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1 Introduction

Many economic environments feature a large group of agents taking decisions under dispersed in-
formation about relevant economic fundamentals affecting individual preferences and/or the prof-
itability of investment opportunities. In such environments, the information that the agents choose
to collect about the underlying fundamentals is determined by their desire to align their actions
with the fundamentals, as well as with other agents’ actions. Furthermore, because acquiring in-
formation is costly, the precision of information acquired in equilibrium depends on the quality of
public information provided by policy makers, statistics bureaus, and the like.

In this paper, we investigate how the precision of private information acquired in equilibrium
differs from the socially optimal one and relate the discrepancy between the two to the primitives
of the environment, as well as to the way information is used in equilibrium. We then use such a
characterization to examine how the social value of public information is affected by the endogenous
response in the acquisition of private information.

To abstract from specific institutional details and identify general principles while retaining
tractability, in the first part of the paper we conduct our analysis within the flexible family of
Gaussian-quadratic economies studied in the literature (see, among others, Morris and Shin, 2002,
Angeletos and Pavan, 2007, Hellwig and Veldkamp, 2009, and Myatt and Wallace, 2012; see also
Vives, 2008, for an excellent overview of this literature and its applications). This framework
allows for either strategic complementarity or substitutability in actions as well as for a rich set
of externalities that are responsible for possible wedges between the equilibrium and the efficient
use of information. Contrary to the previous literature, however, we allow the agents to choose
the precision of their private information before they commit their actions. We assume that the
acquisition of private information is costly and allow for an arbitrary cost function. Importantly,
and realistically, we allow the agents to adjust the precision of their private information in response
to variations in the quality of information provided by policy makers, statistics bureaus, and other
sources of public information. Controlling for the endogenous response in the acquisition of private
information has implications for the social value of public information and may revert some of the
conclusions identified in the previous literature, as we explain in due course below.

Our first result characterizes the precision of private information acquired in equilibrium. It
establishes that the latter is decreasing in the precision of public information, with a degree of
substitutability between the two that is increasing in the importance that the agents assign to
aligning their actions with those of other agents (that is, in the equilibrium degree of coordination).!
Importantly, we show that, while the intensity of the substitution effect depends on the strength of

the coordination motive, its sign does not: irrespective of whether the economy features strategic

! Although established in a different setting, the substitutability between public and private information is also
documented in a recent paper by Myatt and Wallace (2012). The focus of that paper is, however, different from the

one in the present paper, as discussed below in the related literature section.



complementarity or substitutability in actions, an increase in the precision of public information
always crowds out the private information acquired in equilibrium.

We then proceed by characterizing the precision of private information that a benevolent plan-
ner would like the agents to acquire so as to maximize welfare, defined as the ex-ante expected
utility of a representative agent. Such a characterization is one of the distinctive contributions of
the paper. We start by showing that the precision of private information acquired in equilibrium is
typically inefficient, even in those economies in which the use of information (that is, the mapping
from information to actions) is efficient. The reason why efficiency in the use does not guarantee
efficiency in the acquisition of information is that agents may suffer, or benefit, from the dispersion
of individual actions in the cross section of the population and such dispersion naturally depends
on the precision of private information. When such externality has a direct, non-strategic, effect
on individual utilities (as is the case, for example, in beauty contests, as well as in economies with
price-setting complementarities) it is unlikely to be internalized in equilibrium and is responsible
for a wedge between the equilibrium and the efficient acquisition of private information, despite
the economy responding efficiently to the information it collects. More precisely, we show that in
economies in which the use of information is efficient, the precision of private information acquired
in equilibrium is inefficiently high if agents benefit from the dispersion of individual actions in the
population, whereas it is inefficiently low if agents suffer from such a dispersion.

Moving away from economies in which the use of information is efficient, we then consider
separately two families of economies in which the inefficiency in the acquisition of information
originates in the use of information. The first family comprises economies in which the equilibrium
under complete information is first-best efficient, but in which the equilibrium degree of coordination
(that is, the importance that agents assign to aligning their actions with the actions of others)
differs from the socially-optimal degree of coordination (defined to be the importance that the
planner assigns to such alignment in actions). The second family comprises economies in which
the equilibrium degree of coordination coincides with the socially-optimal one, but in which the
complete-information equilibrium fails to be first-best efficient. In both cases, we assume away
externalities from the dispersion of individual actions so as to isolate the novel effects brought in
by the inefficiency in the use of information.

Consider first economies in which the inefficiency in the acquisition of information originates
in the discrepancy between the equilibrium and the socially-optimal degrees of coordination. We
show that the precision of private information acquired in equilibrium is inefficiently low when
the equilibrium degree of coordination exceeds the socially optimal one, whereas it is inefficiently
high when the equilibrium degree of coordination falls short of the socially optimal level. This is
because economies in which agents coordinate too much are also economies in which the sensitivity
of equilibrium actions to private information relative to public is inefficiently low. Because agents
expect to respond to their private information less than what is efficient, they also underinvest

in information acquisition. The opposite is true in economies in which the equilibrium degree



of coordination falls short of the socially-optimal one: in this case, agents overrespond to private
information and, as a result, overinvest in information acquisition. Note that these results hold
irrespective of whether the economy features strategic complementarity or substitutability in actions
and irrespective of the cost of information acquisition.

Next, consider economies in which the inefficiency in the acquisition of information originates
in the inefficiency of the complete-information equilibrium actions. We show that the precision of
private information acquired in equilibrium is inefficiently low if and only if the sensitivity of the
complete-information equilibrium actions to the fundamentals falls short of the sensitivity of the
first-best allocation. In other words, the direction in which the economy fails to respond to changes
in fundamentals under complete information determines the direction in which it fails to invest
efficiently in information acquisition, under dispersed information.

Clearly, the cases considered above do not cover all possibilities. There are economies in which
the inefficiency in the acquisition of information comes from a combination of the three channels
discussed above: (i) the presence of externalities from the cross-sectional dispersion of individual
actions, (ii) the discrepancy between the equilibrium and the efficient degree of coordination, and
(iii) the discrepancy between the complete-information equilibrium actions and the first-best allo-
cation. By isolating the source of the inefficiency, the economies discussed above represent useful
benchmarks that one can then use to examine more complex economies.

Importantly, understanding what primitive sources are responsible for inefficiencies in the ac-
quisition of private information has implications for the social value of public information. While
previous research focused on the partial effect that more precise public information has on welfare
holding fixed the precision of private information, here we investigate the total effect, taking into
account how variations in the quality of public information trigger variations in the precision of
private information acquired in equilibrium. In particular, we show that, irrespective of whether
the economy features strategic complementarity or substitutability in actions, the crowding-out
effects of public information on private information increase the social value of public information
in economies that overinvest in the acquisition of private information, while the opposite is true in
economies that underinvest in information acquisition. Interestingly, such crowding-out effects may
change not only the size but also the sign of the social value of public information. More precisely,
we show that there exists a critical threshold A > 0 for the discrepancy between the equilibrium
degree of coordination, «, and the socially-optimal degree of coordination, a*, such that, whenever
a—a* < A, such crowding-out effects can turn the social value of public information from negative
to positive, but never from positive to negative. Note that this result is true irrespective of whether
or not the economy is efficient under complete information, of whether or not agents benefit from
the dispersion of individual actions in the population, and of the details of the cost function for the
acquisition of private information. In other words, whenever the importance that the agents assign
to aligning their individual decisions does not exceed by too much the socially optimal level, the

crowding-out effects of public information on private information are never strong enough to turn



negative the social value of public information.?

In the second part of the paper, we show how the insights from the Gaussian-quadratic model
may help also outside this model. We consider a fully microfounded economy with price rigidities,
monopolistic competition, and isoelastic preferences, along the lines of those studied in Hellwig
(2005) and Roca (2010). Contrary to these papers, however, we endogenize the acquisition of
private information. In these economies, agents (in the role of price setters) respond not only
to variations in the average action (the average price) but also to variations in the volatility of
the average price and in the dispersion of prices in the cross-section of the population. As a
result, the equilibrium best responses are more complex than in the Gaussian-quadratic model.
Nonetheless, the key insights from the Gaussian-quadratic model about the sources of inefficiency
in the acquisition of information extend to this richer economy. We also identify primitive conditions
for this economy to overinvest in the acquisition of private information in terms of risk-aversion,

technology, and substitutability of goods across producers.

The rest of the paper is organized as follows. We briefly review the pertinent literature in
Section 2 below. Section 3 contains all results for the Gaussian-quadratic model, while Section
4 contains the results for the monetary economy with price-setting complementarities. Section 5
concludes. All proofs for the Gaussian-quadratic model are in Appendix A, whereas the derivations

for the monetary economy are in Appendix B.

2 Related literature

Private information acquisition in coordination settings. The role of private information
acquisition in coordination settings has been explored recently in Hellwig and Veldkamp (2009),
Mackowiak and Wiederholt (2009), and Myatt and Wallace (2012, 2013). Hellwig and Veldkamp
(2009) show that strategic complementarities in actions induce strategic complementarity in private
information acquisition (i.e., “agents who want to do what others do, want to know what others
know”). A similar point is made in Mac¢kowiak and Wiederholt (2009): in a framework with
rational inattention, they show that strategic complementarity in price-setting decisions leads to
strategic complementarity in the price setters’ allocation of attention. Myatt and Wallace (2012)
and Myatt and Wallace (2013) consider information acquisition in, respectively, a beauty-contest
framework and a Cournot model with differentiated goods. In these two papers, agents have access
to an arbitrarily large number of information sources and the precision of each source depends on

both the accuracy of the source (the ‘sender’ noise) and the attention that an agent devotes to the

2This condition is satisfied, for example, in the beauty contest model of Morris and Shin (2002). We show that
the crowding-out effects of public information on private information can either increase or decrease the social value
of public information in their model, depending on whether the economy collects too much or too little private
information in equilibrium. However, while such effects may turn the social value of public information from negative

to positive, they can never turn it from positive to negative.



source (the ‘receiver’ noise). As in our model, and in contrast to Hellwig and Veldkamp (2009), the
attention allocated to each source is a continuous choice. This difference has implications for the
equilibrium determinacy: while there are multiple symmetric equilibria in Hellwig and Veldkamp
(2009), the symmetric equilibrium is unique in the present paper as well as in Myatt and Wallace
(2012, 2013).

Related are also two independent and contemporaneous papers that contrast the equilibrium
acquisition of information to the efficient acquisition of information in business-cycle models: Llosa
and Venkateswaran (2013) and Mackowiak and Wiederholt (2013). The paper by Llosa and
Venkateswaran (2013) considers three specifications of the business cycle. The first specification
is an RBC model in the spirit of Angeletos and La’O (2010), in which firms make employment
decisions under dispersed information about the productivity of labour. The second specification
is a business-cycle model with dispersed information on a nominal shock, as in Hellwig (2005).
The third specification is a monetary economy with dispersed information on a productivity shock,
similar to the one considered in the second part of our paper. The key differences between our
work and Llosa and Venkateswaran (2013) are that we (a) allow for more general preferences, and
(b) consider a setting with both private and public information. Allowing for a more general infor-
mation and preference structure (in particular, permitting the households to be risk averse in their
consumption choices) has important implications for the conclusions about the (in)efficiency in the
acquisition of information. The two papers are also fundamentally different in their objectives.
While Llosa and Venkateswaran (2013) seeks to compare the equilibrium acquisition of private
information (with and without policy intervention) across the aforementioned specifications of the
business cycle, here we seek to identify general channels that are responsible for inefficiencies in the
acquisition of private information. For this purpose, the Gaussian-quadratic model in the first part
of the paper remains the ideal framework, because of its simplicity and flexibility. We then use the
monetary economy application as an illustration of how the insights from the Gaussian-quadratic

model may help also in fully microfounded applications.?

The paper by Mac¢kowiak and Wiederholt (2013) compares the equilibrium allocation of at-
tention to the efficient allocation of attention in a business-cycle model with rationally inattentive
producers. In addition to certain differences in the information structure, that paper differs from
ours in the payoff structure. In particular, it considers a linear-quadratic specification along the
lines of those considered in Angeletos and Pavan (2007) and in the first part of the present paper.
However, payoffs are assumed to be independent of the dispersion of actions in the cross-section of
the population. As we show in the present paper, such a dependence is a natural feature of many

microfounded models. Importantly, abstracting from such a dependence has important implications

3 Another recent paper that studies endogenous information acquisition in a business-cycle framework is Angeletos
and La’0O (2013). That paper shows how policies that induce efficiency in the use of information also induce efficiency
in the acquisition of information. That conclusion, however, rests on the assumption that agents can perfectly insure

their consumption at no cost, an assumption that we do not make here.



for the comparison of the equilibrium and the efficient allocation of attention (alternatively, for the
(in)efficiency of the acquisition of private information). For example, the conclusion that economies
in which the equilibrium degree of coordination exceeds the socially optimal one are also economies
in which agents acquire too little information (or pay too little attention to relevant events) may
not hold when payoffs depend positively on the dispersion of individual actions, as is the case, for
example, in the business cycle application we consider in Section 4.

Another dimension in which the present paper differs from all the papers cited above is that
here we also investigate how inefficiencies in the acquisition of private information affect the social
value of public information.

Related are also recent papers by Szkup and Trevino (2012) and Yang (2012). Contrary to
this paper and the papers cited above, these works study binary-action global games of regime
change and focus on how the determinacy of equilibria is affected by the endogeneity of private
information. Other differences are that these papers do not study the sources of inefficiency in the
acquisition of private information and do not relate them to the social value of public information.

A crucial feature of our model is that agents respond to variations in the quality of public
information by changing the precision of private information they acquire in equilibrium. A similar
timing is considered in Dewan and Myatt (2008, 2009). In a model of political leadership, party
activists decide how much attention to pay to different leaders in order to coordinate their actions.
Taking this into account, party leaders may decide to obfuscate the clarity of their communica-
tions. The focus of these papers is, however, very different from ours: party leaders maximize the
probability of winning the election, whereas the planner maximizes welfare in our environment.

Information acquisition is also studied in Demerzis and Hoeberichts (2007), Wong (2008), and
Colombo and Femminis (2008). The first paper assumes that agents choose the quality of their
private information before observing the quality of public information. The second paper considers
a model in which agents decide whether or not to perfectly learn the underlying state of nature
taking into account the quality of information provided by a policy maker. In turn, the policy
maker learns from observing the agents’ average action. Colombo and Femminis (2008) consider a
model in which the timing of information acquisition is the same as in the present work. However,
that paper restricts attention to a beauty-contest environment & la Morris and Shin (2002) and
assumes a linear cost for both private and public information, thus leading to the prediction that,
in equilibrium, only one type of information is acquired. The key difference between the present
work and the papers mentioned above is that here we seek to characterize the sources of inefficiency
in the acquisition of private information and then use such a characterization to explain how the
social value of public information is affected by the acquisition of private information.

Crowding-out effects of public information. Our paper is also related to the literature
that documents the crowding-out effects of exogenous public information on the endogenous public
information aggregated by prices and other public statistics (e.g., Vives (1993), Morris and Shin
(2005), Amato and Shin (2006) and, more recently, Amador and Weill (2010), and Vives (2011)).



In these papers, more precise public information, by inducing agents to rely less on their exogenous
private information, has the perverse effect of reducing the informativeness of endogenous public
signals. In contrast, in the present paper, more precise public information exerts a crowding-
out effect on the agents’ acquisition of private information. Whether such a crowding-out effect
contributes positively or negatively to the social value of public information is then shown to depend
on whether agents underinvest or overinvest in the acquisition of private information. In the paper,
we identify primitive conditions for each case.

Social value of public information. Morris and Shin (2002) show that public information
may have a detrimental effect on welfare in economies resembling Keynes’ beauty contests. Our
paper contributes to this literature by showing that, because in these economies agents may collect
too much private information relative to what is efficient, more precise public information, by
inducing agents to cut on their acquisition of private information, may have a net positive effect
on welfare in situations in which it was shown to have a negative effect ignoring the endogeneity
of private information.

