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Abstract

The paper studies the interaction between traders’ acquisition of private information and
the aggregation of information in financial markets. We consider a market microstructure
in which partially-informed traders compete in schedules and prices partially aggregate
the traders’ private information. Before submitting their demand schedules, traders
acquire information about the long-term profitability of the traded asset. We show that,
when the errors in the traders’ signals are correlated, policies that induce the traders
to submit the efficient schedules when the traders’ private information is exogenous
do not necessarily induce them to collect the efficient amount of private information.
In particular, we identify conditions under which such policies induce over-investment
(alternatively, under-investment) in information acquisition, relative to what is efficient.
We find that, as information technology reduces the cost of acquiring information, the
economy eventually moves to a regime with excessive information usage and acquisition.
Finally, we show that, generically, there exists no policy based on the price of the financial
asset and the volume of individual trades that implements efficiency in both information
acquisition and trading. Such an impossibility result, however, turns into a possibility
result when taxes can be made contingent on the aggregate volume of trade, or when
the acquired information is verifiable.
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1 Introduction

Improvements in information technology are reducing the cost of acquiring and processing
information. This cost reduction naturally raises the question of whether such improvements
are likely to contribute to higher welfare or benefit a few at the expenses of society at large.
A related concern is whether there is excessive speculation in financial markets facilitated
by asymmetric information. Policy proposals range from putting “sand in the wheels” of
markets as a way of limiting speculative trading (the Tobin tax being a prominent example)
to subsidizing information technology because of its potential public good nature.

In this paper, we present a tractable framework to study both the positive and normative
issues of interest. In particular, we characterize the sources of inefficiency in the collection
of private information prior to trading and relate them to possible inefficiencies in the limit
orders that traders submit in financial markets, given available information. We first show
that, in the absence of policy interventions, the equilibrium usage of information is inefficient.
That is, the demand schedules that traders submit in equilibrium fail to maximize welfare,
given the dispersion of private information. However, the inefficiency can be corrected with
appropriate (non-linear) taxes/subsides on the trades. We then show that, when the traders’
private information is endogenous, policies that induce efficiency in the usage of information
(equivalently, that induce the traders to submit the efficient limit orders) need not induce
the traders to collect information efficiently. We identify conditions under which traders
over-invest (alternatively, under-invest) in information acquisition. Finally, we show that,
generically, there exist no tax/subsidies measurable in the price of the financial asset and in the
volume of individual trades that induce efficiency in both information acquisition and trading.
Such an impossibility result, however, turns into a possibility result when the acquisition of
information is verifiable or when taxes can be made contingent on the aggregate volume of
trade.

Our model is a linear-quadratic-Gaussian market microstructure a la Grossman and Stiglitz
1980 in which a unit-mass continuum of traders compete by submitting a collection of gen-
eralized limit orders (equivalently, a demand schedule). The traders face uncertainty about
the asset’s value, as well as the value that other investors in the market (noisy traders, high-
frequency traders, hedge-fund managers, and the like) assign to the asset. Before submit-
ting their demand schedules, each trader receives a private signal about the asset’s value
whose noise is endogenous and correlated across traders. Such a correlation may originate,
for example, in the traders paying attention to common sources of information, which have
source-specific noise. Importantly, such a correlation, in addition to being realistic, has major

implications for the (in)efficiency of the equilibrium acquisition and usage of information, as



we discuss further on.!

Our first main result is that, except in very special cases, absent policy interventions, the
market does not use the information it collects efficiently. As in Vives 2017, the inefficiency
originates in the interaction between two externalities. First, traders do not account for how
their orders affect the co-movement between the equilibrium market-clearing price (and hence
the equilibrium asset allocations) and the various fundamental shocks that are responsible
for different agents’ payoffs (a pecuniary externality). Second, traders do not account for the
fact that a collective change in demand schedules may induce a change in the information
contained in the equilibrium price, which in turn affects other agents’ ability to align their
trades with the asset’s value (a learning externality).

The pecuniary externality makes the traders overreact to their private information, whereas
the learning externality makes them under-react to it. The knife-edge case in which the
two externalities cancel each other out obtains when the equilibrium demand schedules are
perfectly inelastic (such as when traders are restricted to submitting market orders). When
the equilibrium schedules are downward sloping, the pecuniary externality dominates and the
equilibrium trades feature excessive sensitivity to the traders’ private information. When,
instead, the equilibrium schedules are upward sloping, the learning externality dominates and
the sensitivity of the equilibrium limit orders to the traders’ private information is inefficiently
low. Interestingly, as the precision of the traders’ private information grows (for example, due
to a reduction in the cost of acquiring information facilitated by technological progress),
the pecuniary externality gains weight in relation to the learning externality.”? We show
that, no matter whether traders over- or under-respond to their private information, the
aforementioned inefficiencies in the equilibrium usage of information can always be corrected
using a (non-linear) tax-subsidy contingent on both the equilibrium price of the asset and
the individual volume of trade. More precisely, a linear-quadratic tax on the volume of trade
paired with an ad-valorem tax on the dollar amount traded induces the traders to submit the
efficient limit orders.

Our second main result is that inducing the traders to trade efficiently does not guarantee
that they invest efficiently in acquiring private information prior to trading. In particular,
suppose that the planner could enforce the efficient usage of information by constraining

the traders to submit the efficient demand schedules. The traders would then over-invest in

'Primarily for tractability, the literature typically assumes instead that the noise in the agents’ signals is
iid across agents.

2Provided that the noise in the traders’ information is not too large, when the precision of the traders’
information is relatively low, the learning externality dominates and the demand schedules are upward sloping,
whereas the opposite is true (i.e., the pecuniary externality dominates and the demand schedules are downward
sloping) for high levels of precision.



information acquisition when the efficient schedules are downward sloping, and under-invest
in information acquisition when they are upward sloping. In other words, when the pecuniary
externality prevails in the usage of information, so that the traders over-respond to their
private information, forcing the traders to trade efficiently induces them to over-invest in the
acquisition of private information. When, instead, the learning externality prevails, in the
absence of any policy intervention, traders under-respond to private information. In this case,
forcing them to trade efficiently would induce them to under-invest in the acquisition of private
information. The inefficiencies in the collection of information thus parallel those in the usage
of information. Importantly, these results hinge on the noise in the agents’ information being
correlated among traders. If such noise were uncorrelated, holding fixed the efficient demand
schedules, the only effect of an increase in the precision of the traders’ private information
on welfare would be through the reduction in the dispersion of individual trades around the
average trade. However, when the traders submit the efficient limit orders, the private and
the social value of reducing such a dispersion coincide, in which case efficiency in the usage of
information implies efficiency in the acquisition of information.

We also show that, if traders could be trusted to submit the efficient demand schedules,
then an ad-valorem tax on the dollar amount traded would induce the efficient collection of
private information.

Next, we show that, absent any policy intervention, as information technology makes
the collection of information cheaper, the economy eventually enters into a regime of over-
investment in information acquisition and excessive sensitivity of the equilibrium trades to
private information. This is accompanied with inefficiently high price volatility, market depth
and price informativeness. In other words, the secular trend of improvement in information
technology may have the undesirable effect of enticing over-investment in information acqui-
sition and over-reaction to it in the trading of financial assets.® It follows that policies that at
the same time “sand in the wheels” of financial markets and subsidize information collection
are potentially contradictory. Perhaps surprisingly, when the cost of information acquisition is
low, putting “sand in the wheels” of financial markets and raising the cost of paying attention
to information can be particularly valuable.

We show that, generically, there do not exist taxes/subsides contingent on the price of the
asset and on the volume of individual trades that induce efficiency in both the collection and

the usage of information. This impossibility result, however, can be overturned by conditioning

3See, for example, Nordhaus 2015 on the sharp decline in the cost of computation (and therefore of in-
formation processing). See also Gao and Huang 2020 and Goldstein, S. Yang, and Zuo 2020 for the effects
of the dissemination of corporate disclosures over the internet on the production of information by corporate
outsiders.



the tax/subsidy directly on the information acquired by the traders or, when the latter is not
verifiable, on the aggregate volume of trade. Conditioning the marginal tax rate on the
aggregate volume of trade provides the planner with flexibility on the way it realigns the
private incentives for trading with the social ones. This extra flexibility in turn permits
it to also realign the private benefits of more accurate private information to their social
counterparts. Alternatively, when individual investments in information are verifiable (as
when the traders purchase information from known sources), efficiency in trading can be
induced with standard taxes that depend only on the price paid and on the individual volume
of trade, whereas efficiency in information acquisition can be controlled separately through an

additional tax/subsidy that depends on the amount of information purchased.

Related Literature

The paper is related to several strands of the literature. The first strand is the literature
investigating the sources of inefficiency in the equilibrium usage of private information when
information is exogenous. See, among others, Vives 1988, Angeletos and Pavan 2007, Amador
and Weill 2012, Myatt and Wallace 2012, and Vives 2017. Among these works, the closest to
ours is Vives 2017 who also studies inefficiency in information aggregation through prices when
traders submit demand schedules, but in a setting in which the traders’ private information
is exogenous and the noise in the agents’ signals is uncorrelated.

The second strand is the literature on information acquisition in financial markets. See
Diamond and Verrecchia 1981 and Verrecchia 1982 for earlier contributions. More recently,
Peress 2010 examines the trade-off between risk sharing and information production, whereas
Manzano and Vives 2011 study information acquisition in markets with correlated noise,
while Kacperczyk, Van Nieuwerburgh, and Veldkamp 2016 study information acquisition in
markets with multiple risky assets. Davila and Parlatore 2019 study the effect of trading
costs on information aggregation and acquisition. Mondria, Vives, and L. Yang (2021) study
a model where traders have to exert effort (pay attention) to reduce noise in the interpretation
of the information content of the price. None of these papers, however, studies inefficiencies
in information acquisition and how the latter relate to inefficiencies in trading.*

In particular, Vives 1988 shows that, in a Cournot economy in which a continuum of

privately-informed traders with conditionally independent signals submit market orders, both

4See also the literature on the Grossman-Stiglitz paradox, namely on the (lack of) incentives to acquire
information when prices are fully revealing (see Grossman and Stiglitz 1980, and Vives 2014 for a potential
resolution of the paradox). Related is also the literature on strategic complementarity/substitutability in
information acquisition (see, among others, Ganguli and L. Yang 2009, Hellwig and Veldkamp 2009, Manzano
and Vives 2011, Myatt and Wallace 2012, and Pavan and Tirole 2021).



the decentralized acquisition of information and the equilibrium trades are efficient. In the
present paper, we show that the same result extends to economies in which the information
collected in equilibrium is subject to correlated noise, provided that the traders are restricted
to submitting market orders instead of richer supply/demand functions. When traders submit
market orders, neither the pecuniary externality nor the learning externality of conditioning
on prices is present and efficiency obtains.

