sponding sequence of (),. From the fixed point equation, it follows that (), is greater than ﬁ,
1+

SF9)” the maximum of the right-hand side.
So the sequence of (), remains in a compact set, and it must have at least one accumulation point,
Q. By continuity of F(Q), ¥, ¥y), it follows QY = F(QP,00) = (1 5 This shows that (1 vy is the
unique accumulation point of the sequence, and consequently is also its limit. This establishes point
if).

An analogous argument shows point iii) of the proposition.

the minimum of the right-hand side, and smaller than
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A.6 Proof of Proposition 3
A.6.1 Preliminaries

A Criterion for Assessing the Welfare Impact of Public Information. From Section A.4.4
and A.4.5 we know that in both cases of interest (that is, log utility plus Cobb-Douglas production
and CRRA plus CES production plus cashless-limit) ex-ante welfare can be shown to be an increasing
function of the log certainty equivalent of aggregate output which we calculated in equation (41).
That equation then implies that increasing (¥y, ¥,) increases welfare if and only if it increases the
following function:

1+
T Q-1
‘I[ 7

(46)

From the fixed point equation (36), it follows that

1 64170 -5

¥ 0y ot e

Plugging this back into (46), we obtain that increasing (¥, ¥y) increases welfare if and only if the
resulting decrease in () increases the following function:

(10— 5) (BF+1000-D) a2t MO+ N

WwQ) = — = , 47
( ) lp"u +lp902 ll]z; +1~IJ902 ( )
where
Y (A +9y) vle—1) _ 144y
NZ_,)/ (,)/(P 1)/ Nl_ 1_'_5 1+5 7 andNO_ (1+5)2'

But (¥, ¥y) affects (47) only through its impact on Q). Moreover, () is strictly decreasing in (¥, ¥y).
So, to assess the welfare impact of public information, it will be sufficient to study how equation (47)
depends on Q).

A Cut-off Weight for Public Information to be Welfare-improving The derivative of (47)
with respect to () is:

2 _ Yo _ — N ¥
_ N0 -2 (N2fe = No) Q= Wi ¥ B G(Q)
(Yo + 9602)" /o (Yo + 9602)" /o
so the sign of the derivative depends on the sign of the second-order polynomial G(Q)). We first note

that, from Lemma 3, ) € [1/ <'y(1 + 5)), (1+5v)/ (’y(l + (5))] Evaluating the function G(Q) a the
lower bound of this interval, we find, after some calculations:

1 _ (6+9) 1 2P0
G(vma))‘ 146 LHW”%FO' “8)

W(Q)

There are thus three cases to consider:
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e Case 1: Ny < 0. Then, G(0) = —»/PgN; > 0, and G(o0) = G(—0c0) = —co. Thus, G(Q) has
two zeros, one strictly negative and one strictly positive. Moreover, from (48) the positive zero
must be smaller than 1/(y(1 + ¢)). Therefore, in equilibrium, G(()) is negative given that
Q, > 1/(y(1+46)), and thus W'(Q,) < 0. Given that (), is a strictly decreasing function of
public information, (¥, ¥y), it follows that welfare is a strictly increasing function of (¥, ¥y).

e Case 2: N; = 0 and G(Q) is an affine function. For N; to be equal to zero, it must be the
case that y¢ > 1, and so N, > 0. Since N is negative, it follows that, in the function G(Q}),
the coefficient on Q) is negative. So G(Q) is decreasing and is negative at QO = 1/(y(1 +9)).
Then again, in equilibrium, G((,) is negative. Given that () is a strictly decreasing function of
(¥, ¥p), it follows that welfare is a strictly increasing function of public information, (‘¥,, ¥y).

e Case 3: Ny > 0. Then G(0) < 0, G(o0) = +o00 and G(Q) is negative when Q) = 1/(y(1+9)).
Therefore, there exists a unique cutoff Q) > 1/(-y(1+ J)) such that G(Q) < 0 for QO < O and
G(Q) > 0forQ > Q.

A.6.2 Proof of Proposition 3

The above analysis shows that there exists some () € (7 (11+5) , Wl(ﬁg)] such that, forall ), € (ﬁ, Vl(ﬁz) ) )

O, >0=G(Q) >0
O, < Q= G(Q) <0.