Following up on Morris and Shin (2002), Cornand and Heinemann (2008), again in a beauty
contest framework, show that more precise public information may have a positive effect on welfare
when it reaches only a fraction of market participants.* A similar information structure is considered
in Morris and Shin (2007); they show that, in the absence of direct externalities from dispersion,
the fragmentation of information always leads to welfare losses. The welfare implications of both
papers rest on the fact that some relevant information reaches only a share of market participants.
In contrast, in our framework, the welfare effects of public information depend on the strategic
substitutability between private and public information.

The analysis of the social value of information has been extended by Angeletos and Pavan
(2007) to a large class of Gaussian-quadratic economies featuring either strategic complementarity
or substitutability in actions and a rich set of externalities. The analysis in Section 3 in the present
paper considers the same family of Gaussian-quadratic economies as in that paper. The contribution
of the present paper is in endogenizing the acquisition of private information and in relating the
inefficiency in the acquisition process to the sources of inefficiency in the use of information. As
mentioned above, this characterization has also important implications for the social value of public
information.

Related is also the work by Myatt and Wallace (2014) who consider a Lucas-Phelps island
economy with several (imperfectly correlated) information sources. They show that it is never
optimal for a benevolent planner to provide a perfectly public or perfectly private signal. In the same
spirit, Chahrour (2012) shows that a central bank may optimally choose to withhold information
when private agents may miscoordinate on the sources of information they pay attention to.

The welfare implications of more transparency in public disclosures is also the theme of a

4Morris and Shin (2002) also stimulated a debate on the empirical plausibility of their result, questioned by
Svensson (2006) and reaffirmed by Morris, Shin, and Tong (2006).



few recent contributions to the macroeconomic literature on monetary policy with monopolistic
competition and dispersed information (e.g., Hellwig, 2005, Lorenzoni, 2010, Roca, 2010, Angeletos,
Iovino, and La’O, 2011). None of these papers looks at how the social value of public information

is affected by the inefficiency in the acquisition of private information.

3 Gaussian-Quadratic Economies

3.1 The model

Agents, Actions, and Payoffs. The economy is populated by a (measure-1) continuum of agents,
indexed by 4, and uniformly distributed over [0, 1]. Let k; € R denote agent i’s action, K and a,%,
respectively, the average action and the dispersion of individual actions in the cross section of the
population, and 6 a random variable parametrizing the economic fundamentals, which we assume
to be Normally distributed, with mean p and variance 7, ! Each agent #’s payoff is represented by
the function

u(ki, K, 0, 0) .

As standard in the literature, we assume that (a) u is approximated by a second-order polynomial
and (b) that the dispersion of individual actions a,% has only a second-order non-strategic effect on w.
In other words, u is additively separable in O'g with coefficient u,,/2, so that ug, = ugs = ug, = 0
and u, (k, K,0,0) = 0, for all (k, K,6).> In addition to the above conditions, we assume that the
partial derivatives of u satisfy the following conditions: (i) ugr < 0, (ii) o = —ugr /uke < 1, (iii)
gk + 2uk +ur kg < 0, (iv) Uugg +tee < 0, and (v) ugg # 0. Condition (i) imposes concavity at the
individual level, so that best responses are well defined, while Condition (ii) implies that the slope
of best responses with respect to K is less than one, which in turn guarantees uniqueness of the
equilibrium. Conditions (iii) and (iv) guarantee that the first-best allocation is unique and bounded.

Finally, Condition (v) ensures that the fundamental variable 6 affects equilibrium behavior.

Timing and Information Acquisition. Each agent i observes a combination of noisy private

and public signals about the fundamental 8. We summarize all public signals into a single statistics
y=0+¢
and all private signals into the statistics
x;=0+E&.

The correlated noise € is drawn from a Normal distribution, independently of 6, with mean zero
and precision 7,. Each idiosyncratic noise §; is drawn from a Normal distribution, independent of

6, ¢, and & (j # i), with mean zero and precision m,,. Note that, while y is common knowledge

>The notation uy denotes the partial derivative of u with respect to k, whereas the notation urx denotes the cross

derivative with respect to k and K. Similar notation applies to the other arguments of the payoff function.



among the agents, x; is private information to agent ¢. Hereafter, we refer to 7, = mg + m, as to
the total precision of public information. The latter combines the precision of the common prior
with the precision of the public signal y.

The economy described above is the same as in Angeletos and Pavan (2007). To this economy we
add an initial stage in which agents choose the precision of their private information. In particular,
we assume that, before observing the realization of the public signal y and before committing her
action k;, each agent ¢ chooses the precision 7, of her private information. After observing the
signals (z;,y), each agent i then chooses her action k; simultaneously with any other agent.

We denote by C (m;) the cost of private information acquisition and assume that C' is a con-
tinuously differentiable function satisfying C' (7,),C" () > 0, for all m, > 0, C’(0) = 0 and
limy, 00 C'(7;) = co. These conditions on the cost function are not crucial for the results but
facilitate the exposition by guaranteeing interior solutions. Each agent i’s payoff, net of the cost of
information acquisition, is then given by u (k;, K, o, 0) — C(7s,).

As standard in this literature, we do not model the cost of public information. The reason is
that our interest is in the inefficiencies in the acquisition of private information and on how such
inefficiencies affect the marginal benefit of public information. The cost of public information is
irrelevant for our analysis. It becomes relevant only if one wants to characterize the ‘optimal’ supply
of public information. This can be done by combining our results about the marginal benefit of
more precise public information with a specific cost function. However, this is beyond the interest

of this paper.

3.2 Equilibrium acquisition of private information

We focus on symmetric equilibria whereby all agents acquire information of the same quality and
then follow the same rule to map the information they receive into their actions. As shown in
Angeletos and Pavan (2007), in any such equilibrium, given the precision of private and public

information (7, 7,), for any (z,y), the action that each agent takes is given by
k(x,y;mp, m2) = EB[(1 — o)k + oK | x,y; 7p, 2], (1)

where k = kg + k160 denotes the complete-information equilibrium action®, K = E[k(z,y; 7z, 75)
| 0,y; 7., m,] denotes the incomplete-information average action, and o = ugp /|ugi| denotes the
‘equilibrium degree of coordination,” or, equivalently, the slope of individual best responses to
variations in aggregate activity over and above the complete-information level.”

Now let k(+; 7, m,) denote the unique rule that solves the above functional equation. Taking

into account how information is used in equilibrium, we then have that the marginal benefit that

—u(0,0,0,0) —upp
7 L Uik UK . Uik HURK, . .
Note that the expression in (1) does not depend on the information being Gaussian. It follows directly from the

®The scalars ko and k1 are given by ko = and K1 = , respectively.

assumption that u is quadratic.



each individual assigns to more accurate private information, evaluated at the equilibrium level, is

given by the following result.

Proposition 1 Let &, be the precision of private information acquired in equilibrium. The (gross)
marginal private benefit that each agent assigns to an increase in the precision of her private infor-
mation (evaluated at 7y = 7, ) is given by

Uk 9
2 Oy

V(IT'[I{I - K | k(‘;ﬁxaﬂz)7ﬁxvﬂz]7 (2)

where %Var[k — K | k(- 7ty 7)), T, 72| denotes the marginal reduction in the dispersion of indi-
vidual actions around the mean action that obtains when one changes 7, around 7, holding fired

the equilibrium use of information (that is, holding fized the rule k(-; 7z, 7;)).

In other words, in equilibrium, the marginal benefit that each agent assigns to an increase in
the precision of her private information coincides with the marginal reduction in the dispersion of
her action around the mean action, weighted by the importance |ugx|/2 that the individual assigns
to such a reduction. Importantly, this marginal reduction is computed holding fixed the strategy
k(-; 7z, m,) that each agent plans to use after collecting the information. This is intuitive given
that, from usual envelope arguments, the individual expects her information to be used optimally
once acquired. As we see below, this interpretation helps us understand the sources of inefficiency
in the acquisition of private information.

When applied to the Gaussian information structure described above, the result in the previous

proposition leads to the following equilibrium characterization.

Proposition 2 In the unique symmetric equilibrium, each agent acquires private information of

R ’ukk|l€% Ty
= — 3
T \/ 2C" (7)) 1—a’ 3)

where T, = mg + m, denotes the total precision of public information.

precision 7w, implicitly given by

Obviously, the precision of private information acquired in equilibrium decreases with the
marginal cost of acquiring information. More interestingly, the precision of private information
acquired in equilibrium increases with (i) the sensitivity of the complete-information action x1 to
the fundamental and (ii) the curvature of individual payoffs |ugx|. Both effects should be expected,
for they imply a higher value for aligning individual actions to the fundamental. Note also that
the precision of private information acquired in equilibrium, 7, is decreasing in the degree of
strategic complementarity in the agents’ actions, a. This follows from the fact that a higher degree
of strategic complementarity increases the value that each agent assigns to aligning her actions
with the actions of others, and hence it reduces the value that each agent assigns to learning the

fundamental #. The opposite result is obtained under strategic substitutability, i.e., for oo < 0.
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The most interesting implication of Condition (3) is, however, the one highlighted in the fol-

lowing Corollary, which is instrumental to the analysis in the subsequent sections.

Corollary 1 (Crowding-out effects of public information) (i) An increase in the precision

of public information reduces the precision of private information acquired in equilibrium: —ﬁ <

g—fé < 0. (i) The substitutability between public and private information is increasing in the

.7 . . N y 2 7
equilibrium degree of coordination: 8‘152& <0.

Part (i) highlights the fact that more precise public information crowds out the precision of
private information acquired in equilibrium, whereas part (ii) highlights how such crowding out
increases with the equilibrium degree of coordination, «.

The intuition for part (i) is quite straightforward: when agents possess more precise public
information, they can better forecast both the fundamental 6 and the aggregate action K, in which
case there is less value in acquiring private information. The intuition for part (ii) is that the value
of public information, relative to private, is in permitting each agent to align her action with the
actions of others. The higher the value that each agent assign to such alignment, the higher the
value of public information relative to private, and hence the stronger the substitutability between

the two sources of information.®

3.3 Efficient acquisition of private information

We now turn to the efficient acquisition of private information. We distinguish between two scenar-
ios. In the first one, the planner can control the way the agents use the information they acquire,
without however being able to transfer information from one agent to another. In the second one,
we assume that the planner is unable to change the way the agents use their available information
and ask the question of what precision of private information maximizes welfare when information
is processed according to the equilibrium rule. In either case, the welfare criterion we adopt is the

one considered in the rest of the literature — the ex-ante expected utility of a representative agent.

3.3.1 Welfare-maximizing acquisition under efficient use

From Angeletos and Pavan (2007), we know that, for any (7, 7, ), efficiency in the use of information

requires that all agents follow the unique rule £*(+; 7, my) that solves the functional equation
k(*xa Y; Tz, 7TZ) = E[(l - O‘*)’i* + 'K | T, Y; Tz, 7Tz]a

where k* = K + K30 denotes the first-best allocation’, K = Elk(z,y; 7z, 7.) | 0,y; 7z, 7] denotes

the incomplete-information average action, and o* = [ugy — 2upx — UK K|/ |[Ukk + Uoo] denotes the

8The results in Corollary 1 are consistent with those in Propositions 1 and 2 in Myatt and Wallace (2012), who
consider a more restrictive payoff specification but a more general information structure. A similar substitutability

result can also be found in Hellwig and Veldkamp (2009), and in Wong (2008).
1 (0,0,0)+u g (0,0,0)
—(ukkt2up Kk tuK K)

Uk TUKH

and kK] = ———ROTUKO
1 —(uprt2upk+tuK i)’

9The scalars kg and k] are given by k& = respectively.
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‘socially-optimal degree of coordination.” The latter is the fictitious degree of coordination that the
planner would like the agents to perceive for their equilibrium actions to maximize ex-ante welfare.

We then have the following result.

Proposition 3 Suppose that the planner can control the way the agents use their available infor-
mation. For any (my,m,), the (gross) marginal social benefit of inducing the agents to acquire more
precise private information is given by

Ukl + Uoo 0
2 0Ty

Varlk — K | kK*(+; g, 72), T, 2], (4)

where %Var[k — K | k*(:; 7y, m2), Ty, 5| denotes the marginal reduction in the dispersion of indi-
vidual actions around the mean action that obtains when one changes m, holding fixed the efficient

use of information (that is, holding fized the rule k*(-; 7y, m2)).

As with the equilibrium, the social (marginal) benefit of more precise private information is
simply the reduction in the dispersion of individual actions around the mean action, weighted by
the social aversion to dispersion |ugk + uso|/2. Importantly, use (2) and (4) to note that possible
discrepancies between the social and the private benefit of more precise private information originate
in either (i) the inefficiency of the equilibrium use of information (that is, the discrepancy between
the rule k(-;m,,7,) and the rule k*(:;7,, 7)), or (ii) the external effect uy, that the dispersion
of individual actions has on payoffs, which is not internalized in equilibrium. We then have the

following result.

Proposition 4 Suppose that the planner can control the way the agents use their available infor-
mation. The precision of private information 7} that maximizes welfare is given by the unique

solution to

o [ lukk + uool (’QT)Q Tz

T 20" (%) 1—a*

Comparing the results in Propositions 2 and 4 we arrive to the following conclusion.

Proposition 5 Let 7, denote the precision of private information acquired in equilibrium and 7},
the precision of private information that maximizes welfare when the planner can control the way

the agents use their available information. Then 7ty < 7k (resp., 7ty > 7k ) if and only if

|wkk| (%)2 < |ugk + Uool (sz((llizz))ﬁ)z (5)

(resp., if and only if the sign of the inequality in (5) is reversed).

To understand the result, recall from the analysis above that both the private and the social

marginal benefit of an increase in the precision of private information come from the marginal
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reduction in the cross-sectional dispersion of individual actions around the mean action. The
magnitude of this reduction depends on the sensitivity of individual actions to private information,
which is given by
k1 (1 —a)my
T+ (1 — a)my,

under the equilibrium strategy, and by

k(1 —a*)my
T+ (1 — a*)my

under the efficient strategy. The weight that the planner assigns to reducing the cross-sectional
dispersion of individual actions is |ugk + uge|/2, while the weight that each individual assigns to
reducing the dispersion of her own action around the mean action is |ugg|/2. We thus have that the
precision of private information acquired in equilibrium falls short of the efficient level if and only
if the reduction of the dispersion of individual actions under the equilibrium strategy, weighted by
the importance that each individual assigns to such a reduction, falls short of the reduction under
the efficient strategy, weighted by the importance that the planner assigns to such a reduction. The

following two corollaries are then implications of the previous result.

Corollary 2 Efficiency in the acquisition of private information requires (i) efficiency in the use of
information and (ii) alignment between the private and the social benefit of reducing the dispersion
of individual actions in the cross-section of the population, which obtains if and only if there are

no external effects from dispersion, i.e., if and only if uyy = 0.19

Corollary 3 Let 7, denote the precision of private information acquired in equilibrium and ) the
precision of private information that maximizes welfare when the planner can control the way the
agents use their available information.

(i) Consider economies that are efficient in their use of information (k = k* and a = o*).
Then 7, < 7% (resp., Ty > ms) if and only if use < 0 (resp., if and only if uye > 0).

(i1) Consider economies that are efficient under complete information and in which there are
no externalities from the dispersion of actions in the cross-section of the population (k = k* and
Upe = 0). Then 7ty < 7k (resp., Tz > ) if and only if a > o (resp., if and only if o < a*).

(i1i) Consider economies in which the equilibrium degree of coordination coincides with the
socially-optimal degree of coordination and in which there are no externalities from the dispersion
of actions in the cross-section of the population (a = o* and use = 0). Then 71, < 75 (resp.,

7y > s ) if and only if k1 < K} (resp., if and only if k1 > KT).