Colombo, Femminis, and Pavan 2014 show that efficiency in actions does not imply effi-
ciency in information acquisition when payoffs depend on the dispersion of individual actions
around the average action. In the present paper, we consider a richer setting in which agents
compete in schedules and where information is partially aggregated in the equilibrium price.
We show that, even in the absence of externalities from the dispersion of individual actions
around the mean action, efficiency in information usage does not imply efficiency in informa-
tion acquisition when the noise in the agents’ signals is correlated. As anticipated above, that
noise is correlated is important. As shown in Vives 2017, when the noise in the agents’ signals
is independent across agents, policies that correct inefficiencies in the usage of information
induce efficiency in the acquisition of information, despite the (imperfect) aggregation of infor-
mation made possible by the limit orders. Efficiency in the usage of information also implies
efficiency in information acquisition in the macro business-cycle economies considered in An-
geletos, Iovino, and La’O 2020. In these economies, prices imperfectly aggregate information,
as in our paper, but agents have access to complete markets that fully insure them against
any idiosyncratic consumption risk. In contrast, in our economy, traders consume the returns
to their own investments and policies that correct inefficiencies in the usage of information
need not induce efficiency in the collection of information.”

The third strand is the recent literature analyzing the impact of technological progress
on the collection of information and its usage in financial markets. Farboodi, Matray, and
Veldkamp 2018 show that the growth of big data, combined with the size distribution of
firms, can lead to a decline in price informativeness for smaller firms. Peress 2005 shows that
a declining cost of information collection is outweighed by a parallel decline in the cost of
entry to financial markets and the interaction between the two can explain several empirical
anomalies. Malikov 2019 shows that falling information costs can actually contribute to a

rise in passive investment by reducing the cost of, and therefore the returns to, stock picking.

5A similar conclusion holds in Colombo, Femminis, and Pavan 2021. That paper considers an economy in
which agents can perfectly insure against any idiosyncratic consumption risk, but where production is affected
by investment spillovers. They show, among other things, that familiar taxes-subsidies linear in revenues that
correct for market power induce efficiency in production but not in the acquisition of information. Instead,
more sophisticated Pigouvian taxes where the marginal rates depend on aggregate output can induce efficiency
in both the usage and the acquisition of information.



Several papers (see, among others, Azarmsa 2019, Mihet 2018, and Kacperczyk, Nosal, and
Stevens 2019) show that technological progress that facilitates the collection of information
can lead to increasing levels of inequality. Unlike most of the work in this literature, we focus
on the normative implications of technological improvements in the collection of information.

A fourth strand is the literature building on Tobin 1978’s proposal to put sand-in-the-
wheels on foreign exchange transactions as a way to curb volatility and speculation. Similar
interventions have been advocated for financial markets (e.g. Stiglitz 1989 and L. H. Summers
and V. P. Summers 1989). High volumes of speculation (particularly in the short-term)
and/or “noise trading” are typically assumed to be detrimental to welfare. However, some
theoretical work shows that a tax on financial transactions may increase price volatility and
lower depth and welfare (see, among others, Kupiec 1996, Sgrensen 2017, and Song and
Zhang 2005). Subrahmanyam 1998 and Dow and Rahi 2000 show that a quadratic transaction
tax may have ambiguous effects on speculators’ profits and on the welfare of other traders.
Umlauf 1993, Colliard and Hoffmann 2017, and Deng, Liu, and Wei 2018 document a negative
impact of transaction taxes on trading volume and an ambiguous impact of the same taxes on
price volatility and depth. Using transaction data from the Italian Stock Exchange, Cipriani,
Guarino, and Uthemann 2019 estimate a model with price elastic informed and noise traders
to asses the effects of a transaction tax on informed and noise traders. They find that the tax
reduces trading activity and price volatility, but also price informativeness for most stocks. In
the present paper, we identify the structure of taxes that induce efficiency in both the usage
and the acquisition of information.

Finally, in this paper, we assume that higher investments in information acquisition can
reduce the agents’ exposure to correlated noise in information. Recent work by Woodford
2012a, Woodford 2012b, and Nimark and Sundaresan 2019 shows that rational inattention can
also explain the agents’ exposure to correlated noise and that the equilibrium of a rationally-
inattentive economy shares several features with those of an economy in which the agents’
use of information is “biased” in the sense of prospect theory. Particularly related in this
respect is Frydman and Jin 2020. That paper demonstrates how rational inattention can
lead to endogenous bias in valuation, and that the noise in perception is closely linked to the
bias in perception. Our paper shares with this literature the property that investments in
information acquisition also affect the agents’ exposure to correlated noise, something that,

from the perspective of an outside observer, may look like a bias in decision making.

Organization. The rest of the paper is organized as follows. Section 2 describes the
model. Section 3 compares the equilibrium to the efficient usage of information, identifies

the sources of the inefficiency, and shows how certain taxes/subsidies may restore efficiency



in trade. Section 4 identifies inefficiencies in information acquisition and discusses possible
policy corrections. Section 5 concludes. All proofs are in the Appendix at the end of the

document.

2 Model

In this section, we describe the trading environment, the equilibrium choice of demand sched-

ules, and the the traders’ information-acquisition problem.

2.1 Trading environment

The market is populated by a continuum of traders, indexed by i € [0, 1], facing an exogenous
asset supply trading a homogenous and perfectly divisible asset. Let z; denote the quantity of
the asset demanded by trader ¢ and z = fol x;di the traders’ aggregate demand. Each trader

1’s payoff from purchasing x; units of the asset at price p is given by

2
)

o
m=(0—p)z; — A=,
2
where \ is a positive scalar, and where § ~ N(0,02). The term 6 proxies for the traders’
2
gross common value from purchasing the asset, whereas the term )\% is a quadratic trading
or adjustment cost (or proxy for risk aversion or limits to arbitrage opportunities).

Traders face an inverse asset supply

p=a—u+pz,

where a and /3 are positive scalars, and where u ~ N(0,02) is an aggregate shock.® Such a
supply may originate from the combination of various operations of liquidity traders such as
pension or index funds trading the asset as part of broader market portfolios, along with the
operations of large liquidity suppliers such as central banks trading the asset as part of their
liquidity programs. The planner believes the costs of such as supply to be equal to
~2
. z
(a—u)z+p 5
This specification permits us to equivalently interpret the supply of the asset as coming from a

“representative supplier” with payoff pZ — (o — u) T — 3 %2 In this case, the term o — u proxies

6As usual, the role of this shock is to prevent the price from being fully revealing of the information the
traders collectively possess.



for the opportunity cost for the representative supplier of unloading the asset, and 37%/2 for
a quadratic trading or adjustment cost. Importantly, both the traders and the planner treat
such a supply as exogenous to their own operations.

To simplify the derivation of the equilibrium formulas, we assume that the variables 6 and
u are independently distributed. The results, however, extend to the case where they are
imperfectly correlated. For notational purposes, given any Gaussian random variable h with

variance o2, we denote by 7, = 1/07 the variable’s precision.

2.2 Information

The traders do not know #. They privately collect information about 6 prior to submitting
their demand schedules, but also condition the latter on the information that the market-
clearing price contains about 6 (that is, they account for the fact that the equilibrium price
imperfectly aggregates the traders’ dispersed information about 6).

Formally, we assume that each trader observes a (possibly large) collection of Gaussian
signals about € differing in their noises and in the extent to which such noises are correlated

among traders. Such signals are summarized in a uni-dimensional statistic
si=0+¢

where

& = f(y)(n+e)

is a combination of idiosyncratic and correlated noise. Precisely, the noise variable n ~
N (O,a%) is perfectly correlated among the traders and can be thought of as originating in
the imperfect information contained in the common sources the traders attain to (as, e.g., in
Myatt and Wallace 2012). The variables e; ~ N(0,0?), instead, are i.i.d. among the traders
and can be interpreted as idiosyncratic disturbances, or individual mistakes in interpreting
available information. The variables (6,u,7, (€;)ic01)) are jointly independent. The total
noise in trader ¢’s information ¢; depends on (1, e;) but also on the trader’s investment in
information acquisition, y; € R,. Depending on the context, the latter can be interpreted
as the amount of information acquired by the individual on a market, or by the attention
allocated to exogenous sources of information. The cost of y; is given by a differentiable
function C(y;), with C'(y;),C"(y;) > 0 for all y; > 0.

The idea behind the above information structure is that traders learn from a variety of
(Gaussian) signals of different precision, whose noise is imperfectly correlated among the

traders. It is well known that, in Gaussian environments, each trader’s beliefs about 6 is



summarized by a sufficient statistic whose noise is a combination of a perfectly correlated
term and a perfectly idiosyncratic one. That is, any symmetric cross-sectional distribution of
Gaussian posteriors can be generated by giving each agent a perfectly private and a perfectly
public signal. Because, in this environment, the traders condition on the price, they do
not need to form expectations about the aggregate action in the market. As a result, any
such pair of signals can in turn be summarized in a one-dimensional statistic of the form
s; = 0+ k,n+ kee;, for some scalars k), k.. For our purposes, we assume that these coefficients
are functions of the traders’ information acquisition policy. More acquisition reduces the
traders’ exposure to both types of noise. For tractability, we assume that the marginal effect
of more acquisition on the reduction of the influence of both noises is the same, with the

2

function f taking the form f(y) = y~'/2. Such an assumption allows us to express the

precision of the combined noise term € as

YTeTy

T(y) = —
e n

The analysis is facilitated by the above structure. However, the key insights extend to richer
specifications in which the traders’ information acquisition activity y; = (y;,y¢) is multi-
dimensional, with y" and y¢ parametrizing the traders’ exposure to common and idiosyncratic

noise, respectively.

2.3 Timing

At t = 0, traders simultaneously make their information acquisition decisions (y;)icp,1)- A
t = 1, traders privately observe their signals (s;);cjo1]. At ¢t = 2, the traders simultaneously
submit their schedules. At t = 3, the market clears, the equilibrium price is formed, the

equilibrium trades are implemented, and payoffs are realized.