In particular, in case 1 and 2, Q) = 71(;’%), and G(Q.) < 0 for all possible equilibrium values of (),.
The above implies that the criterion WW(Q) is U-shaped. Itis strictly decreasing for ), € [ﬁ, Q) ,

and strictly increasing for (), € [Q, ;&fg)} :

Now suppose the government has independent signals about v and 6 that would allow to in-
crease public information from ‘I’I(JO) and ‘I’éo) to 1{,2()1) > 1{,2()0) and ‘I’él) > ‘I’éo), with at least one strict
inequality. We want to show that, if it releases independent signals, the government optimal policy
is bang-bang: it is best for the government to release all or none of the information. To that end,
consider any continuously increasing curve linking (‘I’z(,o),‘lféo) ) to (‘I’z(,l) ,‘I’(gl)) in the (¥,, ¥y) space,
parameterized by x € [0,1]. Clearly, any partial release of independent information by the govern-
ment will move the economy to a point lying on such a curve. After calculating the highest fixed
point of the equilibrium equation (36) for every x € [0, 1], one obtains a strictly decreasing, possibly
discontinuous, function (), (x). Since W(Q) is U-shaped, it follows that:

max W(Q(x)) = Qemr*r(l(%*(l)]w(ﬂ) = max {W(Q(0)), W(Q.(1))}.

That is, welfare is maximized if the government releases all or none of the information.
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A.7 Proof of Proposition 4

First part of the Proposition. We start first by showing that YW(Q) is negative. To see this note
that from equation (47), W(Q) is negative if and only if

14 oy
1+94

+70(r9—-1) =0 (49)

This is positive when ¢ > 1. When ¢ < 1, equation (49) holds for all ) if and only if it holds for

Q= vl(ﬁg) ,i.e., if and only if:

1+6y  y(1+57y) ~ (T+6y)v¢
115 " qte) PV = Ty 20

A condition that is clearly satisfied.
1

Next, recall that, when either ¥, or ¥y go to infinity, () converges to 70T > 0. Therefore,

Y = i, + Q2 + ¥, + YpO? goes to infinity, and W (Q)) goes to zero. Given that W(Q) is negative,
this implies that a sufficiently large increase in public information increases welfare.

Second part of the Proposition, sufficiency. Suppose é > ¢. All we need to show is that, in
this case, for any given finite increase in public information resulting in public precisions (¥, ¥y),
there exists some (1, g) such that G(Q),) > 0: indeed, if G(Q)) > 0, then we know that the increase
in public information has resulted in an decrease in (), leaving us in a region where still W(Q)) is
increasing. Given that W(Q) is U-shaped, this implies that welfare has necessarily decreased.

First, we note that, as either 1y or ¥, go to infinity, (0, — 71(%%). Indeed, from the fixed-point
equation (36):
- 146y . _ 6 ¥, + ¥,02
— y(1+49) 1469y + P2 + ¥, + Fo 2

The result follows since (), is bounded away from zero and infinity. Next, simple calculations show
that:

1+67 \ Py
¢ <’Y(1+5)> B GOJFGlIPe’ 0)
where
1+ 57)? 2(p+5(—1+2
6= ygn 0= ), and 6 =TGR

If 6 > ¢, then Gy is positive and thus equation (50) implies that G is positive for small enough 1, / .
Given the continuity of G(Q2) in both ¢, /1y and ), we conclude that, if i, and ¢y are large enough
but the ratio ¢, /Py is small enough, then G(Q),) can be made positive.

Second part of the Proposition, necessity. If § < ¢, then for any ¢, and 1y, we know that
G((1+dy)/(v(1+9))) < 0asboth Gy < 0and G; < 0. Given that we have already shown that
G(1/(v(1+49)) < 0, it follows then that in this case, for all (), G(Q,) < 0, and thus W((),) is always
decreasing in (). Since (), is decreasing in public information, it follows that public announcements
are always beneficial.
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A.8 Rulingoutky # 0or Ky # 0

To simplify the exposition, in Section 3.1 we assumed that, by observing of the velocity shock and
of the final good price, the shopper is able to infer the exact realization of 6 from the observation of
prices. In the class of symmetric linear equilibria, this amounts to assume that either Ky # 0 or ky # 0.
In this appendix, we show that this property must, in fact, hold in any symmetric linear equilibrium:

Lemma 5. In a symmetric linear equilibrium, Ko # 0 or kg # O.