10Note that, in principle, efficiency in the acquisition of private information can obtain even without efficiency
in the use of information. However, this can happen only in the knife-edge case where the discrepancy between
k1(1—a)me/[m + (1 — a)m] and k7 (1 — ™) 7/ 7 + (1 — @”)7,] is perfectly offset by the discrepancy between

lukk| and |ukk + too|.
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Let us start with the economies in part (i) of Corollary 3. Because in these economies the
equilibrium use of information is efficient, the marginal reduction in the dispersion of individual
actions under the equilibrium rule k(-;7;,7,) coincides with the marginal reduction under the
efficient rule k*(-; 73, m,). As emphasized in Corollary 2, that the equilibrium use of information
is efficient, however, does not guarantee that the private and the social marginal benefit of more
precise private information coincide. The reason is that the private benefit fails to take into account
that other agents’ payoffs depend on the dispersion of individual actions in the population, and that
the latter naturally decreases with the precision of information acquired in equilibrium. Because
this externality has no strategic effects, it is not internalized and is thus a source of a wedge between
the private and the social value of more precise private information. In particular, the precision
of private information acquired in equilibrium falls short of the efficient level in the presence of a
negative externality from dispersion, u,, < 0, while the opposite is true for economies in which the
externality is positive.

Next, consider part (ii) of Corollary 3 and take an economy in which a > «o*. Because there are
no direct externalities from dispersion (i.e., uss = 0), the weight that each individual agent assigns
to a reduction in the dispersion of her action around the mean action coincides with the weight
that the planner assigns to such a reduction. The discrepancy between the private and the social
marginal benefit of more precise private information then originates in the use of information. More
precisely, it originates in the fact that, in equilibrium, agents respond too little to private sources of
information when choosing their actions (recall that economies in which the equilibrium degree of
coordination, «, exceeds the socially optimal one, a*, are economies in which agents overrespond to
public sources of information and underrespond to private ones). This implies that the reduction
in the dispersion of individual actions under the equilibrium rule k(-; 7, 7,) is smaller than under
the efficient rule k*(+; 7., 7,). In turn, this makes the private benefit smaller than the social benefit,
thus contributing to underinvestment in the acquisition of private information.

The same logic explains part (iii) of Corollary 3. As in part (ii), the inefficiency in the acquisition
of private information originates in the inefficiency in the use of information. However, the latter
now comes from the discrepancy between the sensitivity of the complete-information equilibrium
actions to fundamentals, k1, and the sensitivity of the first-best allocation to fundamentals, 7,

opposed to the gap between the equilibrium and the socially-optimal degree of coordination.

3.3.2 Welfare-maximizing acquisition under equilibrium use

The results in Proposition 5 compare the equilibrium precision of private information to the pre-
cision of information that maximizes welfare when the planner can dictate to the agents how to
use their available information. This comparison is of interest for it tells us in which direction the
policy maker would like to correct inefficiencies in the acquisition of private information when the

policy maker can also correct inefficiencies in the use of information (see, e.g., Angeletos and Pavan
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(2009) for how fiscal policy can restore efficiency in the use of information).

For certain problems, though, it is important to compare the precision of private information
acquired in equilibrium to the precision that the planner would like the agents to acquire when
the planner is unable to change the way society uses the information it collects. This is akin to
investigating how welfare, under the equilibrium use of information, changes with the precision of
private information. As it will become clear in the next section, addressing this question is also
instrumental to understanding how the social value of public information (that is, the comparative
statics of equilibrium welfare with respect to the precision of public information) is affected by the
endogeneity of private information. The remainder of this subsection is thus devoted to the analysis
of this question.

Recall that, for any precision of private and public information (7, 7,), the equilibrium use of
information consists in each agent following the rule k(-; 7., 7,) that solves the functional equation
(1). It is standard practice to show that, in the case of a Gaussian information structure, the unique

solution to this functional equation is the linear rule!!

ol + (T, — T
k(z,y; me, m2) = Ko + k1 (1 — ) @ + K1y < o (W 0)y> ; (6)
where!?
— Tz
v = (7, ) RS (7)

The marginal social benefit of inducing the agents to acquire more precise private information

is then given by the result in the following proposition.

Proposition 6 Suppose that the planner cannot control the way the agents use their available
information. For any precision of private and public information (mw,,m,), the (gross) marginal

social benefit of inducing the agents to acquire more precise private information is given by

(8)

[ukk + too| K3(1 =) |ugk + Ugo k3 (a — o) ‘ Oy

2 72 T+ (1 —a)my Omy
n ]ukk—i—QukK—i—uKK\/@% K} — K1 oy
T, K1 Omy ’

where v = y(my, T,) measures the sensitivity of equilibrium actions to private information, relative

to public, and is determined by the expression in (7).

The first term in (8) is the direct marginal benefit of a reduction in the cross-sectional dis-
persion of individual actions around the mean action that obtains holding fixed the equilibrium

rule k(-;7;, 7). As we show in the Appendix, the second term combines the marginal effect of

"1t is also standard practice to abuse terminology and refer to the rule in (6) as linear, as opposed to affine.
2 Throughout, the notation « is meant to be a shortcut for the function (s, m.). To ease the exposition, we

find it convenient to use this shortcut whenever highlighting the specific point where the function is evaluated is not

important. A similar notation will be used below for other functions, as it will become clear in due course.
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changing the rule k(-;7,,7,) by inducing the agents to rely more on their private information
and less on public information (observe that dv/0m, < 0) on (a) the dispersion Varlk — K] of
individual actions and (b) the volatility of the aggregate action around its complete-information
counterpart, Var[K — k|. Finally, the last term, which is relevant only in economies that are in-
efficient under complete information, captures the welfare effects of changing the way the ‘error’
in aggregate activity due to the incompleteness of information covaries with the inefficiency of the
complete-information allocation. Clearly, these last two terms are absent in economies in which the
equilibrium use of information is efficient (k = k* and o = «*) or, alternatively, when the planner
can dictate to the agents how to use their information.

Comparing the marginal benefit that each individual agent assigns in equilibrium to an increase
in the precision of her private information to the marginal benefit that the planner assigns to the

same increase then yields the following result.

Proposition 7 Let 7" denote the precision of private information that maximizes welfare under
the equilibrium use of information (that is, when the planner cannot control the way the agents
use their available information). The same conclusions as in Corollary 8 hold for the comparison

between the precision of private information acquired in equilibrium, 7, and 73*.

Clearly, in economies that are efficient in their equilibrium use of information (k = x* and
a = o), the precision of private information that maximizes welfare coincides with the level 7
that maximizes welfare when the planner can dictate to the agents how to use their available
kk *)

information (i.e., 73* = 7).

. As discussed above, in this case, inefficiencies in the equilibrium

acquisition of information originate entirely in the discrepancy between the private and the social
value of reducing the cross-sectional dispersion of individual actions.

Next, consider economies that are efficient under complete information and in which there are
no externalities from the dispersion of individual actions (kx = k* and us,, = 0). Recall that, in
these economies, inefficiencies in the acquisition of private information originate in the discrepancy
between the equilibrium and the socially-optimal degrees of coordination, with such a discrepancy
affecting the sensitivity of individual actions to private information, relative to public. In this case,
the precision of private information 7}* that the planner would like the agents to acquire when he
cannot control the way information is used in equilibrium can be higher or lower than the precision
mr that maximizes welfare under the efficient use of information. Nonetheless, what remains true
is that

sign(fry, — m) = sign(ty — ).
The same conclusions as in part (ii) of Corollary 3 then apply. When agents overvalue aligning
their actions with the actions of others, relative to the planner (that is, when a > «*), they rely
too much on their public sources of information when committing their actions. In this case, the
precision of private information acquired in equilibrium is inefficiently low. The opposite conclusion

holds when they undervalue aligning their actions with the actions of others, i.e., when o < ™.
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Finally, consider economies in which there are no externalities from the dispersion of individual
actions and in which the equilibrium degree of coordination coincides with the socially-optimal one
(uge = 0 and a = a*). Recall that, in such economies, inefficiencies in the acquisition of information
continue to originate in the inefficiency in the use of information, but the latter now comes from
the inefficiency of the complete-information actions, as opposed to the discrepancy between « and
a*. In these economies, the wedge between the social and the private benefit of more precise private

information, evaluated at the equilibrium level 7, is given by

Oy
ory

2
lugr + 2urk + urk |k (K] — K1
Tz K1

This wedge is positive (implying that the precision of private information acquired in equilibrium
is inefficiently low) if k1 < k7 and negative if k1 > k7. The intuition for this result is the following.
Economies in which k1 < k] are economies in which agents respond too little to variations in the
fundamentals. In these economies, the ‘error’ K — k due to the incompleteness of information co-
varies positively with the inefficiency of the complete-information allocation. More precise private
information, by bringing the aggregate activity closer to the complete-information level, then in-
creases efficiency. This first-order effect is, however, not internalized by the agents, which explains
why the planner would like them to collect more precise private information than they actually do
in equilibrium. The opposite is true for economies in which k1 > 7. In this case, the ‘error’ K — &
due to incomplete information covaries negatively with the inefficiency of the complete-information
allocation (that is, K — k tends to be positive when the equilibrium activity under complete infor-
mation x falls short of the efficient level £*, and negative otherwise). In this case, ‘ignorance is a
blessing,’ for it partially corrects the inefficiency of the complete-information actions. As a result,
the planner would like the agents to acquire less private information than they do in equilibrium.

Remark. The economies considered in Corollary 3 and Proposition 7 are benchmark cases in
which the source of the inefficiency in the acquisition of private information can be isolated and in
which the inefficiency can be unambiguously signed. More generally, one can show that there exists
a function A(k] — k1, — a*;7,) that is increasing in the differences (k] — K1, — o) and equal
to zero at (0,0), such that, for any (x7, k1, o, @), the equilibrium precision of private information
falls short of the efficient level, i.e., 7, < 3%, if and only if the externality from the cross-sectional

dispersion of individual actions is small, that is, if and only if vy, < A(K] — K1, 0 — @*;7,).

3.4 The social value of public information when private information is endoge-

nous

We now turn to the welfare effects of variations in the precision of public information. The key
novelty with respect to previous work in this literature is that the analysis below takes into account
how variations in the precision of public information affect the agents’ incentives to acquire private

information.
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Intuitively, relative to the case where the precision of private information is exogenous, an
increase in the precision of public information, by inducing the agents to cut on their acquisition of
private information, results in a stronger increase in the correlation of the agents’ posteriors and in
a smaller increase (or even a decrease) in the accuracy of their posteriors. Whether the net effect
on welfare is larger than when neglecting the endogeneity of private information in turn depends
on whether the precision of private information acquired in equilibrium is inefficiently low or high,
as highlighted in the next proposition. Let w (7, 7,) denote welfare under the equilibrium use
of information, that is, the ex-ante expected payoff of each agent, net of the cost of information

acquisition, computed under the equilibrium rule k(-; 7, ;).

Proposition 8 The crowding-out effects of public information on private information reduce the
social value of public information if and only if the precision of the private information acquired in
equilibrium is inefficiently low:

dw (frg, ) - ow (7rg, 75)
dm, on,

& Ty < TR

The result follows directly from the fact that, when taking into account the crowding-out effects
of public information on private information, the total change in welfare due to a variation in the
precision of public information is given by

dw (fty,m.)  Ow (g, m.) | Ow (g, m,) O,
dr, - Om, or, O’

along with the fact that dw (g, 7,) /Om, > 0 if and only if 71, < 7%,
The following result is then an immediate implication of the above proposition along with the

results in Corollary 3 and Proposition 7.

Corollary 4 The crowding-out effects of public information on private information reduce the
social value of public information in economies in which k1 < K], a > o, and use < 0 (strictly
when at least one of the inequalities is strict). They increase the social value of public information
in economies in which k1 > Kk}, a < a*, and uye > 0 (strictly when at least one of the inequalities

is strict).

In certain cases, the acquisition of private information is particularly important, because not
only it affects the ‘magnitude’ of the social value of public information, it may also affect its sign.
However, as the next proposition shows, this is never the case in economies in which the precision of
private information acquired in equilibrium is inefficiently low and in which the equilibrium degree

of coordination is not too high relative to the socially-optimal level.

"3The expression dw(#.,7.)/dr. denotes the total derivative of w with respect to ., taking into account that
the equilibrium precision of private information 7, depends on m.. In contrast, Ow(#, 7.)/Om. denotes the partial

derivative of w with respect to 7, holding 7, fixed. Both derivatives are evaluated at m, = 7.
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Proposition 9 Tuoke any economy in which the precision of private information acquired in equilib-
rium is inefficiently low (i.e., Ty < wi*). There exists a critical threshold A > 0 (which depends only
on the payoff structure) such that, irrespective of the equilibrium degree of substitutability between
public and private information (07, /0m,), welfare always increases with the precision of public in-
formation if a — o* < A, i.e., if the discrepancy between the equilibrium and the socially-optimal

degrees of coordination is not too large.

Note that, when o — o* < A, both private and public information can contribute either
positively or negatively to welfare; that is, w (73, 7,)/0n, and Ow(@y, m,)/Om, can be of either
sign. What the bound on the discrepancy o — a* guarantees is that, when agents underinvest in
their collection of private information (i.e., when dw (7, 7,)/0m,; > 0), then public information has
a positive direct effect on welfare (i.e., Ow(7y, 7,)/0m, > 0) that is always strong enough to prevail
over the crowding-out effects of public information on private information.

The following corollary is then an implication of the previous proposition.

Corollary 5 In economies in which a — a* < A, the crowding-out effects of public information on
private information may either increase or decrease the social value of public information. However,
they can never turn the social value of public information negative when it is positive in the absence
of such effects. That is,

ow (Trz, 75)

or,

dw (Trg, 75) ow (Trzy 72) 50 = dw (Trg, 75)

> 0.
o, - dm, -

= - h
= : however,

dm,

The first part of the statement follows directly from the fact that, in these economies, agents
may either overinvest or underinvest in the acquisition of private information. The crowding-
out effects of public information on private information can thus either strengthen or weaken the
direct effect that more precise public information exerts on welfare. The second part follows by
contradiction. Suppose that the direct effect of an increase in the precision of public information
on welfare is positive and yet that the total net effect that one obtains when considering the
crowding-out effects of public information on private information is negative. That is, suppose that

dw (;17';: ) <0< ow (871'7: 7rz).
For this to be possible, it must be that, at the equilibrium level 7, agents underinvest in the
acquisition of private information, i.e., Ow (7;, 7,) /Om,; > 0. However, because o — a* < A | the
result in Proposition 9 implies that dw (7, 7,)/dr, > 0, a contradiction.

The most interesting implication of such crowding-out effects obtains by considering economies
in which 0 < a — o™ < A. It is well known that, when o — a* > 0, the direct effect of more precise
public information on welfare may be negative (i.e., there are situations in which dw(#,, 7,)/0r, <
0). The reason is that the excessive value that the agents assign to aligning their actions with

the actions of others induces them to rely too much on public sources of information and too
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little on private ones. More precise public information, by further increasing the sensitivity of the
equilibrium actions to public sources and further decreasing their sensitivity to private ones, may
thus contribute negatively to welfare (see, among others, Morris and Shin (2002) and Angeletos and
Pavan (2007)). Interestingly, these effects are reinforced when private information is endogenous
for, in this case, an increase in the precision of public information also comes with a reduction in
the precision of private information, which contributes to an even higher sensitivity of equilibrium
actions to public sources relative to private. This notwithstanding, the crowding-out effects that
public information exerts on the acquisition of private information may turn the social value of
public information from negative to positive. The reason is that the precision of private information
acquired in equilibrium may be excessively high. By inducing the agents to cut on their acquisition
of private information, more precise public information thus comes with a benefit that is neglected
in the previous literature. As we show below, this new benefit can be strong enough to turn the
social value of public information positive for the same economies in which it is found to be negative

when neglecting the crowding-out effects on the acquisition of private information.