2.4 Demand schedules

Given her private information I; = (y;, s;), trader i’s demand schedule maximizes, for each

price p, the trader’s expected payoff

12

E (9—]7) T; — >\3i|[z',p

10



taking into account how the price p = P(6,u,n) co-moves with the traders’ fundamental value
6, the supply shock u, and the common noise 7 in the traders’ information. The solution to

this problem is the demand schedule given by

X(p: 1) = 5 (BIO| T, 5] — ) ()

where E[f|1;, p] denotes the trader’s expectation of 6 given the quality of the trader’s infor-

mation, as proxied by y;, the realization s; of the trader’s private signal, and the price p.”

2.5 Information acquisition

At t =0, each trader i € [0, 1] selects y; to maximize his expected profit

E KG —p— %X(p; L;)) X (p; Ii)\yl} —C(yi)

where the expectation is over (s;,0,p), given y;. Following the pertinent literature, we focus
on equilibria and on team-efficient allocations (defined below) in which the market-clearing
price p = P(6,u,n) is an affine function of all aggregate variables (0, u,n), and where all agents
acquire information of the same quality (equivalently, pay the same attention to all relevant

sources), and follow the same rule to map their information into the demand schedules.

3 Inefficiency in the Usage of Information

Fixing the precision of the traders’ private information 7. (equivalently, their information
acquisition activity y; = y, all i), we start by solving for the traders’ equilibrium demand
schedules. We then compare the equilibrium demand schedules to their efficient counterparts
(equivalently, to the decentralized efficient use of information), and discuss the nature of the

inefficiency in the usage of information, and possible policies alleviating the inefficiency.

“Our linear-quadratic model is close to the standard CARA-Normal one except that in the latter the
denominator of the asset demand is the product of the risk aversion coefficient and the conditional variance
of the asset value.

11



3.1 Equilibrium usage of information

In any symmetric equilibrium in which the price is an affine function of (6, u,n), each trader’s

demand schedule is an affine function of her private signal s; and the price p. That is,®
x,=X(p; ;) =a"s; + b* — ¢*p

for some scalars (a*, l;*, ¢*) that depend on the exogenous parameters of the model, as well
as on the quality of the agents’ information y; = y. Aggregating across traders, we then have

that the aggregate demand is equal to

T = /xidi = a* (0 + f(y)n) +b* — &p.

Notice that, given the general informational structure assumed above, although idiosyncratic
errors in signals wash out in the aggregate demand,” the quality of the agents’ information
(parametrized by y) impacts the aggregate demand through its effect on the traders’ exposure
to common correlated noise n. Combining the above expression with the inverse aggregate

supply function p = o — u + 5z, we then have that the equilibrium price must satisfy

7 % * i CV—"ﬁI;* ﬂa*
pzm<a—u+ﬁb + Ba (9+f(y)n)>_1+ﬁé*+1—|—ﬁé*z’ 2)
where
z=0+fly)mn - BZ*' (3)

The information about # contained in the market-clearing price is thus the same as the one

contained in the endogenous public signal

z=0+w,

8The reason why we are denoting the sensitivity ¢* of the equilibrium demand schedules to the price and
the constant term b* in the equilibrium demand schedules with the ”* symbol is that, in the Appendix, we use
the notation (a, b, ¢) to denote the sensitivity of the induced trades (the volume of the asset purchased/sold by
each trader) to the traders’ private information and the endogenous signal contained in the price. We do not
use " for the sensitivity a* of the equilibrium demand schedules to the traders’ private information s; because
that sensitivity is the same no matter whether one looks at the submitted demand schedules or the at the
induced trades.

9This is so since we make the convention that the analog of the strong law of large numbers holds for a
continuum of independent random variables with uniformly bounded variances. The last property holds as
long as the y;’s have a common lower bound strictly larger than 0.

12



where
U

Ba*

is a combination of the common noise 7 in the traders’ information and the shock u to the

w= f(y)n -

supply schedule.
Note that, fixing y, given the sensitivity a* of the traders’ demand schedules to their private
information s;, the precision 7, (a*) of the noise w in the endogenous signal z contained in the

price is given by!"
N o L
Tw(a ) = 22—7] (4)
B2a*t, + ym,

When the price takes the form in (2), the conditional expectation of 6 given s; and p is given
by
Elf]si, p] = E[f]si, 2] = 71(7(a"))si + 72(7(a"))z (5)

where, for any 7,,, the functions ~; and v, are given by'!

_ TeYTy (yTn — T.)
w) — 6
n (T ) y27'3(7'w + T + 7-9) — TwTe (TG + 2y7—77) ( )
and ( )
TolYTn (YT — Te
Ya(T) = == (7)

Y2127 + Te + 19) — TwTe (To + 2yTy)

That is, each trader’s expectation of 6 is a weighted average of her private signal, s;, and the
endogenous public signal contained in the price, z. Note that, in the expressions above and
throughout the rest of the section, we dropped the dependence of the precision 7.(y) on y to
case the exposition. Using (1) and (5), we then have that the coefficients (a*,b*,¢*) in the

affine strategy describing the equilibrium demand schedules satisfy

*

o — TeYTy (yTn — 1u(a%)) (8)

1
XyQTg(Tw(CL*) + T + 19) — Tw(a*)Te (19 + 2yT,;)’

&= C’(a*), and b* = é(a*), where, for any a, the functions C' and B are given by

(1 N )\arg-&-yn,) Tw(@) 6@

YTn Tw (a) +7o

Cla) = — , (9)
B8+ Na+ 8 [(1- Aaim) el — o

Y™

10Because y is held fixed, to alleviate the notation, we drop the dependence of 7., on y and emphasize only
its dependence on a.

1 Again, we drop the dependence of v; (7, (a*;y);y) and y2(7.(a*;y); y) on y to ease the notation, and only
emphasize the dependence of these functions on the precision 7, of the endogenous signal z contained in the
market-clearing price.

13



and
o

EF (Aé(a) - 1) . (10)

From the properties of equation (8), we then have the following result:

B(a) =

Proposition 1. Suppose y; = y for all i, with y fived exogenously. There exits a unique
symmetric equilibrium. The sensitivity of the traders’ equilibrium demand schedules to their
private information, a*, is given by the unique real root to equation 8 and is such that 0 <
a* < % Given a*, the equilibrium values of the other two parameters ¢* and b* defining the

equilibrium demand schedules are given by the functions (9) and (10).

Fixing the quality of the traders’ private information y, the equilibrium demand schedules
are thus obtained by solving a familiar fixed-point problem in which (a) the traders correctly
account for the information contained in the market-clearing price, and (b) the latter is con-
sistent with the submitted demand schedules. The novelty relative to previous work is the
presence of common correlated error in the traders’ information, 7, which affects both the

submitted schedules and the statistical properties of the market-clearing price.

3.2 Efficient Use of Information

We now isolate the inefficiencies in the submitted limit orders, by focusing again on the case

in which the precision of the traders’ private information is exogeneous.

3.2.1 Welfare losses

Ex-post total welfare is given by

1 -
WE/ <9mi—éx?>di—<a—u+ﬁ§)i.
0 2 2

The integral term is the total gross payoff that the traders derive from purchasing the asset.
The remaining term is the supply cost. The payoffs are net of the expenses used to purchase
the asset which are believed to be a zero-sum transfer between the traders and the relevant
asset suppliers. It is easy to see that, under complete information, the allocation (equivalently,
the trades) that maximizes total surplus are given by x; = x° for all 4, with'?

o

0+u—a
x —_—

o (11)

12Gee the Appendix for the derivation.
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Under the first-best allocation, (ex-post) total welfare is then given by
We = (9—%9&0) x° — (a—u—i—ﬁ%) x° = (8+u—a—¥xo> x°.

WL =E[W°] —E[W]

Next, let

denote the (ex-ante) expected welfare losses that arise when the traders purchase the asset in
quantities different from the first-best level, due to imperfect information. Under any strategy
profile for the agents in which X (p; I;) is affine in s; and p, the welfare losses can be expressed

as follows (the derivations are in the Appendix):

(8 + NE[( — 2] + AEl(z; — 5]

L:
W 2

(12)

The term E[(Z — 2°)?] captures the losses due to the discrepancy between the aggregate level
of trade Z and its first-best counterpart, z°. The term E[(x; — Z)?], instead, captures the losses

due to the dispersion of the individual trades around the average level.

3.2.2 Team Problem

Consistently with the rest of the literature (see, among others, Vives 1988, Angeletos and
Pavan 2007, Amador and Weill 2012, Myatt and Wallace 2012, and Vives 2017), we define
the efficient use of information as the traders’ strategy (that is, the collection of demand
schedules) that minimizes the ex-ante welfare losses, subject to the constraint that the traders’
demand schedules (equivalently, the trades) be affine in their private signal and the price.
While the welfare definition accounts for the costs of supplying the asset, the solution to the
above team problem naturally respects the exogeneity of the asset supply. This permits us
to isolate the inefficiencies that originate in the traders’ usage of information. Accordingly,
(aT, ZA)T, ¢T) identifies the efficient use of information if, whenever all traders submit the demand
schedules z; = aT's; +b7 — ¢T'p, the welfare loses are as small as under any other affine schedule
z; = d's; + b — dp.'3 Paralleling the analysis of the equilibrium use of information in the
previous subsection, we have that, when all traders submit the above demand schedules, the
information contained in the market-clearing price is the same as the one in the endogenous
signal
z2=0+w

13 Again, we use the symbol ~ to distinguish the efficient demand schedules from the efficient trades.
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where the noise
U

ez

has the same structure as in the equilibrium usage of information.

w= f(y)

Lemma 1. For any sensitivity a of the demand schedules to the traders’ private information,
the values of ¢ and b in the demand schedules that minimize the welfare losses are given by

the same functions (9) and (10) that define the equilibrium usage of information.

Using Lemma 1, we can express the welfare losses as a function of a and the precision

B2a*yT,T,

To(a) = B2a’t, +ym,

of the endogenous signal z contained in the market-clearing price as follows (see the Appendix

for the formal proof):'*
2
T Tw(a) T Tw(a)
WL(a _ (a)) _ [(1 — )\CL — )\Gﬁ) m] N )\2CL2 N )\CL <]_ — /\a — /\Gﬁ) m
o 2(6+ ) 7(a) 2(8+\)ym, (B+ Ny,
(13)

2
[1 — \a — (1 —)\a—)\aT—9> T“—@] a2

Yy ) Tw(a)+Te

- +—.
2(B+X)70 2y7

The last term Aa?/y7. in W L(a, 7,(a)) represents the welfare losses due to the dispersion
of individual trades around the average trade. The other terms represent the losses due to the
volatility of the aggregate volume of trade around its first-best level. Both losses are computed
under the optimal choice of ¢ and l;, using the result in Lemma 1.