To prove the Lemma, we first note that, when the shopper is uncertain about what is on the
right-hand-side of his budget constraint, he faces the additional constraint that

Md
cogmin{‘1+yo}, (51)
Py

where the min is taken across all realizations of the state that have a non-zero probability, according
to the posterior probability distribution of the shopper. This constraint says that the shopper can not
spend more than the minimum amount of resources he expect to receive by the end of the period -
the intra-period version of Aiyagari’s (1994) natural borrowing limit. The first-order conditions of
the shopper with respect to money balances and consumptions are, then:

Ao M 1 B 1
Fo_ﬁfl+ﬁMv_1—5Mv
Ao
C072F0/

with an equality if (51) is not binding.

Now suppose there exists a linear equilibrium such that Kg = 0 or kg = 0. Then the intermediate
good workers can perfectly infer v from the observation of nominal prices, and face no uncertainty
about Ag. Therefore, the intermediate-good supply is:

yi = (1+0)8; +6(pi —v)
Equating this with the intermediate-good demand, we find that

1
21,
Now recall that, because of equation (12), in a linear equilibrium p; and p must have the same loading

on v and 6, K, and Ky. Averaging the above equality across sectors while keeping in mind our
maintained assumption that Ky = 0, we find that, up to some constant:

(1+5)0i+5(m—v)=y+¢(ui— +P—Pi)-

(146)0+0(Ky—1)v =y. (52)

Now let us go back to the shopper’s problem. If, in a linear equilibrium, the shopper does not infer
the exact realization of 6, then its posterior distribution is a non-degenerate normal, so it has an
unbounded negative support. Thus equation (52) implies that the minimum of Yj is zero, and (51)
becomes the cash-in-advance (CIA) constraint:

M—l
Co < —L. (53)



Next, there are two cases to consider. If the CIA is not binding, then 1/C = A and the quantity
equation is

p=v—7y=0(1—-9K, +96) —y(1+9)b,

which implies that the price does depend on 0. The second case is if the CIA is binding, p = m —y,
and, then again, p depends on 0. This contradicts the assumption that Ky = 0.

43



References

Aiyagari, S Rao, “Uninsured Idiosyncratic Risk and Aggregate Saving,” The Quarterly Jour-
nal of Economics, August 1994, 109 (3), 659-84.

Amato, Jeffery D. and Hyun Song Shin, “Imperfect Common Knowledge and the Informa-
tion Value of Prices,” Economic Theory, 2006, 27, 213-241.

Angeletos, George-Marios and Alessandro Pavan, “Efficient Use of Information and Social
Value of Information,” Econometrica, 2007, 75, 1103-1142.

_ and Ivan Werning, “Crises and Prices: Information Aggregation, Multiplicity and Volatil-
ity,” American Economic Review, December 2006, 96, 1721-1737.

_ and Jennifer La’O, “Noisy Business Cycles,” 2009. Working paper, MIT.

Atkeson, Andrew, V.V. Chari, and Patrick Kehoe, “On the Optimal Choice of a Monetary
Policy Instrument,” 2007. Working paper, Federal Reserve Bank of Minneapolis.

Brunermeier, Markus K., Asset Pricing under Asymmetric Information, Oxford Univeristy
Press, 2001.

Burstein, Ariel T. and Christian Hellwig, “Prices and Market Shares in a Menu Cost
Model,” 2007. NBER Working paper No. 13455.

DeMarzo, Peter and Costis Skiadas, “Aggregation, Determinacy, and Informational Effi-
ciency for a Class of Economies with Assymetric Information,” Journal of Economic Theory,
May 1998, 80 (1), 123-152.

Eusepi, Stefano and Bruce Preston, “Central Bank Communication and Expectations Stabi-
lization,” 2007. Working Paper, Department of Economics, Columbia University.

Ganguli, Jayant V. and Lyian Yang, “Complementarities, multiplicity, and supply informa-
tion,” Journal of the European Economic Association, 2009, 7, 90-115.

Grossman, Sanford J., “On the Efficiency of Competitive Stock Markets Where Trades Have
Diverse Information,” Journal of Finance, 1975, 31, 573-585.