3.4.1 Beauty Contests

As an illustration of the above results, consider the celebrated beauty-contest model of Morris and

Shin (2002) in which payoffs are given by
u (ki K,o,0) = —(1—7) (ki —0)° =7 (Li = L) = — (1 —7) (ki — 0)> — r (ki — K)* + 1o,

where 7 € (0,1) is a scalar that parametrizes the intensity of the coordination motive, L; =
f[O,I] [k — ki)* dh is the dispersion of other agents’ actions around agent i’s action, and L =
f[O,I] L;di = 20,% is a positive externality that comes from the dispersion of other agents’ actions
around the mean action. As it is by now well understood, these are economies in which the equi-
librium degree of coordination is inefficiently high, i.e., a > «o*, implying that the direct effect of
more precise public information on welfare Ow (7;, 7,) /07, can be negative, as documented in the
literature. As for the effect of more precise private information, the latter is always positive when it
is exogenous. When, instead, the precision of private information is determined endogenously, then
one can show that the precision acquired in equilibrium can be either excessively low or excessively
high, depending on the precision of public information. Formally, there exists a threshold 7, > 0
such that the precision of private information acquired in equilibrium is inefficiently high if and
only if 7, < 77; (see the proof of Proposition 10 below). When this is the case, the crowding-out
effects of public information on private information increase the social value of public information.
In particular, these new effects can be sufficiently strong to completely overturn the partial effect
identified in the literature, making the social value of public information positive under the same
parameter conditions that would have predicted it to be negative ignoring the endogeneity of private

information.
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At a first glance, this result may seem counterintuitive. It is known that, in these economies,
welfare increases with the accuracy m, + m, of the agents’ information while it decreases with its
commonality § = m,/[r, + 7], due to the inefficiently high level of coordination.!* Given that
the endogeneity of private information reduces the positive effects of accuracy and increases the
negative effects of commonality, how is it possible that the crowding-out effects of public information
on private information turn the social value of public information from negative to positive? The
answer lies in the inefficiently high level of private information acquired in equilibrium. By inducing
agents to cut on their collection of private information, an increase in the precision of public
information can boost welfare when the costs saved in the acquisition of private information more
than compensate for the increase in non-fundamental volatility relative to dispersion.

At this point, one may wonder whether the opposite is also true: can the endogeneity of private
information turn the sign of the social value of public information from positive to negative? As
shown in Proposition 8, for this to be possible, it must be that the precision of private information
acquired in equilibrium is inefficiently low, i.e., m, < 7;*. However, because in these economies
the discrepancy between the equilibrium and the socially-optimal degrees of coordination o —
a* is positive but never larger than the critical value A of Proposition (9), the social value of
public information always remains positive when it is positive ignoring the endogeneity of private
information.

We summarize the above observations in the following proposition.

Proposition 10 Consider the class of ‘beauty-contest’ economies described above. The crowding-
out effects of public information on private information may either increase or decrease the social
value of public information. However, while such effects may turn the sign of the social value of

public information from negative to positive, they can never turn it from positive to negative.

4 Monetary Economies with Price-Setting Complementarities

4.1 The economy

We show how the insights from the Gaussian-quadratic model extend to a fully microfounded
model with price rigidities and dispersed information, along the lines of those considered in the
recent literature (see, among others, Hellwig (2005), Adam (2007), Lorenzoni (2010)).

The economy is populated by a (measure-one) continuum of agents, indexed by j € [0, 1]. Each
agent j is both a consumer of all goods and the sole producer of good j, which is produced with

labour as the only input. Denote by N; the agent’s supply of labour and by

v

v—1 v—1
Cj = (/ th” dh)
[0,1]

See Corollary 8 in Angeletos and Pavan (2007).
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the usual Dixit-Stiglitz aggregator of the agent’s consumption of the various goods, with v >
1 parametrizing the elasticity of substitution among the goods, and with c¢j;, denoting the agent’s
consumption of good h € [0,1]. The agent’s preferences (over N; and C; or, equivalently, over N;
and the bundle (cjn)peo,1) of individual goods) take the familiar isoelastic form

1-R

U(Cj,N;) = ;

where R > 0 parametrizes the curvature of the utility function with respect to the consumption
aggregator Cj. Note that, while the above specification assumes a linear disutility of labour, all
the results extend to the case of a strictly convex disutility of labour.'®

Each agent j chooses the bundle (c;n)he0,1) 80 as to maximize her utility subject to the budget

constraint
/ Pycjpdh < P;Yj, (10)
[0,1]

where P}, denotes the price of good h € [0,1] and where Y} denotes the aggregate demand for good
J (P;Y; is thus agent j’s disposable income). Given the aggregate demand Y; for good j, agent j’s

supply of labour is then determined by the technological constraint
1
Y; = 6N/, (11)

where w > 1 parametrizes the return to scale, and © is a log-Normally distributed technology shock
(that is # = In(©) is Normally distributed, with mean zero and variance 7, .
As is standard in the literature, we assume a cash-in-advance constraint, which implies that

the following identity must hold
/ PyYrdh = M,
[0,1]

where M is the aggregate money supply. Note that here we follow Hellwig (2005), Adam (2007), and
Lorenzoni (2010) in assuming that the money supply is fixed.!6 Such a rule appears plausible if the
time horizon is sufficiently short but need not be optimal. Any serious analysis of optimal monetary

policy requires a richer environment, which is beyond the scope of this paper.!” Likewise, we do not

15T see this, suppose that the disutility of labour was equal to NP for B > 1. It then suffices to replace w with

w' = wf in the payoff formula (12) below and then conduct the entire analysis verbatim as in the case where 3 = 1.
Y6 Qur setup is similar to that in those papers, except for the fact that each consumer j is the sole producer of good

j, which simplifies the analysis. Another difference is that Hellwig (2005) assumes that agents are uncertain about a

monetary policy shock whereas here we assume that they are uncertain about a productivity shock.
'"In this environment where the only decisions that must be made under incomplete information are nominal,

there trivially exists a monetary rule that, along with an appropriately chosen production subsidy, implements the
first-best allocation, for any precision of private information 7. Under such a rule — obtained by conditioning money
supply on 6 or, equivalently, on aggregate prices — no agent acquires any information. Assuming that such a rule
is in place is obviously inappropriate in this setting. One way one could accommodate optimal monetary rules
without trivializing the acquisition of private information is by introducing a second decision that must be made

under incomplete information, say an investment decision or an early employment decision.
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consider here optimal fiscal policy. We just notice that, in this economy where private information
is endogenous, fiscal policies that implement the efficient price rule (for example, through state-
contingent subsidies and lump-sum taxes) need not implement the efficient acquisition of private
information (see Appendix B for an example).'®

As in the Gaussian-quadratic model, we assume that all agents share a common prior over
0. Before setting prices, each producer-consumer decides how much private information to acquire
about #. This is modelled as in the Gaussian-quadratic model by assuming that each agent chooses
the precision of her private signal 7, for given precision of public information 7, = 7y + m,. Each
agent j then receives an idiosyncratic and a public signal about 0, x; and y respectively, where the
properties of these signals are as in the Gaussian-quadratic model. Given (z;,y), agent j then sets
a price P; for her product and commits to supply any quantity that will be demanded at this price
by adjusting her labour supply according to the technological constraint (11). As is standard in

the literature, consumption decisions take place once 6 is realized and publicly observed.

4.2 Equilibrium
4.2.1 Price rule

Given the log-Normality of the TFP shock and of the information structure, it is natural to focus
on equilibria in which prices are log-Normally distributed. In the Appendix, we show that in any

such equilibrium each producer-consumer’s payoff can be expressed as follows

1

9 1-R
w(pj, Ds 012),9) = 1-% (exp {—(v —Dpj+(v—2)p—(v—1)(v— 2)% + m}) (12)

2
— exp {—Uij +wv—1)p—w(v— 1)2% +w(m — 9)} ,

where p; = In(P)), p = f[O,l] prdh, op = f[071] (pn — p)? dh, and m = In(M). The expression in (12)
is obtained by combining standard properties of the demand functions in the familiar monopolistic-
competition model with isoelastic preferences and a log-Normal structure of all relevant variables.
Note that the first term in (12) is the utility of consumption while the second term is the disutility
of labour, both expressed in terms of the cross-sectional distribution of the log-prices.

Let E;[-], Var;[-], and Cov;[-, -] denote shortcuts for, respectively, the conditional expectation,

variance, and covariance operators, given the agent’s information (z;,y) and given the quality

"8 These results may appear in contrast to those in Llosa and Venkateswaran (2013) and to those in Angeletos
and La’o (2013). Llosa and Venkateswaran (2013) show that a simple state-contingent subsidy that implements
the efficient price rule also induces the agents to acquire the efficient amount of private information. That result,
however, hinges on the assumption that R = 0, which corresponds to the case where all households are risk neutral.
In a similar vein, Angeletos and La’o (2013) find that policies that correct inefficiencies in the use of information
also correct inefficiencies in the acquisition of information. However, their result hinges on the assumption of perfect

insurance in consumption, in which case the degree of risk aversion is irrelevant.
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of information (ﬂxj,ﬂz). In the symmetric equilibrium in which all producers-consumers acquire
information of quality 7., each consumer-producer j then optimally sets her price p; according to

the following rule (see Appendix B for details on the derivation)!?

o2 (1—a)(R-1)%(v—2)?Var;[p]

pi =Bi[(1 —a)r+ap] — (v - 1) ar - Fr— 5 (13)
-« w?(v —1)*Var,[p w?Var,
R(iw_)l( : 1;V . VQM—w2<v—1>00vj[ﬁ,e1),

where (a) kK = ko + K160 denotes the complete-information equilibrium log-price, with

1 | ) n q w
Ko = n mand K1 = - ———
T RIw_1 v—1 ! R+w-—1’

and where (b
) wv—-1)+(R-1)(v—2)
w+ (v—1)(R—1)

denotes the slope of best responses with respect to the average log-price. In the following, we

a

restrict attention to the interesting case in which a > 0, which requires the parameters of the

model to satisfy?’

R—-1
1,14+ ——,. 14
v>max{, +R+w—1} (14)

Note that the right hand-side of (14) is increasing in the curvature parameter R and approaches
2 as R goes to infinity, which implies a price-to-cost ratio v/(v — 1) lower than 200%. Hence, the
restriction appears plausible even under extreme parameter configurations.

The structure of best responses in (13) highlights certain similarities, but also important dif-
ferences, with the Gaussian-quadratic model. The first term in (13) parallels the structure of best
responses in the Gaussian-quadratic model. The other terms are novel and worth discussing.

First, each agent’s best response (here the log-price) now decreases with the cross-sectional
dispersion of individual prices. This is due to the fact that a higher cross-sectional price dispersion

lowers the Dixit-Stiglitz price index

li'u 2
1-v _ %p

pP= P,""dh =exp|p—(v—1)=—/],
0.1] 2

via the substitution effect in the aggregate consumption bundles (consumers substitute goods with

high prices for those with lower prices). This effect unambiguously contributes to lower individual

prices, due to the complementarity in pricing decisions, as indicated in the second term of (13).
Second, note that a higher volatility in the average price level (formally, a higher Var;[p])

implies higher volatility in individual revenues and hence in individual consumption. This effect

19 As it will become clear from the discussion below, the terms for Var;[p] in (13) are not combined in order to ease

the interpretation of the different addenda of the formula.
20Note that this condition guarantees that the numerator of « is positive. That the denominator is also positive

follows from the fact that vw + (v —1)(R—1) =vw+1—v+ R(v—1) > 0, given that v,w > 1. Also note that a < 1.
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unambiguously contributes to a higher expected marginal utility of consumption, which in turn
induces the producer to lower her price, as reflected in the third term of (13).

Third, note that a higher volatility of the aggregate price level, by contributing to a higher
volatility of the producer’s own sales, induces a higher marginal disutility of labour. This effect
induces the producer to raise her own price in order to cut on production and hence reduce individual
labour supply. This effect is stronger the more convex the marginal productivity of labour (see (50)
in Appendix B). Similarly, a higher volatility in the fundamental (equivalently, in the productivity
of labour) induces a higher marginal disutility of labour, which again calls for a higher price (see
again Condition (50) in Appendix B). Finally, a positive covariance between the average price and
the productivity shock mitigates the former two effects, by reducing their impact on the producer’s
marginal disutility of labour, which induces the producer to expand production by lowering her
price. Combined, these last three effects give rise to the fourth term in (13).

Because the agents’ expectations of both the fundamental shock 6 and of the common noise
shock ¢ in their information are linear in their signals, it is natural to conjecture a linear symmetric

equilibrium in which each producer-consumer sets her price according to the linear rule
pj = p(xj, 2,73, T2) = Ao + Aizj + A2z, (15)

where z = E[f|y]. In Appendix B, we verify that such an equilibrium exists, is unique (within the
family of equilibria in which prices are log-linear), and is such that the sensitivity of the price rule

to private and public information is given by
)\1 = Hl(l — ”y) and )\2 = K17,

where
Tz

T+ (1—a)m,

Interestingly, note that these are exactly the same formulas as in the Gaussian-quadratic model

v =(7g, ) =

(recall the characterization in (6)). The key difference with respect to the Gaussian-quadratic model
is the fixed term Ag, which represents the ex-ante unconditional expectation of each household’s

equilibrium price (that is, \g = E[p] = E[p]) and which is equal to

B wlwr2—= (-1 +1-R)(v—1)[R(v—1)—1] /A2
Ao = ko + 2(R+w—1) (?i) (16)
Ww(1+M)P2-1-R?*X /1
2R+w—1) (F) ‘

The first term in (16) coincides with the one in the Gaussian-quadratic model. The other terms
reflect the novel effects discussed above in connection to the structure of the individual best re-
sponses (13). They combine the direct effects of price dispersion on the ex-ante average price with
the effects of the precision of public and private information on the agent’s ability to estimate

(a) the volatility of the aggregate price level p, (b) the volatility of the productivity shock 6, and
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(c) the covariance between p and 6. As explained above, such estimates, along with the expected
cross-sectional price dispersion, translate into the expected marginal utility of consumption and the
expected marginal disutility of labour that, combined, determine the ex-ante level of each agent’s
equilibrium price.

Finally, note that \?/m, = o2 coincides with the cross-sectional dispersion of prices under the

P
equilibrium rule. One can then interpret the term

OE[p]  wlwr?—(v—1)+1=R)(v—1)[R(v—1)—1]
2 2(R+w—1)

503 (17)

in (16) as the net impact of price-dispersion on ex-ante expected prices. As explained above, such
net impact combines the direct effect of price dispersion on best responses with the various indirect
effects via the agents’ ability to forecast p and 6. As we show below, this effect plays an important
role in determining the direction in which the economy fails to acquire the efficient amount of

private information.

4.2.2 Information acquisition

We turn to the acquisition of private information. As in the Gaussian-quadratic model, the (gross)
marginal private benefit of more precise private information can be computed using the envelope
theorem. In the symmetric equilibrium, this marginal benefit coincides with the marginal effect of
a higher precision 7, on each agent’s ex-ante payoff, holding fixed the agents’ equilibrium pricing
rule, as given by (15). As we show in Appendix B, the equilibrium private benefit of more precise
private information can then be shown to be equal to

Ukk WVarlp—p | p(; 7, T2), Ty, T2
2 Oy ’

(18)

where (a)
&u(p,p, o2, 0)

op? | p(-3 e, 72), Mgy 2| <0

Uk = Uk (Tp, ) = B

denotes the average curvature of individual payoffs around own prices, when all agents follow the
linear rule p(-; 74, 7,) given by (15), and (b) %Var[p—ﬁ | p(+; 7z, 72), Tz, T2] denotes the marginal
reduction in the dispersion of individual prices around the mean price that obtains when one changes
the precision of private information, holding fixed the equilibrium price rule p(-; 7, 7).
Interestingly, note that the equilibrium benefit of more accurate private information is the same
as in the Gaussian-quadratic model, except for the fact that the curvature of each agent’s payoff
around her own action (here the log-price p) is not constant and hence must be computed under
the equilibrium price rule. Naturally, the curvature of the agent’s expected payoff around her own
price also depends on the quality of the agent’s information. Apart from this change, the private
benefit of more precise private information continues to be given by the marginal reduction in the

dispersion of the agent’s action around the mean action (holding fixed the equilibrium rule), scaled
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by the importance that the individual assigns to such a reduction, which continues to be given
by the expected curvature of the individual’s payoff around her own action, evaluated under the
equilibrium rule.