The efficient level of a, which we denote by a’, is thus the value of a that minimizes

W L(a,7,(a)). Now let

2
T€B2y47'f717'u (1 —\a — )\ay%"n)
N (B2aT, + yry)? (Tula) + 1)

yTeTsﬁ (Tw<a> + TG)
AT,

m
2
I

We then have the following result:

“Note that, given (a,79,7y,y,7e), Tu affects WL only through its effect on 7,(a). Hence, holding
(a, 79,7y, y, Te) fixed, changes in 7,,(a) can be thought of as originating in changes in 7.
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Proposition 2. Suppose that y; = y for all i, with y fived exogenously. The team problem
has a unique solution. The efficient sensitivity a’ of the traders’ demand schedules to their

private information is implicitly given by

TeyTn(yTn — Tw (aT))

1
T+
A7 (Tu(al) + 7e 4+ 79) — 7 (a®)7e (79 + 2y7y) + Z(aT) + AlaT)

a =

(14)

and is such that 0 < aT < 1. Given a”', the other two parameters defining the efficient

1
S
demand schedules, ¢* and 0T, are given by the same functions in (9) and (10) that describe
the corresponding coefficients under the equilibrium usage of information.

When, for any a, b and ¢ are set optimally, the welfare losses W L(a, 7,(a)) are a convex
1

function of a reaching a minimum at a = a”, with 0 < a7 < 1+ Note that the equation
that determines the value of a” differs from the one that yields the equilibrium value of a*
only by the two terms Z(a) and A(a) in the denominator of the right-hand side of (14). The
first term, Z(a), is a pecuniary externality that arises because the traders do not internalize
that their demand schedules impact the co-movement between the market-clearing price and
the aggregate shocks (u,#,n), which, in turn, impacts the way the equilibrium trades co-
move with these variables, the volatility of the aggregate volume of trade, and ultimately
the other traders’ payoffs and the various costs associated with the supply of the asset.'”
Importantly, the pecuniary externality is independent of the informational content of the price.
The term Z(a) is always positive, thus contributing to an over-reaction of the equilibrium
trades to private information. Essentially, traders respond strongly to their private information
because they don’t internalize the aggregate price movements that follow. The social planner,
instead, internalizes such movements and demands that traders respond less to their private
information.

The second term, A(a), is essentially a scaling of

OW L(a, 1,(a)) 01,(a)
Ot,(a) da

Therefore, this term can be thought of as a proxy for the information externality that orig-
inates in the fact that traders do not internalize how their demand schedules impact the
informativeness of the equilibrium price and hence the possibility for other traders to respond
to the relevant shocks. This term is always negative thus contributing to under-reaction of

the equilibrium demand schedules to private information. Essentially, traders do not consider

15The market incompleteness responsible for such an externality is the impossibility to insure against id-
iosyncratic variations in ex-post consumption due to variations in the returns to the asset purchases originating
in dispersed information.
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that responding more to their private information leads to a more informative price and hence
to more efficient trades. The social planner, instead, internalizes this effect and asks that the
traders respond more to their private information.

The two externalities in turn reflect the two fundamental roles played by prices in financial
markets: as a proxy for the cost of trading, and as a source of information about the relevant

payoffs, as we will discuss in Subsection 3.2.4.

3.2.3 Fictitious Environment

To shed more light on the role of the above externalities, it is useful to consider a fictitious
environment in which traders are naive in that they do not recognize the information contained
in the market-clearing price. Such a benchmark is similar in spirit to the (fully) cursed
equilibrium of Eyster and Rabin 2005. To facilitate the comparison to the true economy,
further assume that, in this fictitious environment, each trader, in addition to receiving the
private signal
si=0+ fly)n+ fy)e;
=¢;

as in the baseline model, also observes an exogenous public signal

z2=0+ f(y)n+x
=

whose structure is the same as the one of the endogenous public signal contained in the market-
clearing price, but with the endogenous noise —u/fa replaced by the exogenous one x, with
the latter drawn from a Normal distribution with mean zero and variance 7.7 ! independently
of all other variables (this shock is the same for all traders).

As we show in the Appendix, in the cursed equilibrium of this fictitious economy, traders

submit affine demand schedules x; = a,,s; + b, + ¢,z — d*,,p, Where the sensitivity of the

EeETO EX0

traders’ demands to their private information is given by

_ l TeYTy (yTﬂ — TC)
ero ANYATE(Te + Te + 7o) — TeTe(To + 2y,

(15)

Note that the formula in (15) is similar to the one in (8) in the baseline economy, except for the
fact that the precision 7,(a) of the endogenous public signal contained in the market-clearing
price is replaced by the precision 7 of the exogenous public signal about 6.

Now suppose that, in this fictitious economy, the planner can select a but, given the
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latter, is constrained to choose (l;, ¢, cZ) to maintain the same relationship between a},, and
(IA);O, Cr o d;w) as in the cursed equilibrium. ' The level of a that maximizes ex-ante welfare

is then equal to

YT (YTy — 7¢)

(16)

> =

exo Ter2B(Te+719)
yQTg (T¢ + Te + 19) — T¢Te (To + 2yTy)) + YT ATeTT0) "ﬁ)\seﬁ 0)

T

Lo 18 similar to the one for a’ in the baseline model, except for the

Again, the formula for a
fact that 7,(a) is replaced by 7¢ and the term A(a) in the denominator of the expression
giving the socially-optimal level of a in the baseline model is equal to zero, reflecting the fact
that the agents do lot learn from the price. Note that yTngﬁ (1¢ + 79) /AT has exactly the
same form as the pecuniary externality =(a) in the baseline model. Hence, in this fictitious
economy, the cursed-equilibrium demand schedules unambiguously feature an excessively high
sensitivity to private information relative to the solution to the planner’s problem: a*,, > aZ .

Furthermore, when the precision of the exogenous public signal in the cursed economy is the

same as the precision of the endogenous public signal under the solution to the planner’s

T

ozo Are easily

problem in the baseline model (that is, when 7, = 7,,(a”)), the values of a” and a
comparable and al,, coincides with the solution to the equation OW L(a”,7,(a”))/da = 0.
Relative to the solution to the planner’s problem in the cursed economy, the planner in the
true, baseline, economy recognize the value of increasing the precision of information contained
in the price and thus demands that traders increase the sensitivity of their demand schedules

to their private information (a” > aZ).

3.2.4 Sign of externalities and slope of demand curves

We now return to the economy in which both the traders and the planner account for the
information contained in the market-clearing price. Whether the sensitivity of the equilibrium
demand schedules to the traders’ private information is excessively high or excessively low
(compared to the efficient level a”) then depends on which of the two externalities described
above prevails. Comparing (8) with (14), we have that the sign of (a* — a”) equals the sign
of Z(a’) + A(a’). When Z(a’) + A(a’) = 0, the two externalities cancel each other out, the

16Whereas, in the baseline economy, choosing bT and &7 to satisfy the same relationship between a* and
(l;*, ¢*) as in equilibrium is without loss of optimality for the planner, as we showed above, in the fictitious
economy, this need not be true. However, imposing the restriction permits us to isolate the relevant effects. It
is also possible to show that, given a, a planner who expects p to be orthogonal to (6,7n), as do the traders in
the cursed economy, optimally chooses (l;, ¢, CZ) to satisfy the same relationship between these coefficients and
a as in the cursed equilibrium (the proof is available upon request).
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Figure 1: The blue solid line corresponds to a’ while the orange dashed line represents the
sum of the two externalities A(a”) + Z(a”). The parameter values used for this simulation
are \=fF=71.=7,=179=1,7,=30,and 1 <y <5,

submitted schedules are inelastic (i.e., ¢!’ = 0) and a* = a’ (see Lemma 2 in the Appendix).
When Z(a’) + A(a”) > 0, the pecuniary externality dominates, ¢I' > 0 (the efficient demand
schedules are downward sloping) and the equilibrium features an excessive response to private
information. When, instead, Z(a’) + A(a’) < 0, the information externality dominates,
¢ < 0 (the efficient demands are upward sloping) and the equilibrium response to private
information is insufficiently low.

It is worth noting that if the traders were restricted to submitting market orders (like in a
Cournot model), then the usage of information would be efficient since the two externalities
would not be present (See Subsection 6.2 for a formal proof of this result).

Using simulations, it is possible to nail down the effect of variations in the quality y of
the traders’ private information on the two externalities and on the slope of the efficient
demand schedules. Figure 1 depicts the sensitivity of the traders’ efficient demand schedules
to their private information a” (solid blue curve) as well as the sum of the two externalities
Z(a”) + A(a”) (dashed orange curve), as a function of the quality y of the traders’ private
information.

As y increases, the efficient response a’ to the traders’ private information increases,
reflecting the higher value of responding to more accurate private information. Furthermore,
because both = and A increase with a®, a higher y contributes to a higher value of Z(a?) +

A(a™) via the indirect effect that y has on the two externalities through a”.
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Figure 2: The blue solid line corresponds to ¢’ whereas the orange dashed line represents the

—_

sum of the two externalities A(a”) 4+ Z(a”). The two curves switch signs for the same value
of y. The parameter values used for this simulation are A\ = 8 =717. =17, =1 =1, 7, = 30,
and 1 <y < 5.

In addition, holding a” fixed, we have that y has a direct effect on both Z(a”) and A(a”).
Whereas =(a”) is increasing in y, A(a”) is decreasing. Combining the direct with the indirect
effects, we then have that =(a’) unambiguously increases with y, whereas A(a’) is non-
monotonic in y. For small values of y, the sum of the two externalities is negative and
decreasing in y, whereas, for sufficiently high values of y, the sum of the two externalities is
positive and increasing in y, as can be seen from Figure 1.

Next, we turn to the relationship between the two externalities and the slope of the efficient

T Figure 2 depicts the sensitivity ¢’ of the efficient demand schedules

demand schedules, ¢
to the price (the solid blue curve) along with the sum of the two externalities A(a?) + Z(a”)
(the orange dashed curve), as a function of the quality y of the traders’ private information.
The two curves switch sign for the same value of y. As explained above, when the traders
possess high quality private information (high values of y), the marginal value of generating
additional information through the price is low and the pecuniary externality dominates over
the information externality, so that Z(a”)+ A(a”) is positive and increasing in y. In this case,
¢! is positive meaning that the efficient demand schedules are downwards sloping, as they
would be in an economy in which the fundamental value of the asset # is known to the traders.
When, instead, the traders possess low quality private information, the information externality

dominates over the pecuniary externality so that Z(a”)+A(a”) is negative and first decreasing
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T is negative meaning that the efficient demand

and then increasing in y. In this case, ¢
schedules are downwards sloping, reflecting the high sensitivity of the traders’ estimates of
the fundamental value of the asset 6 to the price, relatively to the sensitivity of the same
estimates to their private information.