Hall, Robert, “Reconciling Cyclical Movements in the Marginal Value of Time and the
Marginal Product of Labor,” Journal of Political Economy, April 2009, 117, 281-323.

Hellwig, Christian, “Heterogeneous Information and the Welfare Effects of Public Informa-
tion Disclosures,” 2005.

_ and Venky Venkateswaran, “Setting the Right Prices for the Wrong Reasons,” Journal of
Monetary Economics, 2009. Forthcoming.

_ , Arijit Mukherji, and Aleh Tsyvinski, “Self-Fulfilling Currency Crises: The Role of In-
terest Rates,” American Economic Review, December 2006, 96, 1769-1787.

44



Hellwig, Martin, “On the aggregation of information in competitive markets,” Journal of
Economic Theory, 1980, 22, 477-498.

Hirshleifer, Jack, “The private and social value of information and the reward to incentive
activity,” American Economic Review, 1971, 61, 561-574.

Lorenzoni, Guido, “Optimal Monetary Policy with Uncertain Fundamentals and Dispersed
Information,” Review of Economic Studies, 2009. Forthcoming.

Lucas, Robert E. Jr., “Expectations and the Neutrality of Money,” Journal of Economic Theory,
1972, 4, 103-124.

_, “Some International Evidence on Output-Inflation Tradeoffs,” The American Economic
Review, June 1973, 63 (3), 326-334.

Lucas, Robert E. Jr, “Equilibrium in a Pure Currency Economy,” Economic Inquiry, April
1980, 18 (2), 203-20.

Morris, Stephen and Hyun Song Shin, “The Social Value of Public Information,” American
Economic Review, 2002, 92, 1521-1534.

— and _, “Central Bank Transparency and the Signal Value of Prices,” Brookings Papers on
Economic Activity, 2005, 2, 1-66.

Moscarini, Guiseppe, “Competence Implies Credibility,” American Economic Review, 2007,
97, 37-63.

Obstfeld, Maurice and Kenneth Rogoff, “Speculative Hyperinflations in Maximizing Mod-
els: Can We Rule Them Out?,” Journal of Political Economy, August 1983, 91 (4), 675-87.

Roca, Mauro, “Transparency and Monetary Policy with Imperfect Common Knowledge,”
2006. Working Paper, Columbia University.

Shimer, Robert, “Labor Markets and Business Cycles,” February 2009. unpublished.

Taub, Bart, “Optimal Policy in a Model of Endogenous Fluctuations and Assets,” Journal of
Economic Dynamics and Control, 1997, 21.

Vives, Xavier, “How Fast do Rational Agents Learn?,” Review of Economic Studies, 1993, 60,
329-347.

Woodford, Michael, Interest and Prices, Pricenton University Press, 2003.

45



	Introduction
	The Model
	Preferences and Technology
	Shocks
	Timing and Information Structure

	Definition of an equilibrium
	Solving the Family's Problem
	Linear equilibrium in the first period

	Equilibrium Characterization
	Explaining The Fixed-Point Equation

	Public Information and Welfare
	Welfare Criterion and Equilibrium Selection
	U-Shaped Welfare and Bang-bang Communication

	Explaining the Negative Welfare Result
	The Role of Labor Supply Elasticity 
	The Role of Private Learning from Price

	Robustness and Extensions
	Cashless Limit
	Information aggregation versus coordination

	Conclusions
	Proofs
	Ruling out implosive or explosive solution
	The Equilibrium Equations in the CRRA/CES model
	Main equations
	Obtaining the price equations

	Proof of Proposition 1
	Step 1: the Velocity Forecast, Conditional on the Prices
	Step 2: the Coefficients of the Price Functions
	Step 3: the coefficient 
	Step 4: Finishing up
	The coefficients K0 and k0, in the special case where ==1

	Proof of Proposition 2
	The expected utility of consuming aggregate output
	The expected utility of real balances
	The expected cost of supplying labor
	Welfare with Log Utility and Cobb-Douglas Production Function
	Welfare in the Cashless Limit with CRRA Utility and CES Production Function

	Proof of Lemma 3
	Proof of Proposition 3
	Preliminaries
	Proof of Proposition 3

	Proof of Proposition 4
	Ruling out k=0 or K=0