We conclude that all key positive properties of the Gaussian-quadratic model extend to this
fully microfounded application. In particular, given that the dispersion of individual prices around
the mean price continues to be given by x2(1 — v)?/7m2, we have that the precision of private

information acquired in equilibrium continues to be given by

i \/|ukk<frm,wz>m%_ ™ 19)

2C" (7y) l-«

which is exactly the same expression as in Proposition 2 in the Gaussian-quadratic model, except

for the dependence of ug, on 7, and 7.

4.3 Efficiency
4.3.1 Price Rule

The notion of efficiency we consider here is the same as in the Gaussian-quadratic model and
coincides with the notion of decentralized efficiency favored in the literature. We look for a pric-
ing strategy that, when adopted by all producers-consumers, maximizes the ex-ante utility of a

representative household.?! More precisely, we are interested in a linear rule
p=p"(x, 2,70, 7)) =Nj+ Az + N2 (20)

that maximizes the ex-ante expectation of u(p, p, Ug, 0). Restricting attention to linear rules is jus-
tified by two considerations. First, as shown above, the equilibrium rules are linear. Comparing the
equilibrium rule with the linear rule that maximizes welfare thus permits us to identify primitive
conditions that are responsible for inefficiencies in the acquisition of private information. Second,
because the fundamental shocks and the agents’ information are log-Normally distributed, we con-
jecture (but did not prove) that the price rule that maximizes welfare among all possible rules is

indeed linear.

As we show in Appendix B, the efficient rule is given by

AL =r1(1=77), Ay =K1Y

2! Note that society could do even better by committing not to set prices until the productivity shock 6 is realized,
thus replicating the complete-information allocation. This alternative notion of efficiency is clearly inappropriate to
identify the sources of inefficiency in the collection of private information that emerge when prices have to be set

under dispersed information.
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and

wlwv? — (v —1)? — v — v—1)— 12
S LR E L EY TS TOES RL T S
W1+ M) —(1-R)?*N2 (1
2(R+w—1) (E)

where k* = k{j + k76 is the complete-information welfare-maximizing allocation (differing from the

first-best allocation only by the usual monopolistic-competition mark-up) with

K] =K and Kk = n(w) +m
1 ! R+w-—-1 O R+w-1 ’
and where
* = () =
= Ty, Ty) =
’7 ﬂy Ty "z 7TZ+<1—C¥*)7TQ;’
with

—1_ R+w-1
N v(vw+1—v) + R(v —1)%’

The parameter o continues to represent the slope of the best responses of individual prices
to aggregate prices that makes the price rule efficient, as in the Gaussian-quadratic model (see
Condition (70) in Appendix B). In the Appendix, we also show that a* > « when a > 0. This
reflects the fact that a price setter expecting her competitors to raise their prices in response to,
say, a drop in productivity has an incentive to raise her own price less than her competitors so
as to gain market share. Such a motive is obviously not warranted from a social stand-point.??
That o < o in turn implies that the sensitivity of the equilibrium price rule to public information
is inefficiently low, while its sensitivity to private information is inefficiently high, suggesting the
possibility that the precision of private information acquired in equilibrium is inefficiently high, a
possibility that we discuss in the next subsection. Importantly, note that the inefficiency of the
equilibrium price rule comes not only from the fact that the sensitivities to private and public
information differ from the socially optimal levels, but also from the fact that the ex-ante average
price E [p] = E [p] = Ag differs from the socially optimal one, A\jj, both because o # a* and because

the average price under complete information, kg, differs from the welfare-maximizing level k.

4.3.2 Information Acquisition

We now use the above characterization to derive the precision of private information 7 that
maximizes welfare when the planner can control the way in which the producers set their prices
(that is, when he can control the agents’ use of information).

Paralleling the analysis in the Gaussian-quadratic model, and using the fact that prices are

log-Normally distributed under the efficient rule, we show in Appendix B that the social benefit of

22That, in these economies, a* > « is consistent with what noticed, for example, in Hellwig (2005).
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more precise private information under the efficient rule is given by

u;;k: + u:o 0

2 8_7Txvar[p _ﬁ | p*('Qﬂxﬂrz)ﬂrmaﬂz]; <22)
where
82'U/(p,ﬁ, 0279)
ult:k = ul);k(ﬂ-ﬂwﬂ-z) =[E [8—29210 | p* (557, T2), Ty 2 | <O

continues to denote the average curvature of a representative household’s utility around her own

price, and where

*
oo

du(p, p, oy, 0)

=u) (7mp, 7)) = 2E 952
[z

u

’ p*(‘;ﬂ_maﬂ_z)7ﬂ-$7ﬂ-2’] > O

denotes the average externality from the dispersion of prices in the cross section of the population,
under the efficient price rule p*(+; 7, 7.), as given by (20).2% To understand why w%, is positive,
note that, because of the Dixit-Stiglitz substitution effect, consumers respond to a higher price
dispersion by increasing their expenditure on the cheapest goods. An increase in price dispersion
thus has three effects on each agent’s payoff. First, it reduces, on average, the agent’s sales and
hence her labour supply. This effects contributes positively to the agent’s payoff. Second, by
reducing sales, it lowers income, which contributes negatively to the agent’s payoff. Finally, for
given income, an increase in price dispersion increases the agent’s ability to procure goods at low
prices, which contributes positively to payoffs. As we show in the Appendix, the total effect is

always positive, thus making payoffs increase with price dispersion.

The above result about the (gross) marginal social value of more precise private information
parallels the one in the Gaussian-quadratic model. When all agents follow the efficient price rule,
the social benefit of more precise private information is simply the marginal reduction in the cross-
sectional dispersion of prices around the mean price that obtains by holding fixed the price rule
(20) by usual envelope arguments, scaled by the social benefit of such a reduction. As in the
Gaussian-quadratic model, the social benefit of a lower cross-sectional price dispersion combines
the private benefit (given by the expected curvature uj, of individual payoffs around own prices)
with the expected external effect «}  that price dispersion exerts on individual payoffs. Contrary
to the Gaussian-quadratic model, however, and in analogy with what was discussed above for the
equilibrium, both u}, and u},, must be computed by averaging across states, and are thus a function

of the quality of information.

23 Note that the reason why we scale the average externality from the cross-sectional dispersion of prices by 2 is
to facilitate the comparison with the Gaussian-quadratic model. There we assumed that payoffs depend linearly on
o;% with coefficient e /2 and then denoted by use the second derivative of u with respect to the standard deviation

o) = +/o2. This is equivalent to saying that the derivative of u with respect to o7 is equal to Uge /2.
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4.4 Inefficiency of the Equilibrium Acquisition of Information

One can use the above results to compare the precision of information acquired in equilibrium, 7,
with the precision 7 that maximizes welfare when the planner can control the price rule. Using (18)
and (22), we have that the precision of private information acquired in equilibrium is inefficiently

low if and only if

wrk(Fo )| [ m(l—a) )? < Ui (o, =) + g (o, m2)| ([ K1(1 = %) ? (23)
2 T+ (1 — a)fy 2 T+ (1 —a®)i, )

Note that (23) is the analog of Condition (5) in Proposition 5 in the Gaussian-quadratic model.
The above condition can be related to the primitives of the model. However, we do not pursue
this here for brevity.?* Instead, we show that, as in the Gaussian-quadratic model, one can also
use the above results to address the question of whether the planner would like the agents to
acquire more or less precise private information when she is unable to change the price rule used
in equilibrium (note that this is akin to the analysis in Subsection 3.3.2 in the Gaussian-quadratic
model). In other words, the above results also permit us to examine how welfare, under the

equilibrium price rule, changes with the precision of private information. To this purpose, let

au(p7ﬁ7 0-12)70)

0
op <

UK = UK(T":L”TFZ) =E | p(';ﬂxaﬂ'z)vﬂxvﬂ'z

and
du(p, p, oy, 0)

Uoo = uaa(”:c; 772) =2E [ 80%

| p(';ﬂmaﬂz)yﬂ_x77rz] > 0.

Note that ux and us, represent, respectively, the marginal effect on payoffs of a higher average
price and of a higher cross-sectional price dispersion, when all agents set prices according to the
equilibrium rule p(-; 7y, 7,), as given in (15). That ug is negative reflects the fact that higher
ex-ante prices contribute negatively to welfare by depressing consumption. That u,, is positive
follows from arguments similar to those discussed above for v} in the case of the efficient price
rule.

As we show in Appendix B, the (gross) marginal social benefit of inducing the agents to acquire

more precise private information is equal to

(s e, B0 (00 28

2 K do2 2
Ukk + Uoo aE[ﬁ] H%(a* — a) 87
2
* ( 2 TuK 80% T+ (1 —a)m, |Omy |’

where ugk, Ugo, UK, 7Y, and 0y/0m, are all functions of (7, 7), as in the definitions above.

24We find it more interesting to relate the primitive parameters of the model to the inefficiency in the equilibrium
acquisition of private information in the case in which the planner is unable to induce the agents to follow the efficient

price rule — this is what we do in Proposition 11 below.
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The result in (24) highlights certain similarities with Condition (8) in the Gaussian-quadratic
model, but also a few interesting differences (recall that x; = k7 in this application). As in
the Gaussian-quadratic model, the first line in (24) captures the effects on expected payoffs of a
reduction in the cross-sectional price dispersion that obtains as a result of a higher precision of
private information, holding fixed the sensitivity of the equilibrium prices to private and public
information. The new effect, relative to the Gaussian-quadratic model, is captured by the term

OE[p]

UK .
do2

(25)

To understand this term note that, holding fixed the sensitivity of the equilibrium price rule to
private and public information, a variation in the precision of private information, by triggering a
variation in price dispersion, also triggers a variation in the ex-ante expected price, which is given
by Ag (see Condition (16) above and observe that 0]2) = k3(1 — ¥)?/m;). The marginal impact of
such a variation on payoffs is then given by the term in (25).

The second line in (24) captures the net effect of inducing a variation in the relative sensitivity
of the equilibrium price rule to private and public information, as captured by . As in the Gaussian-
quadratic model, the value of changing such a sensitivity comes from a discrepancy between the
equilibrium degree of coordination, «, and the socially-optimal degree of coordination, a*. The
key novelty relative to the Gaussian-quadratic model is the fact that a variation in the relative
sensitivity of prices to private and public information, by triggering a variation in price dispersion,
now also triggers a variation in the ex-ante expected prices. The impact of this novel effect on
welfare is once again captured by the new term uxdE[p]/d0?.

One way to appreciate how these new effects ultimately affect the weights that the planner
assigns to variations in (a) the cross-sectional dispersion of individual prices, (b) the volatility of
the average prices, and (c) the ex-ante level of the average prices is by looking at the problem from
a different angle. As we show in Appendix B, the (gross) marginal social benefit of more precise

private information can also be expressed as follows

v
Oy

* * 2 * * *
|ukk+uaa’ (FL% (1 _7) ) |ukk +uaa’ H% (a_a ) (26)

2v—=1)(1 - «) 72 w-11-a)m,+(1—-a)r,

where uy, , u};, v, and 0v/0m, are all functions of (7, 7.), as in the definitions above. Note that
this expression closely parallels (8) in the Gaussian-quadratic model (recall that here k1 = k}),
except for one important qualification. The weight that the planner assigns to a reduction in the
cross-sectional price dispersion is here equal to the weight she would have assigned had she been
able to dictate the price rule (uy,+u},), adjusted by the term 1/ ((v — 1)(1 — «)). This adjustment,
which is unnecessary in the Gaussian-quadratic model, is what permits the planner to take into
account that variations in the cross-sectional price dispersion under the equilibrium price rule also

impact the ex-ante level of the average prices, as discussed above.
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The results in (24), or equivalently in (26), can in turn be used to identify primitive conditions
under which the precision of private information acquired in equilibrium is inefficiently high or low.

We discuss some of these implications in the result below.

Proposition 11 Suppose that the planner cannot change the way the agents set their prices in

1 1 ww(l+v(w-1))
§+\/Z+ (1}—1)2 > 1. (27)

equilibrium. Let

R*

When utility is sufficiently concave in consumption, that is, when R > R*, irrespective of the cost of
information acquisition, the economy always overinvests in the acquisition of private information
(meaning that ex-ante welfare would be higher if the agents were to acquire less precise private
information). When, instead, R < R*, whether the economy over- or underinvests in the acquisition

of private information depends on the cost of information acquisition.

To gain some intuition for why the direction of the inefficiency in the acquisition of private
information depends on the curvature of the utility function over consumption, consider the net
marginal social benefit of having the agents acquire more precise private information, evaluated

at the equilibrium level #,. Using (24) and the fact that the equilibrium precision of private

up ( Ki(1—7)?
5 72

information satisfies
) = C'(#z),

with ugr = ugk (7, 7,) and v = v(7z, 7,), we have that the net marginal social benefit, evaluated

at m, = 7, is given by

toe (LR | 25 () 8)

2 72 02 72
OE[p 2(a* — 0
+92 Ukk + Uso T ug [s] H1(04 O‘)A Y
2 002 ) m 4+ (1 —a)f, |Ony

where ugk, Uge, g, v and 07v/0m, are all evaluated at (7, 7,).

The economy thus underinvests in the acquisition of private information when the expression
in (28) is positive, and overinvests when this expression is negative.

Now recall that this economy features an excessively low degree of coordination, that is o < a*.
As a result, under the equilibrium rule, prices respond too little to public information and too
much to private information, relative to what is efficient. An increase in the precision of private
information, by further increasing the sensitivity of equilibrium prices to private information relative
to public may thus contribute to a welfare loss. This effect, which is captured by the second line
in (28), is not internalized in equilibrium and contributes unambiguously to overinvestment in the

acquisition of private information.2?

2 Note that a higher price dispersion 012, has three effects on welfare, captured by the three terms in the rounded
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Next, consider the first term in (28). This term captures the fact that, for given price rule, an
increase in the precision of private information leads to a reduction in price dispersion, as captured
by the term — [/43%(1 — 7)2] /#2. This effect contributes to a welfare loss, given that in this economy
a higher price dispersion has a positive direct effect on welfare, as captured by the term u,, > 0. As
a result, the first term in (28) is also negative and thus contributes to overinvestment in information
acquisition, irrespective of the curvature of individual payoffs in consumption.

The only term in (28) whose sign depends on R is thus

o5l (A0 29

UK
80%

in the first line of (28). As discussed above, this term captures the effects on welfare of a variation
in the average price level, triggered by a variation in price dispersion. Recall that the term ug is
always negative, reflecting the fact that higher ex-ante prices contribute negatively to consumption.
On the other hand, the sign of OE[p]/ 8012) depends on R. To see this, consider each agent’s incentives
to lower her own price in response to a reduction in price dispersion. When prices are less disperse,
a reduction in the agent’s own price translates into a stronger boost in sales, relative to the case
where price dispersion is high. In turn, this means a stronger increase in both consumption and
expected labour supply. When R is high, the marginal utility from increasing consumption is small
relative to the extra disutility of labour, thus inducing the agent to raise her price in response to
a reduction in price dispersion. As all agents do the same, a reduction in price dispersion then
leads to an increase in the average price, contributing negatively to welfare. In this case, this effect
reinforces the other two effects discussed above and the economy unambiguously overinvests in
information acquisition.