We conclude this subsection by highlighting the role that the common noise 7 in the traders’
private information plays for the sign and magnitude of the two externalities identified above.
Unsurprisingly, both a* and a” are increasing in 7, reflecting the fact that responding to
private information is more valuable (both for the traders and for the planner) when it is less
affected by correlated noise and hence more precise. Similarly, holding a fixed, the precision
7.(a) of the endogenous signal z contained in the market-clearing price naturally increases
with 7,), reflecting the fact that the noise in the traders’ signals becomes less correlated when
T, increases and, as a result, washes out more at the aggregate level, making the price more
informative, for given demand schedules. Furthermore, fixing a’, the absolute value of both
Z(a’) and A(a”) increases with 7, reflecting the larger role that either externality plays when
the noise in private signals is less correlated. However, whereas the pecuniary externality
E(a’) increases with 7, the information externality A(a’) decreases with it. Combining all
of the above effects, we then have that the sum of the two externalities Z(a”) + A(a”) can be

non-monotonic in 7,,, depending on the other parameters’ values.

3.3 Policies inducing efficient trades

Next, we discuss policies that correct the inefficiencies in the usage of information identified
in the previous subsections, once again holding fixed the quality of the traders’ information y

for the time being.

Proposition 3. Suppose that y; =y for all i, with y fixed exogenously. The efficient use of
information can be implemented with a policy that charges the traders a total tax bill equal to

T(x;,p) = g:cf — tox; + tpx;, where

A (E(a”) 4+ Aa®))
y212(1,(aT) + 7 4 19) — Tw(aT) T (19 + 2yT)

5:

o Tw(aT
a(mula”) = 2852 [(1-Ma” - xa” ) b — ga] - g’

tp = ,
% [(1 —aT — )\aTT—9> _Twlal) BGT} + Ba”

Yt ) Tw(a®)+To

and

a(A+5+ (1+1,)8)

to=(1+1 —
0 (+p)a /6+)\
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The efficient use of information can thus be induced through a combination of a linear-

g
2

of the asset purchased), along with a linear ad-valorem tax ¢,pz;. The role of ¢ is to manipu-

quadratic tax 2x? — tox; on the individual volume of trade (equivalently on the quantity
late the traders’ adjustment cost (from A to A + §). This manipulation suffices to induce the
traders to submit demand schedules whose sensitivity to their exogenous private information
is equal to the efficient level a”. The role of the linear ad-valorem tax is to guarantee that,
once the sensitivity a coincides with the efficient level a”, the sensitivity ¢ of the equilibrium
demand schedules to the price coincides with the efficient level ¢7. In the absence of such
a correction, the traders fail to submit the efficient demand schedules even if they respond
efficiently to their private information.

Finally, the role of the linear tax tox; on the individual volume of trade is to guarantee that

the fixed part b of the demand schedule also coincides with its efficient counterpart bT.

4 Inefficiency in information acquisition and policy cor-

rections

We now investigate whether efficiency in trading (equivalently, in information usage) implies

efficiency in the acquisition of private information.

4.1 Inefficiency in acquisition

We start by considering the case where efficiency in usage is induced by controlling directly
the agents’ usage of information, that is, by imposing that the traders submit the efficient
demand schedules z; = as; + b7 —éTp. We then consider the case where efficiency in usage is
induced through the policy in Proposition 3. In both cases, we find that agents do not acquire
information efficiently. We conclude by considering richer families of policy interventions
which permits us to uncover both an impossibility and a couple of possibility results.

Let 47 denote the socially optimal precision of private information and (a,b”,¢7) the
coefficients describing the efficient demand schedules when the precision of private information
is y7. Next, let E[WT; 7] denote ex-ante gross welfare when all traders acquire information of
quality ¢ but then submit the efficient demand schedules for information of quality y? (that
is, the schedules corresponding to the coefficients (a”, b7 ¢T)). Such a welfare function is gross
of the costs of information acquisition. Finally, let E[r!;y;, 3] denote the ex-ante gross profit
of a trader acquiring information of quality y; when all other traders acquire information of

quality g, and all traders (including i) submit the efficient demand schedules for information
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of quality y” (that is, the schedules corresponding to the coefficients (a7, ¢T) mentioned
above). The payoff is again gross of the cost of information acquisition. We then have the

following result:

Proposition 4. Let yT denote the socially optimal quality of private information and sup-
pose that all traders are constrained to submit the efficient demand schedules for information
of quality y* (parametrized by (aT,I;T,éT)). When ¢ > 0 (i.e., when the pecuniary exter-
nality dominates over the information externality so that the efficient demand schedules are
downward sloping),

OE[r]; i, 9 _ OEWT:g]

ayz ag g=yT

yi=g=yT
whereas the opposite inequality holds when ¢&' < 0 (i.e., when the information externality
dominates over the pecuniary externality and, as a result, the efficient demand schedules are

upward sloping).

Using the envelope theorem, we show in the Appendix that y” solves the optimality con-

dition
IE[WT; 7]

7 =C'(y"). (17)

g=yT

Because E[n!;y;, ] is strictly concave in y;, the result in the proposition implies that, when
¢ > 0 (i.e., when the pecuniary externality dominates over the information externality and
the efficient demand schedules are downward sloping), a trader who expects all other traders
to acquire information of quality y? has incentives to acquire information of quality higher
than the efficient level y*. Recall from the previous section that, in such situations, in the
absence of policy interventions, agents over-respond to private information. The result in the
last proposition then implies that, forcing a trader to respond less to his private information
comes with the undesirable effect of inducing him to over-invest in information acquisition.

When, instead, ¢ < 0 (i.e., when the information externality dominates over the pecuniary
externality and the efficient demand schedules are upward sloping), in the absence of policy
interventions, the trader would under-respond to private information. The result in the last
proposition then implies that, in such a situation, forcing the trader to trade efficiently would
induce him to under-invest in information acquisition.

In the special case in which ¢ = 0 (that is, when the efficient demand schedules are inelas-
tic and hence can be implemented with market orders), in the absence of policy interventions,
a trader endowed with information of quality y? would trade efficiently. In this case, when
information is endogenous, the trader would acquire information of efficient quality y”, even

in the absence of policy interventions.
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The next result shows that the properties of individual best responses discussed above are

inherited by the equilibrium choices.

Proposition 5. Let y? denote the socially optimal quality of private information and suppose
that all traders are constrained to submit the efficient demand schedules for information of
quality y*  (parametrized by (aT,l;T,éT)). When ¢&' > 0 (i.e., when the efficient demand
schedules are downward-sloping), the quality of private information acquired in equilibrium is
higher than y*, whereas the opposite is true when ¢ < 0 (i.e., when the efficient demand

schedules are upward-sloping).

Note that the last two results hinge on 7,, € (0, +00). When 7,, = 0, the noise in the agents’
private signals is infinite, making the signals worthless both for the individual traders and for
the planner. When, instead, 7, — +o00, the correlated noise in the agents’ private signals
disappears, in which case the aggregate volume of trade becomes invariant to the quality of
the traders’ private information for a given trading schedule. In this case, holding the demand
schedules fixed, the only effect of an increase in the quality of the traders’ private information
on welfare is through the reduction in the dispersion of individual trades around the aggregate
trade. Because this effect is weighted equally by the planner and by the individual traders,
the private and the social value of information coincide in this case, which guarantees that
traders acquire information of efficient quality.

The above propositions thus help clarifying that the results obtained in the previous lit-
erature establishing that efficiency in trade implies efficiency in information acquisition hinge
on the simplifying assumption that the noise in the traders’ information is uncorrelated and
unaffected by individual investments in information acquisition.

When, instead, the noise in the traders’ information is correlated and endogenous, policies
that force the traders to submit the efficient limit orders may induce the traders to over-
investing (alternatively, under-investing) in information acquisition. As explained above, this
is because traders fail to internalize both how their private information affects the covariance
of the aggregate volume of trade with all the relevant payoff shocks and the ability of other
traders to learn from prices.

Recall that, for small y, the information externality dominates over the pecuniary external-
ity and demand schedules are upward sloping whereas, for large y, the pecuniary externality
dominates and the demand schedules are downward sloping. The above results thus also imply
that, when traders are constrained to trade efficiently, as technological progress makes infor-
mation cheaper (that is, the cost of information acquisition decreases), the economy eventually

enters into a regime of over-investment in information acquisition.
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Figure 3: The first panel shows market depth, the second shows price volatility, and the third
shows price informativeness. In each panel, the blue solid curve corresponds to the laissez-faire
economy, whereas the orange dashed curve corresponds to the solution to the planner problem.
The z-axis in all three panels shows the value of B that parametrizes the cost of acquiring
information. The other parameter values are A = 8 = 1.3, 7. = 0.8, 7, = 0.6, 79 = 0.1, and
7. = 30.

In developing an understanding of these inefficiencies on asset pricing variables, it is helpful

to define three additional variables.

Definition 1. [market quality variables| Let market depth be the inverse of the sensitivity
of the price to the supply shock u: MD = (3—5)71 = 1+ B¢. Let the wvolatility of the price
be: o, = (Var [p])%. Finally, let the informativeness of the price be the precision of the

endogenous signal contained in the price: 7.

In the panel of figures below, we show the values of these variables as the cost of acquiring
information increases for the market levels of acquisition and usage and the efficient levels of
acquisition and usage. We assume a quadratic cost of information (specifically that C(y) =
ng), and adjust this function by changing the scalar B. The simulations show that as the
cost of information acquisition decrease (moving from right to left along the z-axis) market
depth, price informativeness, and price volatility all go from being inefficiently low, to being
inefficiently high.

We also obtain the following numerical result:

Numerical result: When ¢&' > 0 (i.e., downward-sloping efficient demand schedules),
the equilibrium in the absence of policy interventions features excessive acquisition of private
information and excessive sensitivity of the demand schedules to private information, i.e.,
y* >yl and a* > aT, as well as inefficiently high price volatility, market depth and price
informativeness. The opposite is true (i.e., y* < y* and a* < a’) when ¢& < 0 (i.e., with

upward-sloping efficient demand schedules). As the cost of acquiring information decreases,
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the economy moves from the second regime to the first.!”

To see this result, we show what happens to é', a* — a’, and y* — y?, as the cost of

acquiring information changes.

0.05 T
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Figure 4: The blue solid curve shows the slope of the efficient demand curve. The orange
dashed curve shows the inefficiency in information acquisition, where a positive number means
inefficiently high acquisition, and a negative number means inefficiently low acquisition. The
yellow dotted curve shows the inefficiency in the sensitivity of the demand schedules to private
information, where a positive number means inefficiently high sensitivity, and a negative
number means inefficiently low sensitivity. The z-axis is the value of B that parametrizes the
cost of information C(y) = Zy2. The parameter values in the simulations are A = g = 7, =
T, = T9 = 1, and 7, = 30.

4.2 Policy

We now address the question of whether efficiency in information acquisition can be induced

through an appropriate design of fiscal policy, in a world where the traders can be forced

1" To obtain the result, we simulated the model 1,000 times drawing the parameters T,, Te, Tns To, A, and f
uniformly from a distribution between 1 and 30. The cost function of acquiring information in the simulations
is C(y) = By?, with B drawn uniformly from a distribution between 0 and 0.01. In all the 1,000 simulations,
the sign of ¢*', y* —yT, and a* — aTis the same.
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to submit the efficient demand schedules (we address the more relevant question of whether
efficiency in both acquisition and trade can be induced through an appropriate fiscal policy
at the end of the section).
Proposition 6. Lety” denote the socially optimal quality of private information and (a”, b7, el
the coefficients describing the efficient demand schedules when the quality of information is
yT.  Suppose all traders are constrained to submit the demand schedules corresponding to
(aT,IA)T,éT) but can choose the quality of private information. The traders can be induced to
acquire information of quality y* by charging them a tax bill T(p, z;) = fppxi with

j, = 2lwle)) b

Ba®

where 7y is the function defined in (7).

That is, if traders can be trusted to trade efficiently, then efficiency in information acqui-
sition can be induced through a simple ad valorem tax/subsidy on traders’ total expenditure
pz; (equivalently, with a familiar proportional tax/subsidy on the price of the asset, similar
to those often discussed in the policy debate). The result, however, hinges on the traders
being forced to trade efficiently (that is, on them submitting the efficient demand schedules
for quality of information y*).

We now address the more relevant question of whether efficiency in both information
acquisition and information usage can be induced through an appropriate design of the fiscal
policy. In the previous section, we showed that, when the quality of information is exogenous,
efficiency in information usage can be induced through a combination of a linear-quadratic
tax on the individual volume of trade paired with a tax/subsidy on the price (both rebated in
a lump-sum manner, if desired). Based on other results in the literature, one may conjecture
that the same policy mix also induces efficiency in information acquisition. The next result
shows that this is not the case. If the planner were to use the tax T'(p, x;) in Proposition 3
(applied to ¥ = y”) that induces the traders to submit the efficient demand schedules when
y; is exogenously fixed at y; = y7 for all i, then, when the quality of private information is
endogenous, the traders would acquire information of quality other than y? and then submit
demand schedules other than the efficient ones. More generally, the next proposition shows
that there exists no policy measurable in the individual volume of trade and in the price of

the financial asset that induces efficiency in both trading and information acquisition.

Proposition 7. Generically (i.e., with the exception of a set of parameters of zero Lebesgue
measure), there ezists no policy T (x;, p) that induces efficiency in both information acquisition

and information usage.
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The result is established in the Appendix by showing that any policy that induces the traders
to submit the efficient demand schedules once they collect the efficient amount of private
information y? must coincide with the one in Proposition 3 (applied to § = y?), except for
terms that play no role for incentives. However, any such a policy induces the traders to
misperceive the marginal value of their private information (around the efficient level y*) and
hence to collect an inefficient amount of private information.

We can establish two possibility results to induce efficiency in both information acquisition
and information usage. The first is when information acquisition is verifiable and the second
even when is not by conditioning the marginal tax rate on the aggregate volume of trade.
The second route requires thus the tax bill to be contingent on information other than the
individual volume of trade x; and the price of the financial asset p.

When the acquisition of information is verifiable (e.g., when traders acquire information
of verifiable quality from known sources), a Pigouvian tax/subsidy on the expenditure on

information acquisition is enough to complement an efficient tax policy:

Proposition 8. Lety” denote the socially optimal quality of private information and (o™, b7, ¢T)
the coefficients describing the efficient demand schedules when the quality of information is
yT. Suppose that the acquisition of private information is verifiable and let T"' denote the
policy defined by

4]
TtOt(miap: yz) = §$12 — tox; + tppxi — Ayz

where (0,1,,t0) are as in Proposition 3 and

(a")’ [B8(B+NET B, +6] 8 (a")’
27, (72 L (14 B2 T 1+BET | ar, (y7)?

The above policy induces efficiency in both information acquisition and information usage.

Simulations show that A < 0 when ¢ > 0 and A > 0 when ¢ < 0. That is, expenses on
information acquisition are taxed when the efficient demand schedules are downward sloping
and subsidized when they are upward sloping, reflecting the fact that, under the policy of
Proposition 3, agents over-invest in information acquisition in the former case and underinvest
in the latter.
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Figure 5: The blue solid line corresponds to ¢ whereas the orange dashed line represents the
subsidy/tax A on information acquisition (scaled by a factor of 10 for readability). The two
curves switch signs for the same value of y. The parameter values used for this simulation are
A==t =7,=179=1,7,=30,and 1 <y <5.

When information acquisition is not verifiable it is still possible to design an efficient tax

policy but at the cost of more complexity in the tax/subsidy schedule:

Proposition 9. There ezists a (linear-quadratic) tax

*

)

that induces efficiency in both information acquisition and trade.

As anticipated above, the contingency ti7 of the marginal tax rate 0T*(x;, Z,p)/0x; on the
aggregate volume of trade ¥ is essential to induce efficiency in both acquisition and trade.
As we show in the Appendix, with the above policy, the planner can equalize the expected

marginal tax rate

0

z;=aT s;+bT —&Tp; yi=y

T
of each individual who acquires information of quality y; = y? and then trades efficiently with
the discrepancy

E[0|zs, piyisy"] = p — Az

wi=aT s;+bT =T p; y;,y T
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between the marginal benefit and the marginal cost of expanding the trades around the efficient
level z; = aTs; + b7 — ¢’'p. Eliminating such a discrepancy is essential to induce efficiency
in trades. Importantly, the new contingency provides the planner with flexibility on how to
eliminate such a discrepancy (when, instead, the policy depends only on x; and p, there exists
a unique way of eliminating such a discrepancy, as shown in the proof of Proposition 7). This
extra flexibility in turn can be used to realign the marginal private value of more precise
private information to its social counterpart, something that is not possible when the policy
depends only on z; and p. In the proof in the Appendix, we also show that the policy that
implements efficiency in both information acquisition and trade is in fact unique up to terms

that do not matter for incentives.

In many markets of interest, only simple ad-valorem taxes and/or explicit or implicit
subsidies to information acquisition are used, either because of their simplicity or because of
their political expediency. An open question is how effective policy interventions based on
such simple instruments are at improving upon the market solution, a topic that we plan to
explore in future work. See also Davila and Walther (2021) for a study of corrective taxation
in environments where the Government’s interventions are limited because some agents or

certain activities cannot be regulated.

5 Conclusions

We relate the sources of inefficiency in trading in financial markets to those in the collection
of private information. We show that, when the private information the traders collect prior
to submitting their demand schedules is exogenous, inefficiency in trading can be corrected
with a an appropriate combination of ad-valorem taxes with non-linear subsidies/taxes on
the volume of individual trades. When information is endogenous, instead, and the noise in
information is correlated among traders, any policy measurable in the price of the financial
asset and in the volume of individual trades that induces efficiency in trading fails to induce
efficiency in information acquisition. However, the above negative result can be turned into a
positive one by conditioning the marginal tax rates on the aggregate volume of trade or, when
feasible, by subsidizing the acquisition of private information when the latter is verifiable.

A key driver for the identified inefficiencies is the correlation in the noise in the traders’
private information. In future work, it would be interesting to extend the analysis to a broader
class of economies in which financial decisions interact with real decisions and in which agents

trade multiple assets over multiple periods.
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6 Appendix

6.1 Omitted Proofs and Extended Derivations

Proof of Proposition 1.
As explained in the main text, when the traders submit affine demand schedules with param-
eters (a, b, ¢), the equilibrium price is equal to
o+ Bl; Ba U
= ~ + 0+ - — .
1+p¢ 1+ pe¢ ( 1) Ba)
The information about 6 contained in the equilibrium price is thus the same as the one

p

contained in a public signal

z=04w,
with noise
o - =
W = —_
ym Ba
of precision'®
/BZGQyTuTn

To(a) = (

p?a?t, + yTn>.

In turn, this implies that the equilibrium trades x; = as; + b— ¢p are affine functions of the
traders’ exogenous private information s; and the endogenous public information 2z contained
in the price. That is, when the endogenous public information contained in the price is

equivalent to z, a trader with private signal s; purchases an amount of the asset equal to

ri=as; +b+cz

where A
~ L a+pb
b=10— 1
11 pe (18)
and
Bac
— . 19
‘T T 11ge (19)

For each vector (a, l;, ¢) describing the traders’ demand schedules, there thus exists a unique
vector (a, b, c) describing the traders’ equilibrium trades as a function of their (exogenous)
private information, s;, and (endogenous) public information, z, and vice versa. Hereafter,
we find it more convenient to characterize the equilibrium use of information in terms of the
vector (a,b,c) describing the equilibrium trades. When the individual trades are given by

x; = as; + b+ cz, the aggregate trade is equal to
= /:z:l-di =a(f+ f(y)n) +b+cz.

18To derive 7,(a) we use the fact that f(y) =1/\/y.
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Using the fact that 2 = 6 + f(y)n — 55, we thus have that

u u
—)+b+cz=(a+c)z+ = +0.
BJ (a+¢) 3

Using the expression for the inverse aggregate supply function p = o — u + Sz from the

T=a(z+

representative investor, we then have that the equilibrium price can be expressed as a function

of a and the endogenous public signal z as follows:
p=a+ b+ B(a+c)z. (20)
Next, observe that

E[0|1;,p] = E[0]s;, 2] = [ Cov(0,s;) Cov(b,z) ] C‘;zgsli) C;Z(:(Z;) ] [ Szi : EE]]
— [ 02 o2 } o5 + 07 oh + f(y)Qaf? B [ s; — El[sy]
o oj + f(y)?o;  of+0’(a) z—E[z] |’

2 _
2=

variance-covariance matrix, we have that

where 02 = 7,1, 02(a) = 7,(a) "}, o

o 7, ", and o = 77" Substituting for the inverse of the

1
R v O B Oy e e T
E 02}[ 7+ 3(a) —<a§+f<y>zo%>”si—ﬂsi1
S N AL I R *—ElZ]

Expanding the quadratic form, we have that

L o8 (o2(0) — S(5)°02) .
S I ) - O R R [
. o; (07 = f(y)*o7)

(73 7 7)ok + o2@) ~ @+ FPoR)

(z — E[2]).