In contrast, when R is small, ex-ante prices may actually decline with a reduction in price
dispersion, reflecting the incentives that each individual has in cutting her own price when expect-
ing a high marginal utility of consumption relative to the marginal disutility of labour. In this
case, whether the economy over- or underinvests in information acquisition then depends on how
strong this last effect is relative to the other two effects discussed above, which in turn depends
on the amount of private information acquired in equilibrium and hence on the cost of information
acquisition.

Also note that the critical value R* for the curvature of the utility function above which the

economy always overinvests in information acquisition is decreasing in v and increasing in w. To

bracket in the second line of (28). First, there is an unambiguously negative effect via the term wugy, reflecting the
fact that each household, when acting in the role of a producer, suffers from the dispersion of her own price around
the average price. Second, there is a positive direct effect via the term wu,», reflecting the fact that each household,
when acting as a consumer, benefits from the dispersion of prices in the cross-section of the population. Third, there
is the effect of price dispersion on the ex-ante level of the average price, as captured by the term uKaE[ﬁ]/aaf,. As
explained below, this term can be of either sign, depending on the curvature R of utility in consumption. As we show

in the Appendix (Condition (78)), the sum of these three terms is, however, always negative, irrespective of R.
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understand these comparative statics, recall that a higher v implies a higher substitutability across
goods. This reinforces the effect of price dispersion on the ex-ante level of the average prices
discussed above. In fact, a higher substitutability across goods implies a sharper increase in sales
in response to a reduction in prices. For each agent to find it optimal to cut her own price in
response to a reduction in price dispersion it then becomes essential that marginal utility drops less
fast with consumption than in the case where sales are less sensitive to price cuts. The threshold
R* for the curvature of individual payoffs above which agents always overinvest in information
acquisition thus naturally decreases with the substitutability parameter v.

Next, consider an increase in w and recall that a higher w means lower returns-to-scale in
production. An increase in w thus implies a higher value of information, since lower returns-
to-scale imply that the amount of labour that each agent has to supply to compensate for low
productivity becomes more significant. This enhances the value that each agent assigns to learning
0. Importantly, the higher value that the individual assigns to her private information is shared by
the planner, implying that the instances in which the economy overinvests in information acquisition
become more rare. As a result, the threshold R* above which the economy overinvests in information
acquisition naturally increases with w.

Finally, to illustrate the possibility of underivestment in information acquisition, consider an
economy in which the elasticity of substitution across goods is v = 3, a value that implies a realistic
price-to-cost ratio of 150%. Further recall that — as highlighted in Section (4.1) — our economy
is isomorphic to one in which the marginal disutility of labour is increasing, and assume that the
production technology exhibits constant returns to scale (a benchmark consistent, for example,
with the estimates in Basu et al. (1997)). Lastly, assume a Frisch elasticity of 0.5, which is
consistent with most estimates (see, e.g., Chetty et al. (2011)). Now recall that, in this economy,
the parameter w corresponds to the product of (a) the parameter for the return-to-scale technology
and (b) the inverse of the Frisch elasticity of labour supply (see footnote 14).

Replacing v = 3 and w = 2 into the formula for R* in Condition (27), we obtain a critical value
R* = 3. The result in the proposition then implies that, no matter the cost of information acquisi-
tion, the economy overinvests in information acquisition if R > 3, a value that appears consistent,
for example, with the estimate in Hall (1988). If, instead R < 3, as some more recent estimates
seem to indicate®®, then the result in the proposition indicates that whether this economy under-
invests or overinvests in information acquisition depends on the costs of information acquisition.
However, using Condition (82) in Appendix B, one can verify that, for the same values of w and
v considered above and for values of R for example equal to zero or to one, for the economy to

underinvest in the information acquisition, the marginal cost of acquiring private information must

*60For example, Gourinchas and Parker (2002) find values of R that vary from 0.3 to 2.3 depending on educational
background, whereas Vissing-Jorgensen (2002) finds values of R that range from 2.5 to 3.3 for stockholders and close
to 1 for bondholders. Other papers such as Bansal and Yaron (2004), Guvenen (2006) and Barro (2009) suggest that

the intertemporal elasticity of substitution is greater than one, which corresponds to R < 1 in our model.
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be so low that the equilibrium precision of private information is 7-10 times higher than that of
public information, which seems unreasonable. Clearly, we are not suggesting that one should feel
comfortable using the above specification for serious quantitative analysis. We leave it to future

work to further enrich the environment to arrive to satisfactory quantitative results.

5 Concluding remarks

We investigate the sources of inefficiency in the acquisition of private information and relate them to
the sources of inefficiency in the equilibrium use of information. We then use such a characterization
to show how the social value of public information is affected by the endogenous response in the
acquisition of private information.

The analysis is conducted within the family of Gaussian-quadratic economies extensively stud-
ied in the literature. Many of the insights from the Gaussian-quadratic model appear to help also
outside such a model, as suggested by the fully microfounded business cycle application considered
in the second part of the paper.

In future work, it would be interesting to extend the analysis to richer information structures,
such as those recently considered in the rational inattention literature, as well as those studied in
Myatt and Wallace (2012), in which the ‘publicity’ of any given source of information is determined
endogenously by the attention allocated by the agents.

It would also be interesting to extend the analysis to other microfounded applications, such as
the business-cycle specifications recently examined in Angeletos, Iovino and La’O (2011), and in
Paciello and Wiederholt (2013), as well as the economies with information spillovers between real

and financial activity examined in Angeletos, Lorenzoni, and Pavan (2011).
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Appendix A: Proofs for the (Gaussian-Quadratic Model

Proof of Proposition 1. Let U;(7,; 7, ) denote agent i’s ex-ante expected payoff when she acquires

information of precision 7, while any other agent acquires information of precision 7,. Note that,

to ease the exposition, hereafter we are suppressing the dependence of U; on the precision of public

information 7., when there is no risk of confusion. Because (i) the agent expects her information

to be used optimally once acquired and (ii) because the equilibrium use of information when all
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agents acquire information of precision 7, consists in all agents following the unique rule k(-; 7z, 75)
that solves the functional equation (1), we have that the marginal benefit of more precise private
information evaluated at 7, = 7, is simply the direct effect that more precise private information
has on the agent’s ex-ante expected payoff, holding fixed the rule k(-; 75, 7,) by usual envelope
reasoning.

Next observe that, when all agents (including agent ) follow the rule k(-;7,,7,), agent 4’s

ex-ante expected payoff when she acquires information of precision 7, is given by
. u
Us(me; 7a) = Blu(K, K, o3, 0)] + = Varlk; = K | mp,m] — C(ms), (30)

where the first term in the right-hand side of (30) is the ex-ante expectation of the payoff that the
agent would obtain if her action coincided with the average action in each state, while the second
term is the ex-ante dispersion of the agent’s action around the mean action.

Now note that, when all agents follow the unique strategy k(-; 7, 7,) that solves the functional
equation (1) then both K and oy depend only on (6,y) and E[u(K, K, oy, 0)] is independent of the

choice of ;. The result then follows from the above observations. Q.E.D.

Proof of Proposition 2. The result follows from observing that, for any (7., 7,), the unique

strategy k(-; 7z, m,) that solves the functional equation (1) is the linear strategy

T + (T, — Tra)y>

Tz

k(xvy;ﬂ-xaﬂ'z) = Ko + K1 (1 —’y)x—i— K17 <

where
T

T+ (1 —a)m,

Fixing the precision of private information at the equilibrium level 7, = 7., holding the rule

vy = (T, ) = (31)

k(+; 7y, ) fixed (which also means holding + fixed), and noting that k — K = k1(1 — )¢, we then
have that 5 2(1 )
%Var[k: — K | k(- 7g, ), gy 72| = _rad =)

with v = v(@,, 7). In the unique symmetric equilibrium, each agent equates the marginal benefit

72 ’
of more precise private information to its marginal cost. Combining the result in Proposition 1

with the characterization above, we then have that, in any symmetric equilibrium, the precision of

private information acquired in equilibrium must satisfy the first-order condition

wpr| K2(1 — ~)? R

with v = (73, 7»). Substituting (31) into (32) we arrive at the formula in the proposition. Finally,

that the symmetric equilibrium is unique follows from the convexity of the cost function. Q.E.D.

Proof of Propositions 3 and 4. From Angeletos and Pavan (2007), we know that, for

any given precision of private and public information (7, 7,), efficiency in the use of information
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requires that all agents follow the linear rule

+ z
b o) = w6+ 7 (1= 07 ) iy (T, (33)
where
T () = (34)
V= Tz, T2 _7TZ+(1_05*)7Tx
and

Ugk + 2UupK + UK K
Ukk + Uoo

a*=1

We also know that, for any given precisions (7, 7,), welfare under the efficient rule k*(-; 7y, 7,) is
given by
w*(7z, 7y) = Blu(k*, k*,0,0)] — L (g, m,) — C(72),

where u(k*, k*,0,60) denotes welfare under the first-best allocation and where

2
L (7p, ) = ke + UI;K +UKK’Va7“[K — K| K (7, ), T, T
’uk:k +ucra"

2

+ VCL’I“[]{I - K | k*(';ﬂx,ﬂ'z),ﬂ'x,ﬂ'z]

are the welfare losses due to incomplete information. The two terms Var[K—«x* | k*(-; 7y, 72), T, 2]
and Varlk — K | k*(-;mg, m2), 7z, 7] denote, respectively, the ex-ante dispersion of the aggregate
action around the first-best allocation and the ex-ante dispersion of individual actions in the cross-
section of the population. Both dispersions are computed under the efficient rule k*(+; 7, 7).

Now note that, holding fixed the rule k*(-; 75, 7,), the ex-ante dispersion of the aggregate action
around the first-best allocation is independent of 7. Envelope arguments similar to those used
in the proof of Proposition 1 then permit us to establish that the social marginal benefit of more
precise private information under the efficient rule k*(-; 75, 7,) is given by (4) in Proposition 3.

Next, use (33) to verify that

AP —y)?

0 x
G Varlk— K | (e, m) mpm] = =S .

where v* = ~*(mz, 7,) is given by (34). The result in Proposition 4 then follows from replacing
v* = v*(7z, ;) into (35) and equating the marginal cost of private information to its social marginal
benefit. The uniqueness of 7% follows from the quasi-concavity of the welfare function w*(m,, )
in m,. Q.E.D.

Proof of Proposition 5. The result follows from comparing the (gross) marginal private

benefit of more precise private information, evaluated at the equilibrium level 7, as given by

|ukk | "5%(1 _’Y(ﬁ"ﬁz))Q _ |ukk| < k1(l —a) >2
Tz

2 72 2 \m+(1-«o
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with the (gross) marginal social benefit, evaluated at the same equilibrium level 7, = 7, as given
by

|ukk + uaa’ HTQ<1 — 7*(7%7712’))2 _ ‘ukk + u00| KT(l - a*) 2
Q.ED.

Proof of Proposition 6. From Angeletos and Pavan (2007), we know that welfare under the

equilibrium use of information is given by
w(mg, ) = Blu(k, k,0,0)] — L(73,72) — C(7g),

where E[u(k, &, 0,0)] is expected welfare under the complete-information equilibrium allocation x

and where
Clmpm) = lukk + 2ukk + uk k| K392 N |ukk + Uoo| KE(1 —7)?
mrE T 2 Ty 2 g
* 2
T g+ 2+ e <_> (_7)
K1 Tz

are the welfare losses due to the incompleteness of information, with v = v(m,, 7,) given by (31).
The first two terms in £(m,, 7,) are the analogs of the two terms in L*(mg,7,) in the proof of
Propositions 3 and 4: they represent, respectively, the welfare losses due to the dispersion Var[K —x
| k(-3 7y, m,), Tz, 2] Of the aggregate activity around its complete-information counterpart and the
welfare losses due to the cross-sectional dispersion Varlk — K | k(-; 7y, m2), 7z, 7] of individual
actions (note that both dispersions are computed under the equilibrium rule k(-; 7., 7,)). The last
term is a first-order effect that is present only in economies that are inefficient under complete
information (i.e., for which k # x*). This term captures how the ‘error’ K — k in aggregate activity
due to incomplete information covaries with the inefficiency k — k* of the complete-information
equilibrium allocation.

Using the above results, we then have that the (gross) marginal social benefit of an increase in

the precision of private information is given by

Uk + Uoo| ’f%(l - 7)2

(36)
2 2

2 2

Ky O Ky O
— | urk 4 2urk +uKK|_187 + (1 =) urk +uag|—187

T, OTy Ty Oy

K¥— K1\ K2 O
_|ukk+2ukK+uKK|< L )—1 i

K1 T, Oy

where v = y(m,, ;) is given by (31).
Substituting |ugk + 2urkx + uk k| = (1 — o*)|ukk + Uee|, We can rewrite the sum of the second
and third addendum of (36) as

[1 -7 (-a')y

Oy
— } |ukr + uw\ﬂ%

o,

(37)

T Tz

41



Using the fact that (1 —~*)/m, = (1 — o*)y* /7., we then have that (37) is equivalent to
(1—a%)

z

kel
oy

. 1
07 =) |2+ = s+t (39)
Replacing the second and third term in (36) with (38) and using the definitions of v = (7, ;)
and v* = y*(m, 7,) in (31) and (34), respectively, we then arrive at (8). Q.E.D.

Proof of Proposition 9. Replacing the formula for v = (7, 7,) into the formula for the
the (gross) marginal social benefit of more precise private information (8) and using the fact that
the marginal cost of more precise private information at the equilibrium level 7, is
_ wkl 52— (o, m2))? Juk| K31 — @)

2 U 2 [m+(1—-a),

Cl(ﬁ'x) ]2
we have that the net effect of an increase in 7, on equilibrium welfare, evaluated at the equilibrium

level 7., is given by (the derivation in (39) uses the formula for v = (7, 7,)):

ow(fre, m,) <|Ukk + Ugo| !ukk|> Ki(l—a)’
omy 2 2 ) [+ (1 —a)r)?
[ugk + Ugo| K3 (a0 — a*) (1 — @),
[ + (1= O‘)Ax]g
n |ukk + 2ur + uKK|/<e%(1 — Oz) <f€’{ — Ii1> '
[+ (1 - O‘)ﬁrf

(39)

K1

Likewise, after some algebra, and using the fact that |ugr + 2upx + urr| = (1 — a®)|ukk + too|, we
have that the direct effect of an increase in the precision of public information 7, on equilibrium

welfare is given by

aw(ﬁma 7rz) _ ’ukk + 2upk + UKK‘ "ﬁa (40)
or, 2 [ﬂ'z + (1 - a) 7%30]2
-t (0 -0t (- o) s
z X
 Jukk + 2ugk + ukk| (K — k1)?
2 [+ (1 — a) 7]

Combining (39) with (40) and using the result in Corollary 1 that 07, /0r, > —1/(1 — «), we have
that, when Ow (7ry, 7,) /Omy > 0,

dw (Tz,m.)  Ow(fig,m.) | Ow(fz,m.) 0Ty

dm, on, Ory on,,
S ow (g, m2)  Ow (fg,mz) 1
- on. Oy l1-«
_ i * 1
= 5 [7T,z n (1 — a) 7}33]2 [—[urk + Uoo| (@ — ™) + |ugk| (1 — a)]
K3 | [ugk + 2up + UK K|

= 5 | — (Jurk + voo| + |ugk]) (@ — ™) + [ups

)

’ukk: + uaa"
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which is always positive for

|ukk + 2urk + Uk K| - [urk

a—af<A= .
[ukk + Uoo| - (|Ukk + Uoo| + |ukk|)
Q.ED.
Proof of Proposition 10. This payoff specification is nested in our model with ug, = —2,
upg = 2r, ugx = —2r, ugg = 2(1 —r), ugp = 0, use = 2r. It follows that o = wpg/|urk| =
T, k1 = —ukg/ (ukk +ukx) = K7 = — (uke + ure) / (upk + 2urk +ugk) = 1, and of = 1 —

(ugk + 2upr +uKk) / (Ukk + Uoe) = 0.
Using (39), we then have that the net effect on welfare of an increase in the precision of private
information, evaluated at the equilibrium level, is given by
Ow(Fz,yms) (1 —1)2r[my — (1 —7) 7y

or.  mA-naf )

As one can easily see from (41), the precision of private information acquired in equilibrium can
be either inefficiently low or inefficiently high, depending on the precision of public information 7.
Formally, there exists a threshold 7/, > 0 such that dw(#,,7.)/dn, < 0 if and only if 7, < 7.2

Next, use (40) to see that the direct effect on welfare of an increase in the precision of public

information is given by

ow(fg,m,)  (1—7) [, — (2r — 1) (1 — r) 7]
or. [ 4+ (1 —7) 7 ’ (42)

which is positive if and only if
m, > (2r — 1)(1 — r)7y, (43)

as shown in Morris and Shin (2002). Using the negative dependence of 7, on 7., we can then show
that there exists a threshold 7 < 7/, such that the inequality in (43) holds if and only if 7, > 7.