Simplifying, and using the fact that o7 = 7, 02(a) = 7,(a)™!, 02 = 7,7}, 02 = 77!, and
f(y) = 1/\/y, we have that
1 ( 1 L)
T Tw(a) YTn
Elflsi,z] = 57— 01 T 1 T 2(3z E[si])
(g + T—e)(g + Tw(a)) — (79 E)
i(i_gﬁ
To Te YTn
Tty d — (2 — E[2]),
(E + E)(E + Tw(a)) - <E ﬁ)



from which we obtain that
YT (1 — T;;—i?)
Y212 (7 + Tw(a) + 70) — TeTw(a) (7o + 2yTy)
YT (a) <1 — 1/%)
Y272(7e + Tw(a) + 70) — 7e7(a) (1o + 2yTy)
Finally, using the fact that E[s;] = E[z] = 0, we have that

E[f]s;, 2] =

(si — E[si])

+ (= — E[2]).

E[f|si,z] = m(7w(a))si +12(7.(a))z
where!” : @)
B Tyt (Y7 — Twla
) = e @ e+ ) — (@) (7 4 29m) 2
and

() = g O W ) = (1-nlnta)

Y272 (1o(a) + 7 + 19) — Tw(a)7e (7o + 2yTy)

To + YTy T.(a)
YTy ) Tw(a) + 79
(22)
Now recall that the equilibrium trades must satisfy

1
v = 1 (Elsi 7]~ p).
Using the fact that p = a + b+ B(a + ¢)z, and the characterization of E[f|s;, z] from above,

we thus have that

1
zi = yn(m(a)si = (a+ ) + ((r(a)) = Bla+c) 2.
We conclude that (1) the sensitivity of the equilibrium trades to private information must
satisfy

N 71 (70(a))
a=-——" (23)

(2) the sensitivity of the equilibrium trades to the endogenous public information must satisfy

¢ =+ (a(r(@) - Bla+ ),

A
and (3) the constant b in the equilibrium trades must satisfy
b
— J;B . (24)

Replacing the expression for v;(7,(a)) in (21) into (23), we thus conclude that the sensitivity
a* of the equilibrium demand schedules to the traders’ private information must solve equation
(8) in the proposition.

Using (22), along with the fact that v,(7,(a)) = Aa, in turn we have that

19Consistently with the rest of the analysis above, because ¥ is held constant, we drop it from the arguments
of 71 and 7, to ease the notation.
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c= 1 Kl VAL +yT”) TwTw(a) — Bla+ c)}

A YT, (a) + 79
from which we obtain that the sensitivity of the equilibrium trades to the endogenous public
signal must satisfy

1 To + YT, T.(a) ]
c=——11—-Xa dl — Ba| . 25

5+)\{< YT, )Tw(a)—l—T@ P (25)

Using (24), in turn we have that the constant b in the equilibrium trades is given by
o
b=— : 26
B+ A (26)

Finally, inverting the relationship between ¢ and ¢ and b and b in (19) and (18), we obtain
that the other two parameters defining the equilibrium demand schedules are given by
¢ g (alm(e) - fa)
Bla+e)  Ba+ ok (n(ra(a)) — )

A%

and
b = (14 Be")b+ac" = — (14 &%) —— + ad* = —— (A" — 1)
B B B+ A RS '
Replacing
. o To + YTy To(a®) LT+ YTy To(a®)
@) = (1 -l = (1-)
(@) = (1= () ) ) e Ex e

into the above expressions, we thus conclude that, given a*, the values of ¢* and b* are given
by the functions (9) and (10), as claimed in the proposition.
To complete the proof, it thus suffices to show that equation (8) admits a unique solution and
is such that 0 < a* < 5. To see this, use the fact that 7,(a) is given by the function

B*a’yr, Ty
B2a?t, + yt,
along with the fact that v,(7,(a)) is given by the function in (21) to rewrite equation (8) as

To(a) =

follows:
1 TeyQTg(ﬁQCLzTu + y7,) — B2aPyTuT, Ty,
a=— :
AyAr2 (B2a?yrmy + (T + 79) (BT, + y7y)) — B2a?yTuTyTe (19 + 2y7))
We thus have that a* must solve the following cubic equation

(27)

0= \3*7,a® [y?’Tf;’ + yQTg (Te + 7o) — yry7e (10 + 2y7))] + /\ay3rs (Te +19) — T€y37'3. (28)
Now note that, in a cubic equation of the form Ax® + Bz? + Cz + D = 0, if
A =18ABCD —4B*D + B*C* — 4AC — 27TA’D? < 0,
then the equation has a unique real root. In our case, B = 0 and C' > 0 and, as a result,

A = —4AC — 27A?D?. Furthermore (using the fact that 7, = %), we have that
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A = N3, (y?’ﬂ;3 + szg (Te +79) — y7y7e (To + 2yTn)) X YT, (yQTs + YT, Tp — TeTy — TeyTn)

YTeTy Tn
o

Te+T Tet+Ty

Therefore A < 0, and hence the above cubic equation has a unique real root. Furthermore,

> 0.

o< (19 +ymy)(ym) — 7) o<y, —

because D is negative, the unique real root is positive. Replacing a = % into the cubic

equation, we have that

1
ﬁQTuﬁ (y3T;;’ + yQTi (T + 70) — ymy7e (10 + 2y7y)) + ygTs’ (Te + 79) — T€y3T;;’

YT,
:ﬁQTu )\2"7
C « _ 1

This implies that 0 < a* < . Q.E.D.

(y27'3 + YT To — TeTo — TEyTn) + yBTng > 0.

Derivation of Condition 11.
Recall that W = fol (0z; — 327) di — (o — u+ B%) Z. Because fol () di > (fol xidi>2, we
have that W is maximal when x; = z° for all 7, with
0—a+u
B+

¢ =

Q.E.D.

Derivation of Condition 12.
Recall that WL = E[W°] — E[W]. Using the fact that

We = 0z° — é(:100)2 — (a —u+ 6%) x°

2
along with the fact that x° = egg\u, we then have that
A ° A
W = 6a® = S(a") - (a —u+t 5%) 2° = 5; (2°)2.

It follows that

WL = ?E [(2°)?] —]EVO1 (Qxi—%x?> di — (a—u+ﬁ§) m}

A 2 oA [
= &E[(:po)ﬂ—E (0—a+u)f—ﬁ$———/ widi| .
2 2 2),
Using again the characterization of the FB allocation, z° = 9% and the fact that

B+

E {/lefdl] = E [E[7|2]]
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we have that

WL = @ [(2°)*] — %IE 2(B+ A) 32° — Bi* — )\/0 xfdi]
_ ?E ()] + 3 [(6 + N)# — 20%5(5 4+ \) — A? + XE[a?]]
(B NE[ — )] + XEl(w: — 7]
2

Q.E.D.

Proof of Lemma 1.
The same arguments as in the proof of Proposition 1 imply that, when the traders submit
demand schedules of the form z; = as; +b— ¢p, for some (a, IS, ¢), the trades induced by market
clearing can be expressed as a function of the endogenous public information z generated by
the market-clearing price by letting x; = as; + b 4 cz where
2=0+ -5
is the endogenous information about # contained in the equilibrium price, and where the noise
in the endogenous signal has precision
BPa*yr,T,
B2a?t, +y1,
Furthermore, the values of b and ¢ are given by (18) and (19). Using the above representation,

To(a) =

we have that the aggregate volume of trade when the demand schedules are given by (a, IS, ¢)

is given by & = a(f + f(y)n) + b+ cz and hence ex-ante welfare is given by
EW]=E [(9 —a+u) (a(@+ f(y)n) +b+cz) — ﬁ(a(9+f(y)g)+b+cz)2 — [ 2 (asi+ b+ e2)’ di] .

Note that
81%[;)4/] —E[0—a+u)—Fa@+ fy)n) +b+cz)—A(as+b+cz)] = —a — (B+ M\,
PEW]
o = (BN <0,
81518[?/] =Elz(0—a+u)—Fa@+ f(y)n) +b+cz)z— Az(as+ b+ cz)],
PEW] ) )
W—E[—ﬁz - A% <0,

and 0*E[W]/dcdb = 0. Hence E[IV] is concave in b and ¢ . For any a, the optimal values of b
and ¢ are thus given by the FOCs JE[W]/0b = 0 and OE[W]/0c = 0 from which we obtain
that

and

E[z(0+u)—B(al@+ f(y)n)) 2z — Bcz® — Nazs — Acz®] = 0.
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The last condition can be rewritten as
Covl(0+u—Bal@+ f(y)n)),z] — (B+ \) cVar(z) — AaCov(z,s) =0

from which we obtain that

Cov [(0 +u— Ba(f+ f(y)n)), 2] AaCov(z, s)

‘- (B+ ) Var(z) T BN Var(z)
Using the fact that 2 = 6+ f(y)n — g; and s =0 + \/%7(77 + e), we have that
1 o 9
Var(z) = - + ) oy +o.(a),

where 03 = 1/7y and 02(a) = 1/7,(a). Furthermore,

Cou[(8+u— Ba(6+ F(y)) 2] = Cov | (6 +u— Ba(B+ f(y)n)) .6+ F(y)n — ﬂ]

Ba
— Cov[6(1 = a),6] + Cov |u.~ - | = Covlaf ). ]
= (1 - Ba)oy — ;_i — Baf(y)*or,
and
Covlz,s] = op + f(y)QUz.
Hence,

(1 —Pajos — 5 — BafwPo}  ha(oj +/(v)*03)

(B+A) (05 + 0(a)) (B+A) (0F + 0Z(a))

IS S SV I 1 (O N
_5—1-)\[(1 \a )\ayTn)Tw(a)—l—Tg Ba]

We conclude that, given a, the optimal values for ¢ and b are given by the same functions in

(25) and (26) that characterize the parameters ¢ and b as a function of a under the equilibrium
usage of information. To go from the optimal trades to the demand schedules that implement
them, it then suffices to use the functions defined by (18) and (19). We thus conclude that,
for any choice of a”, the optimal values of ¢7 and b7 are given by the functions (9) and (10),
as claimed. Q.E.D.