One can then easily see how the crowding-out effects of public information on private infor-
mation may affect the social value of public information. As shown in Proposition 8, when the
precision of private information acquired in equilibrium is inefficiently high (in these economies,
this occurs when 7, < 7,), such crowding-out effects increase the social value of public information.
These new effects can be sufficiently strong to overturn the partial effect identified in the literature,
making the social value of public information positive under the same conditions that would have
predicted it to be negative by ignoring such crowding-out effects.

To see this more clearly, suppose that the cost of acquiring private information is given by
the following isoelastic cost function C (m,) = (ms")/(1 + 1), where i € [0,00) is the elasticity
of the marginal cost. Using (3), we can then verify that the equilibrium degree of substitutability

2"Observe from (3) that limy, o z(7:) = Tz > 0, with 7, implicitly given by 7‘7%0/ (Tz) = |ukk|n%/2, while

limy, oo Tz (ﬂ'z) = 0. Along with the fact that 7, is strictly decreasing in 7, these properties give the result.
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between public and private information (equivalently, the crowding-out effect of public information
on private information) is given by
Oy 27,

om.  nlme+ (1 —a)ig +2(1—a) (44)

with —1/(1 — ) < 07,/0m, < 0, as predicted by Corollary 1. Combining (41) with (42) and
using (44), we then have that the total effect on welfare of an increase in the precision of public

information (controlling for the crowding-out effect of public information on private information)

is given by
dw(ftz,m.)  Ow(fy,72) Ow(Trg, m,) Oy
d7TZ N 87rz aﬂx 67TZ
(1—r) { R r(1—=r)[r, — (1 —r)fz] 275 }
= »— (2r — 1)(1 — z — — — .
A U e e e R T e (- A

The above expression is positive if and only if
nr? 4+ 2(1 —r)2(1 4+ n)iem, — (n(2r — 1) = 2(1 — 7)) (1 —7)?72 > 0,

or, equivalently, if and only if

Given that
2(1—r)

[21”—1—
n

] (I—=r)me < (2r —1)(1 — )7y,

this means that there exists a third threshold 77" < #/ such that the social value of public in-

formation is positive, when private information is endogenous, if and only if 7, > #7'. It is then

easy to see that, for any m, € (77, 7”), the social value of public information turns from negative

to positive when one takes into account the crowding-out effects of public information on private
information. Q.E.D.

6 Appendix B: Derivation of Results for Monetary Economy Ap-

plication

Reduced-form payoffs. We start by showing how the economy can be represented as a game
in which the reduced-form payoff for each producer-consumer depends only on the cross-sectional

distribution of log-prices. To this purpose, let

1—v
P= ( / P,%”dh) (45)
[0,1]




denote the usual Dixit-Stiglitz price index. Solving the game backwards starting from the agents’

consumption choices, it is standard to show that each agent j’s demand for each good h € [0, 1]

a=(3) o (16)

where C} is the Dixit-Stiglitz aggregator of the agent’s consumption, as defined in the main text.

satisfies

Aggregating the individual demand functions (46) for each good h over all agents yields the aggre-

v, = (,%)Y (47)

gate demand for each good h

where

[0,1]

Substituting the individual demand for each good h, as given by (46), into each agent’s budget
constraint (10), and using the definition of the aggregate price index in (45), we have that each

agent’s budget constraint can be rewritten as

P:
Cj = FJYJ-. (48)

Combining (48) with (47) then permits us to express C; as follows

C, = <§j>“y (49)

Solving (11) for N; and using (47) then allows us to express the agent’s individual labour supply
as a function of her own price, the aggregate price index, and the technology shock © as follows
P W
N; =Y 0™ = (E) YvYe . (50)
Finally, substituting (49) and (50) into the agent’s utility function (9) and rewriting the money

supply equation as PY = M permits us to express each agent’s payoff as a function of her own
price, the Dixit-Stiglitz price index P, and the TFP shock ©:

(f)jlfvpv—2M) =R

U(P;,P,0) = T~ &

—vw pw(v—1 wo—w
— P pelm e, (51)

Using (45), we can show that, in any equilibrium in which prices are log-Normally distributed, the

) |

Replacing P into (51) and using the definitions of p;, 6, and m then yields the expression in (12).

Dixit-Stiglitz price index can be rewritten as follows

o |“dqw

P= ( / exp(pi(1 —v))dh> = (B el - v)) T = oxp (p— (v—1)
[0,1]
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Equilibrium price rule. Let

1 o2 1-R
V(p.p,0,,0) = T—F% (exp {(1 —op+(=2p—(v-1Dv-2)7+ m})

and
2

N(p,p, oﬁ, ) = exp {—va +wv—1)p—w(v— 1)2% 4+ wm — wg}

denote the utility of consumption and the disutility of labour, respectively, for an agent with log-
price p, when the aggregate log-price is p, the dispersion of log-prices is 012), and the log-productivity
shock is 6.

Using (12), we have that each agent’s payoff can be rewritten concisely as

u(p,p,05,0) = V(p,p, 0, 0) — N(p,p, 07, 0). (52)

Denoting by E;[-] = E[|x},y; 7z, 7] the expected value operator given the agent’s information
(xj,y) and the quality of information (7, 7.), and using (52), we then have that the optimal choice

of p; is given by the first-order condition

0 _
@Ej [u(pj,p.07,60)] = 0. (53)

Using the notation above, we can rewrite (53) as

vw

E; [V(pj, b, 07,0)] = (CEEE)

E; [N(p;,p,07.0)] - (54)
Assuming that p is Normally distributed and that ag is a constant (both properties will be shown
to hold in equilibrium), taking logs, and rearranging, we can rewrite the optimality condition (54)
as (13).
Next note that, when all agents other than j follow the linear price rule in (15), (a) the average
price is given by
P = Ao+ A0 + Aoz, (55)

which is indeed Normally distributed with a constant variance, and (b) the dispersion of prices in
the cross section of the population is given by

)\2

o2 =211

9
p Ty

(56)
which is also constant, as conjectured. Replacing (55) and (56) into agent j’s best response (13),
noting that Var;[0] = 1/(r, + 72), Var;[p] = \}/(n, + mz), and Cov;[p, 0] = A1 /(7. + 7,), and
solving for the fixed point, we obtain that, in the unique log-linear symmetric equilibrium,

(1—a)my

T e = =), (57)

A = A (Tp, T2) = K1
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Tz

)\2 = )\Q(Wm,ﬂz) = le

= K17, (58)

with
Tz

v =T, ) = Py R

and

Ao = Ao(Tz,T2) = ko — (v—1)

wr-1)+(R-1)(v-2) <A_%> (59)

2(R+w-—1) T
W (v —1) A — 12— (1= R)*(v—2)* A2
2(R+w—1)(mg +72) '

Notice that the second line of (59) can be rewritten as

2= (LR 0 -12| ¥ 2140 - (1= RPX (1= R (0 — 1)\ —wudy (14 A1)
2(R+w—1)(my + 1) 2(R+w—1)(my +m2) (R+w—1)(mz + )

Observing that
1 1 T 1 T

Ty + T2 77T_x_7rx(7rx+7rz) 77T_z_7rz(7rx+7rz),

we then have that the second line of (59) can be rewritten as

1 [w2v2 —(1-=R?*(w—-1)72 A2 . W (1A% — (1= RN
2(R+w-—1) g T
n 1 (1—R)? N (v—1)m, + Ik B w?  [odims + (14 Ap) o)
2(R+w-—1) Ty + Ty Ty Ty Ty + Ty Ty T '

Using the formulas for A1, k1, 7, and «, we then have that

1-R*N[(v-Dm+m]® & [ohm+ (L4 ) m)?
Ty, + Tg T T T, + Tg T

=0,

which permits us to rewrite (59) as

B ww—1)4+R-1)(w-2) (A w?-(1-R)?*w-1)% /)
Ao =ro—(v—1) 2(R+w—1) <7r_i.>+ 2R+w-1) (?i) (60)
W(1+M)? = (1-R)*X2 /1
2(R+w-—1) <7T_z>

Combining the second and third terms in (60), we obtain (16) in the main text.

Equilibrium acquisition of private information. Fix the precision of public informa-
tion 7., and let [:fj (mz;, ) denote agent j’s ex-ante expected payoff when the precision of her
information is m,;, the precision of all other agents information is 7, and all agents’ (includ-

ing agent j) follow the equilibrium price rule, as given by (15) (the dependence of I:fj on 7, is
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dropped to ease the exposition). Using (52), and the fact that, when s is Normally distributed,
E [exp{s}] = exp {E[s] + 3Var(s)}, we then have that

A‘Trmﬂrx . 2 —v2 2 Uw2 2 /
Plete) im0 () B iwimm) S (-2F) - e, o)

where E [V; 7, 7] and B[Ny, 7] are shortcuts for E [V(p, p, 05,9)] and E [NV (p, p, crg, 9)] . Im-
portantly, these ex-ante expectations are computed under the price rule (15). That is, they are
computed using the fact that (a) p = Ao+ A10 + A2z, (b) 0'12, = \2/m, and (c) p = Ao + M1z + Aoz,
with the coefficients (Ao, A1, A2) given by (60), (57), and (58), respectively, with « drawn from a
Normal distribution with mean zero and variance 1/mg + 1/m,, and with z drawn from a Normal
distribution with mean zero and variance (7, — mg)/m.mg.

Applying the law of iterated expectations to (54), we have that

vw

B T )

E N7y, ). (62)

Replacing (62) into (61) and recalling that A\; = x1(1 — 7y), we then have that

8[7]-(7@,;, )

2
aﬂ-l‘j 27T33

- 2
— (cwlow + (R Do D) BWNim, ]} {—M} SClm) (69)

with v = 7(mz,7,). To interpret this condition, first use the envelope theorem to note that
8Uj(7rx,7rx) /dmy, is agent j’s net marginal private benefit of acquiring more precise private in-
formation when all agents (including agent j) acquire information of quality 7, and then use their
information according to (15). Next, use (52) and (54) to note that, when all agents follow the

linear rule (15),

82 7_7 270
Uk = ukk(ﬂ'x»'/'rz) =E % | p(';ﬂxaﬂz)vﬂ'mﬂz
= (1= R)*(1 —v)’E[V; 7y, 7] — (vw)* B [N 7y, 72

= —vw[vw + (R —1)(v — 1)]E [N; 7y, 7] <O0.

We thus have that the first curly bracket in (63) is simply the expected curvature of a representative
agent’s payoff around her own price when all agents follow the linear rule (15) and when all agents
have private information of quality 7.

Next, note that the second curly bracket in (63) is simply the marginal reduction in the dis-
persion of each agent’s own price around the mean price that obtains by increasing the precision of
the agent’s private information holding fixed the equilibrium price rule (which means holding fixed
v = Y(my, 7). In a symmetric equilibrium, this reduction coincides with the marginal reduction

of each agent’s price around the cross-sectional average price, that is,

_ [k (1 — '7)]2 _ IVarlp —p | p(:; T, 72), Tz, 7]
72 Ory '

48



We conclude that, in any symmetric equilibrium, the gross private benefit of more accurate private

information is given by (18) in the main text.
Efficient price rule. The efficient (linear) price rule maximizes

E[ (p7p7 9)] E[V(paﬁa 0-279)] - E[N(p,ﬁ, 0-579)]

Using again the property that, when s is Normally distributed, E [exp{s}] = exp {E [s] + %Var [s]},

and noting that, under any linear rule, p = Ao + A1z + Aoz = p+ A1 (z — 0) so that 012) =\ /7., we
have that
Elu(p,p, 0;,0)] =
. ~(1 - R)E[p] + 3(1 - R)*Var [p]
2
I-R +[1-RPw-12-(1-R)(v-1)(v—-2)]Z+(1—-Rm

—exp {—wE D+ 0] —HUQ%VQT [P+ 0] + [w?v® — w(v—1)?] > +wm} .

Next, observe that, under any linear rule,

Ep] =E[p+0] = Xo,

1 T S
Var [ﬁ] = TF_a <)\1 + ﬂ_—y)\g) + ﬂ_—g)\%

z z

1 2
Var[p+0] = — <1 A+ @A2> + 03,
T Ty 2
Using these expressions and writing E [V; 7, 7] and E [N; 7, 7] again as shortcuts for B [V(p, D, 012,, 9)]

and E [J\/' (p,p,0 9)] we can write the first-order conditions of (64) with respect to \g, A1 and A,

respectively, as
B (Vi ms] = 7R Wim, ], (65)

{(1 — R)? ﬂl ( e Wm*> [(1-R*(w-12-(1-R)(v—1)(v—2)] im } E[V;7m., 7] (66)
{ <1 AT+ ”%) T [P — wl(o - 1)?] im} ;7m0 m]

and
_ 2 Ty * @ * . 2@ * .
{(1 R) P ( 1+ ’7TZ>\2> +(1-R) ﬂ_g)\Q}E[V, Ty Tz (67)
= {w2 Ty <1 + AT+ y)\2> + w? y)\*}E[N;Wz;ﬂ-z]'
ToT > s 2
Combining (65) with (66) and (67), we can then show that
1 _ *
7 ( o) nd X5 = N5 (e, 7)) = K} Tz = K] — A],

Al = M (7p, ) = K] (=)
z x

Ty + mp (1 — %)
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where
R+w-—-1

v(vw+1—v)+ R(v—1)>
and where k7 (= k1) = —w/(R + w — 1). Substituting the above expressions into (65) yields

w(v— —1)(v— 12
Nt In(w)+m—(v—1) WD+ R-Dw-2 </\_1)

1—a* =

" Rtw-—1 2(R4+w—1) Ty
2
W — (1= R (=1 (A W (1 X+ 2%) Ty
2(R+w—1) Tz 2(R+w—1) o 722
* Ty y * 2
2(R+w-—1) o 272 |
Using the fact that A\] + A5 = <] in turn permits us to write
(1477 + 22 ’
N+ ) L4y
p e o WHA T gy e
) p Ty YT
2
(x; + :—U\;) 2
S T = Sl
o 2 T,  ToT
Using the definition for 7}, we can then express (68) as
" ww—1)+(R-1)(v-2) (A
k(v —1 = 69
+w2v2—(l—R)2 (=1 /A2 | I+’ -1 -R*M2 (1
2(R+w—1) T 2(R+w—1) )

Combining the second and third terms in (69) then permits us to obtain the expression in (21) in
the main text.
Finally, note that, after some tedious algebra, one can show that under the efficient price rule
_ wv—1)+(R—-1)(v—2) [ N2
;=B — o)+ o] = (1= o) [0 - ) S i

w2 —(1=RZ(v—1)2 (A2 WA+ -(1-RZ*X\2 (1
Fuma) | S () e <F>]

(70)

9

from which it is easy to see that o* continues to measure the socially optimal degree of coordination,
that is, the slope of the individual best responses to the aggregate price level, under the efficient

price rule.

Comparison between o* and a. Note that

. (R+w—-1)(v—1)[ow+1—v+ R(v—2)]
= Wow+1—v)+Rlv—1)2][ow+1—v+ R(v—1)]

(67
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It is immediate to see that all the terms in the denominator and those in the first two brackets of

the numerator of the above expression are positive for all v,w > 1 and R > 0, so that
sign (o —a) = signjvw +1—v+ R (v —2)].

Recall that o > 0 requires that w (v —1) + (R — 1) (v —2) > 0, which can be rewritten as vw +
R(v—2)+2—w—wv>0. Since w > 1, this implies that vw + 1 —v+ R (v — 2) > 0. Hence, a > 0

implies that a* > «.

Efficient acquisition of information. Using (52), we have that, for any precision of private

and public information, welfare under the efficient price rule (20) is given by
W (my, my) = B[V 71p, 7] — BN 700, 2] — C(72),

where B [V*; 7, 7] and E [N*; 7., 7;] are shortcuts for E [V(p, p, 012,, 0)] and E [N (p, p, O']%, 9)], and
where each of these expectations is computed assuming that prices are determined according to the
efficient price rule (20) for quality of information (7, 7,).

Using again the envelope theorem, we then have that the net marginal benefit of more precise
private information is given by the direct effect on welfare of a marginal increase in 7, holding

fixed the efficient price rule. That is,

W = [0-R -1+ 1 -v-2)] 0 - BEV;m, ] (‘f) (71)
_ % [(vw)2 —w(v— 1)2] E [N*; 7p, 7] (_ )7\3:%2> o,

where
T (1 —a*

)
T+ 7 (1 — )’

Al = AN (73, 72) = K]
Now recall that, under the efficient price rule E[V* 7, .| = 125E [N* 7, 7.]. Replacing this

expression into (71), we then have that

*2
A1

2
T

ow*(my,m,) 1 *.
QAT ) [0 = R 0 =17 = (=) = 0?] BN, ) (—

) —C'(my). (72)

Next, observe that, under the efficient price rule, the expected curvature of each agent’s payoff

around her own price is given by

0*u(p, p,02,0)
Op?

= (1 - R)*(1 —v)*B[V*; 7y, 7] — (vw) BN 7y, 7]

= —w [V*w+ (R—1)(1 —v)*] EN*; 7, m.] < 0.

qu = Ukk* (7Tx77Tz) =E | p*(';ﬂxvﬂz)aﬂ'zaﬂ'z]
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Then, use again (52) and E [V*; 7., 7] = %5 [N*; 7, 7] to note that, under the efficient price

rule,

*
oo

du(p, p, oy, 0)

Upy = Upy (Tz, 7)) = 2B e | p* (4 Ty T2y T, T
7

=(1-0)(v—=2)1-REV* 7] +w(l —0)? BNy, ]
= (-1 wE[N*; 7z, 7] > 0.

Using the definitions of v}, and u}, and the fact that A} = x](1 —~*), we can then rewrite the

net marginal benefit of more precise private information (72) as*®

aw*(ﬂ-xvﬂ-Z) _ u;;k: + U’Z'O' (_ ’{{2(1 B 7*)2> o C,(T(x)

Omy 2 72
* * 9
= ukk+uaa Var[p—p | p*(’;wx7ﬂ-2)7ﬂl’aﬂ-z] _Cl(wl’)?
2 Oy

where %Var[p —p | p*(:; g, m2), Ty, 2] denotes the reduction in the dispersion of prices around
the mean price that obtains when all agents acquire information of higher precision, holding fixed

the efficient price rule p*(+; 7., 7,), as given by (20).

Policies implementing the efficient price rule need not implement the efficient
acquisition of information. To see this, suppose that the planner were able to implement the
efficient price rule by using a system of Pigouvian taxes that impose high penalties whenever
the price set by each producer-consumer is different from what prescribed by the efficient rule
p*(+; 72, m,) and else are equal to zero. Such taxes require that the policy maker be able to observe
the individual signals (x;,y), which is clearly unrealistic, but nonetheless helps us illustrating the
point in the simplest possible way.

Towards a contradiction, suppose that such policies also implement the efficient acquisition of
private information 7). As above, drop the dependence on 7, to ease the notation and denote by
U, (s > Tx) agent j’s ex-ante expected payoff when (a) the precision of agent j’s information is 7,
(b) the precision of all other agents’ information is 7}, and (c) all agents (including j) follow the
efficient price rule (20). Because the Pigouvian taxes make it optimal for the agent to follow the
efficient price rule p*(-; 7, ) irrespective of her choice of 7, from envelope arguments similar to

those discussed above, we have that the net private marginal benefit of varying m,, around 7} is

given by
U (w3, m3) (1-R?A-v)? [ A (vw)® (A :
x x) _ E *, % . _ - E *’ *’ . _ _ * ’
o Vs, ) BN S (2 ) - O

(73)

28 Observe that ujy, + ub, < 0 for all (74, 7,).
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where E [V*; 7%, 7] and E [N*; %, ;] are shorteuts for E [V(p, p,02,0)] and E [N (p, p, 02, 0)], with

p7 p?
each of these expectations computed assuming that prices are determined according to the efficient

price rule (20) for quality of information (7}, 7,), and where

w5 (1 —a*)

T+ (l—a*)

AL = Ni(m, 2) = KT

Now recall that, under the efficient price rule, E[V* 7}, 7.] = 25E[N*; 7}, m.]. Replacing this

condition into (73) and using the definition of u},(-), u},(-), and v*(-) given above, we have that

oU;(ms,m3) gy (ws, m2) (_ (M (%, 7))

2

o / *
i g ) -

= ow*(my, m2) | Uy, (T3, m2) RT2(1 — 7*(7:;772))2

Ory 2 2
— U;U(ﬂ-zvﬂ-z) "5’{2(1 - 7*(71-;777-2))2
2 2
v—1)w . () \
:( 5 ) E[N*;ﬂ'm,ﬂ'z]( 1(7:; z)) >O,

where the last two equalities use the definition of 7). Hence, under such Pigouvian taxes, the agent
has an incentive to deviate and acquire more precise private information than what is socially
efficient. As mentioned above, this example is chosen for its simplicity. Similar conclusions hold
for more realistic policies such as subsidies to production that do not require the Government to

be able to observe individual signals.

Comparison between 7, and 7. The (gross) marginal social benefit of more precise private
information (evaluated at the equilibrium level 7, = 7,) when the planner can control the price

rule is given by

2 72

U (fra, T2) + Wy (R, 2) (_ (55 (1 — 7" (7o, m)P)

T

whereas the (gross) marginal private benefit is

Wi (7 72 (_ [k1(1 — fy(frx,ﬁz))b) |

<2
2 w

We thus have that the precision of private information 7, acquired in equilibrium is inefficiently

low relative to 7 if and only if

|uper (7, 702) | ’i%(l — ’}/(7%9577%))2 < |uzk:(ﬁ-$7772) + u), (7)) (”T)2 (1-— 7*(7%967772))2
2 72 2 72 '

(74)

Replacing the formulas for v(-) and 7*(-) into (74) and simplifying we arrive at the conclusion in
(23).
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Social benefit of private information under the equilibrium price rule. Note that

welfare, under the equilibrium price rule, is given by
w(mg, 7)) = B[V 7y, 7] — B[N 70g, 5] — C7rs),

where E [V; 7, .| — E[N; 7., 7] is given by (64). Differentiating w(m,, w,) with respect to m,., we
have that

Ow(my, m,)

Oy

p — ar |p — —0)? = (v=1)(v—2)0052
:(1_R)E[v;7rx,m](—afﬂzj]ﬁl2R>3‘gwx[p]+(1 R) (1 )2( 1)( 2)875)

B[] w?Var[p+0) w?—w(v—1)%0d0; ,

- y Ty T2 - r - z)-
Wi, ] ( “ Oy * 2 oy * 2 Omy ¢ra)

Since A\1 + A2 = k1, we have that Var[p] = M/m. + [(7. — m)r?] /mom. and Var[p+60] =

(1+ /\1)2 /T + [(772 —mg) (14 /11)2} /mom, with Ay = A(7, 7m,) as defined above. Using the fact

that, under the equilibrium price rule, E [V;7,, 7,] = mlﬂ [N 7y, 7], we obtain that

Ow(my, ) ' _ w B[  wll-v(1-R)(1-v)+wv)]do,
Omy =EWV;m, ] ( v—1 Ong + 2 Omy
+ EB[N; 7y, 7] <—%A1 +w? (1+ >\1)> %6873 — C' (7).

Now, note that 9K [p] /0m, = OXo/Om,. Using (16), and recalling that in equilibrium the dispersion

of individual prices is given by 012) = A\}/m,, we then have that

OB [p

OE[p) 905 w?(1+ M) = (1= R’ M sy Dy

Omy aog Omy R+w-—1 T, Oy

where O [p] /802 is given by (17). Hence,

Ow(my, ) ' _ w OE[p wll-v((1-R)(1—v)+wv)]) dop
ony E[N’Wmﬂz]{ v—1 o2 2 omy
w Ww(1+M)-(1-R?*\N  ww(l—-R) 9 k1 Oy
—O—E[N,ﬂx,ﬂz]{v_l F S A+ w? (14 X\) s
— C' (7).

The term in the curly bracket in the second line of the above expression can be rewritten as

+w?| (A — K1) (75)

w w2—(1—R)2_vw(1—R)
v—1 R4+w-1 v—1

w w(l+r)—(1—-R)>k _ww(l = R)ky

2
1
v—1 R+w-—1 v—1 +w (14 k1)
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Using the expressions for A\; and x1, we can rewrite (75) as

ww2—<1_R)2_w(1—R)+w2H KT ]

v—1 R4+w-1 v—1 T, + 7y (1 — )
= _vo—Jl [vw+ (R—1) (v—1)] [Wz+:;7(ri —a)}
Exploiting this result and recalling that
I—a’= v(vw + 1R—+U;Jj:]§(v —1)2 >0,
ug = ug(my,m) =B %}’;}%’9) | p(-;wx,wz),wa;mz] = —ﬁE[N; Ty 2] < 0,

Ou*(p,p, o7, 0)

o | p(-;wx,wz),wm,wz] = —vw[vw + (R —1)(v — 1) E N7, 7] <0,

gk = Uk (T, 72) = B [
and
8’&(}9,]5, 0_}%79)

Ugo = Ugo (Tz, T2) = 2B [ 80%

w
| p(';ﬂ'xaﬂ'z)aﬂ'mﬂ'z] = EE [N7 7rz»7rz] >0,

we then obtain that

811}(7Tz, TI'Z) Ukk + Uso OE [ﬁ] 801%
= 76
Ony < 2 tuk do2 ) Oy (76)
Ukk + Ugo JE [p] H% o O '
2 —— 1— — — (7).
+ < 2 tux 8012) 7rz+7rx(1—a)( O‘)am (7z)
. 2 K2 (1—7)2 .
Next, using the fact that o, = ==—=, we obtain that

or o 77% Ty 87T$

Substituting (77) into (76) we finally arrive at (24) in the main text.

Derivation of Equation (26). Using the definition of «, we have that the expression for

OE [p] /o7 in (17) can be conveniently rewritten as

IE [p] _1<(R—1)(1—v)+wv+1—“+u_1>.

do2 2 -«

Using the expressions for ug, ugg, and us,, we have that

Ukk T Uoo u aE[ﬁ]
2 K 80%
w

T21-a)(v-1) [Fv(B+w-1Dw-1)+(R-1)(v-1) = (wo+1—v)]EN;m, ]
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*
oo

Uk, + Uoo u 8E[ﬁ]
2 K 80%

Finally, using the formulas for u}, and u},, evaluated at (m;,7), we have that

_1 u2k+u;a
S 2(1—-a)(v—1)

< 0. (78)
Replacing the latter into (24), we arrive at (26).

Proof of Proposition 11. Recall that the social benefit of more precise private information
under the equilibrium price rule is given by (24). Evaluating the expression in (24) at the precision
7, acquired in equilibrium, we then have that the net marginal social benefit of inducing the agents

to acquire more precise information, evaluated at 7, = 7, is

oulems) (st 901 (A0 2)

0Ty 2 v do? 72
Ukl + Uoo aE[ﬁ] ’i% (Oé* - Oé) afy 1A
2| ———— - C'(7y),
+ < 2 tuk 80% 7+ (1 —a) 7, |Om, (7z)

where ugk, Uge, UK, 7, and Oy/0m, are all evaluated at (7, 7;).

Now recall that the equilibrium 7, satisfies

Ugp O

2 Omy

2 1— 2

Hence, Ow(7ty, 7,)/0m, is positive if and only if

Uge OE[p] /1%(1 —7)?
( 5 +ug 30% > < 7%% (79)
Ukk + Uoo 8E[]5] ’%% (Oé* B CK) 87
+2< 2 tuk 80%)7%—1—(1—04)7?% dm, > 0.

Using uye = WE [N; 7z, 7] and

(B _ (BN ) (2= DR 0= el )+ (02
do? v—1 2(R+w-1) ’

we have that

Ugo OE [ﬁ]
2 UK 8012)

2 2
:wE[./\/';frx,TrZ] {1_v2w2—(v—1)2(R—1)2—(v—1)[w(v—1)+(R—1)(v—2)]}
2 (v—1)(R+w-—1)
_ WE [N 7tp, 2] {(v—l)QR(R—l) — wv [1+U(w—1)]}
2 (v=1)(R+w-—-1) '

_ wE Wi, me]  WE [N 7y, ] {v2w2 —(w=12%2R-12-(w—-1)[wlw—-1)+(R— 1)(1}—2)]}
(v—1)(R+w-1)

Replacing the above expression into (79) and using

wk [N, T, 772]
2 )

Ukk _ _y [vw + (R —1)(v—1)]
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L=7= T+ (1—a)r,
'87(7%3377?2) o 7Tz(1 - a)
Omy (7. + (1 — @) ]2

we then have that the precision of information acquired in equilibrium is inefficiently low (that is,

Ow(7ry, m,)/0my is positive) if and only if

U o 12R(R— 1) — w1 40l - 1)) (50)
(o — ),

~ o+ (R= D =] [o (o +1-0) + B~ 1] o= >0

Recalling that
| — e R4+w-1
S ww+ (R—1)(v—1)
e e (Rtw- DDt l-vtRu=2)
T plew+T—v) + R — 12w+ 1—v+R(o—1)]
we then have that Condition (80) can be rewritten as
Tt 1), {wo[l +v(w-1)] = (v— 1)’R(R — 1)} (81)

Tz

2w -1 [rw+ (R-1w-1)][vw+1—v+ R(v—2)] >0.

Observe that the term in the second line of (81) is negative for any v,w > 1 and R > 0. It
follows that a sufficient condition for the inequality to be reversed is that wv [l 4+ v(w —1)] <
(v —1)2R(R — 1), which is equivalent to R > R*, where R* is as in (27) in the proposition. It
follows that, for R > R*, the economy overinvests in information acquisition.

Next, use (81) to see that, when R < R*, under-acquisition of private information obtains if

@> w+ (R—1)(v—1)
T (R+w-—1) [vw(vw—i—l—v)—(v—l)QR(R—l)]

(82)

{(2v = 3) [pw(vw + 1 —v) + (v—1)2R(R — 1) + 2(v — DwwR] — 2(v — 1) [ow + (R — 1)(v — 1)]},

whereas over-acquisition obtains if the inequality in (82) is reversed. Using (19), we then have that,
when R < R*, whether the economy over- or underinvests in the acquisition of private information

depends on the cost of information acquisition. Q.E.D.
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