Derivation of Condition 13.

As shown above, the welfare losses can be expressed as

wi = 22281 - 0oy + 2ie, - 277,

where ¥ is given by (11). We have also shown above that, for any vector (a, b, ¢) describing
the demand schedules, there exists a unique vector (a,b,c) describing the induced trades
x; = as; + b+ cz at the market-clearing price, and vice versa, where 2 = 0 + f(y)n — g is the

endogenous signal contained in the market-clearing price. This also means, when the traders
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submit the demand schedules corresponding to the vector (a, IA), ¢), the aggregate volume of
trade at the market-clearing price can be expressed as a function of (0,7, z) as follows: T =
a(0 + f(y)n) + b+ cz. Therefore, the dispersion of individual trades around the aggregate

trade can be expressed as

&2

El(z; — 7)) = Ela*f(y)%¢]] = —.
YTe
Next, use the fact that, for any a, the optimal values of ¢ and b are given by (25) and (26),

along with the fact that = = 6 + f(y)n — 3;, and the fact that f(y) = 1/\/y, to obtain that
o= a0+ f(yn) +b+cz
Aal0 + flghn) +u—a+ (1 - da— o) e
B+ A

Combining the expression for Z derived above with the expression for 2% in (11), we have that

2
)\a(9+f(y)n)+u—a+(1—)\a—)\a7—9) _re(a) , 0—atu

El(7 — 29?2 = E YTy ) Tw(a)+7e -
(==Y B+A B+

Simplifying, we have that

(Aaf(y)n N (I—Aa—)\a%) m}ﬁi’m (==0) [1—,\a—(1—,\a—xa%) J(“Zgi)m](?)j |

E[(Z —2°)] =E

B+A B+ B+

Using the fact that f(y) = 1/,/y, and that E[wf] = E[nf] = 0, we then have that

1—Xa— Aa7—9> #Y A2a? + 2)a (1 ~a— )\aT—"> _re(@)_

- o Ty ) Tw(a)+T Ty ) Tw(a)+T
E[(:E—J} )2] = << Z d 2 - d
(B+A) 7u(a) (B+A)ym,
2
T Tw(a)
+<1—>\CL— <1—>\&—>\0,ﬁ> m)
B+ 1)

Replacing the expressions for E[(z; — 7)?] and E[(Z — 2°)?] derived above into the formula for
the welfare losses, we then have that, for any a, when b and ¢ are set optimally, the welfare

losses can be expressed as

2
[(1—)@—)\@ o ) 7w () } Aa? + 2)\a (1—)\a—)\a L ) Tw ()

Yy ) Tw(a)+Te Yyt ) Tw(a)+7e

WL(a,1,(a)) =

2(B+A) 7u(a) 2(8+Nymy
2
[1 —Xa — <1 —a — A&y%") %] a2
+ o +—.
2 (5 + )‘) To 2y7-e

as claimed in the main text. Q.E.D.

42



Proof of Proposition 2.

As shown above, once b and ¢ are set optimally as a function of a to minimize the welfare losses,
the latter can be expressed as a function of @ and 7,(a), with the formula for W L(a,7,(a))
given by (13), with Tw(a):ﬁgzii%. The socially optimal level of a is thus the one that

minimizes W L(a, 7,(a)) and is given by the FOC

dW L(a,1,(a)) OWL(a,7,(a))  OWL(a,7,(a)) O1,(a)

_ =0.
da da i 07,(a) da
Note that
(1 —a— )\a&) 7 (a) <Ayrn+m 7(a) )
aWL(CL, Tw<CL>> _ YTn Tw(a)+7e YTn Tw(a)+Te
Oa (5 + )‘) ToJ(a)
2 T Tw(a) 2 YTn+Te  Tw(a)
Yot (1A= dafe) el — \2quirtn _zle)
(6 + /\) YTy
o Tw(a) Tn+T Tw(a)
o (e ] (3 (452) )
(B + )\) To YTe ‘
Next note that
) 2 ]
Wi nw) _ (1mM=deit) oo Aa(l-de-dez)
o1,.(a) 2(84+A) (1(a) 4+ 79)° (B+ Nyt (1u(a) 4+ 1)
T Tw (@)
[1 —\a — (1 —\a — Aaﬁ) Tw(a)+m] 7o 7o
— l-Xa—-da— | ———.
(B+A) Y1y ) (15(a) + 79)
Finally note that
Ory(a) 262ay2737'u
da  (B2aPTy 4 ymy)?

Using the above expressions we obtain that

_ N\ To | _Tw(@) YT t+7o _ Tw(a)
i) _ (e ) st (MR e)
da (B+ A 1,(a) YTe

2 . v, T\ _Tw(@  _ y2 yTytTe  Tw(a)

2 a+ 2 (1= da— Do) 2l — Zqrmin_mla
(B+ )y,

g — (1 — g — \gTe ) _Twl@) | [ Yt7o | _Tw(a)

+|:1 )\a <1 )\a Aagﬂi,) Tw(a)+T9:| ( )\+)\< YTy )Tu(a)-H'e)
(B+A) 79
where
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2
L(a) = 52ay27.37.u (1 — \a — Aay%) 7 — 7.(a) 2\a (1 — la — Aay%)

To
(B%a’t, + y7,)? B+ (1.(a) + 74)" " (B+ M) ym, (T(a) + 70)*
2[1-xa— (1-2a—daz) ] (

To To
(B+ ) Ta L=Aa= )\ay_7'n> (Tw(a) + 7'9)2

Hence, the first-order-condition dW L(a, 7,(a))/da = 0 is equivalent to

0

\aT. ((yTn + 7—9)2 #@Te) + AayT, T (1,(a) + 79) — 2Xa7 (y7, + 79) Tw(a)

(1w(a) + 79) To(a) 1\’ y7y (Tw(a) + 1) (B+A)
7—99 (yTn — (y1; + 79) m) + Xay,Te o
P AN ) )

+Aar,

from which we obtain that

YT Te (Y1 — (@) = Aa {(1;27'37'6 — Tu(a)T (1o + 2yT,) + (70 (a) + 79) y27'3

Y7y (1w(a) + 1) 8

(6 +A) (rw(a) + 79) y7y L(a)
FYTyTe T + YTy Te g .
Letting
2
1—a—A T—@)
sy = VT Paytein, (172 ey

N Pty @t
2
((I) — TeYT, (TUJ)\(Z) + 7—9) 6 > O,

(11

we conclude that ¢ must solve

1

a TeyTn(yTn — 7,(a))

T2 (e + 19+ (@) — ()T (10 + 2y7y) + E(a) + Ala)”

It is straightforward to verify that

dW L(a,1,(a))
da

ATy YTy
a=1 (B+A) ?/Tn(Tw(a> + 19) B2a’T, + YTy

<1 B2a’t, y To ) N \a >0
(B2a?m, +y1y)  (tw(a) +70) ) yTe

44



and that

Tw(@) [ yymtTe _Tw(a) Tw(a)
dW L(a,1,(a)) _ et ( A - "m(a)+m> A( w(a)+ T0>
da a=0 (B+A) 1(a) (B+ ) ym,
w(a) YT+ Tw(a
+<1_ ()+7') <_)\+)\< yTT,9> Teo ( a)+7'9)
(B+A)To
SIS L )
YTn BPa*r, +ymy

which implies that 0 < a” < +, as claimed in the proposition. Q.E.D.
)

Derivation of (15) and (16).

In the cursed economy, each trader receives a private signal s; = 6 + f(y)n+ f(y)e; and a
—_—

=€;

public signal z = 6 + f(y)n + x, and believes p to be orthogonal to (6,7).
—

Following steps similar to those leading to Proposition 1, we have that

E[f|si,z] = msi + 7z,
where
TYTy (YT — 7¢)
n= Y2121 + T + 719) — T¢T(T9 + 2yT)
and
_ y1y7c (Ym0 — 7)
Yo =

Y212(7¢ + Te + 79) — TeTe(To + 2yT))

To + YT, T
:(1—719 yﬁ) ‘.
Y7y T+ T

Observe that the cursed-equilibrium demand schedules must satisfy

1
Tio= 5 (E[0]s:, 2] — p) - (29)
Now let x; = a’, s; + b:xo + Clpo? — cizmp denote the cursed-equilibrium demand schedules.
From the derivations above, we have that
a, n
ETO )\ Y
bewo =0,
o=
ETO )\ ?
and
5 1
o=~
EXO )\



Using the formula for 71, we have that the formula for a},, is equivalent to the one in (15) in
the main text.

Now suppose that the planner can select a but, given the latter, is constrained to choose
(b, ¢,d) to maintain the same relationship between a?,, and (b, ¢, d*, ) as in the cursed

equilibrium. Using the fact that

To + ym) ¢
yTn TC"‘TQ’

and the fact that 14 = a, A\, we have that, in the cursed equilibrium, the relationship between

ar,, and (br, & dr. ) is given by

ETO exro’ “exo’ 'exro

l;z:vo =0,
é:xo == l (1 — )\CLZ:):O 0 i yTn) X )
A YTy Tc + To
and
N 1
df = —.
EeExo )\

The above properties imply that, in the cursed economy, for any choice of a, the planner is

constrained to select demand schedules of the form

=X ()\asi + (1 _dalm+ yT")> LS —p) . (30)

A YTy T¢ + To
The planner then chooses a to minimize the welfare losses

(B + MNE[(@ — 2°)?] + ME[(x; — 7)?]
2
under the above demand schedules, taking into account the market-clearing condition.

WL =

Following steps similar to those in the baseline economy, and using the market-clearing

condition, we have that, when the traders’ demand schedules are given by (30),

2
(8+)) o (v ey )T N 2 (1 - ) T
—E[(z — z° = ! + i

2 . 4 B+ N7 B+ N ym,
(1 —\a — (1 B )\a(yTn—i-Te)) ¢ )2
+ YTn TC+T9
(B+ A7
and
AE[(z; —2)%] Xa?
2 T

This means that, for any a, the welfare losses are equal to
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[(1 . )\a(yﬂ,-‘rm)) T¢ ]2 /\Qag +92)\a (1 . Aa(yrn-I—Tg)) Tc

WL _ YTn T¢+To + YTn T¢+To
2084+ N) 7 284+ N ym,
2
. 1= 2a— (1 ezl | | A
2(6+ )7y 2UT,

Following steps similar to those in the proof of Proposition 2, we then have that the value

of a that minimizes the above welfare losses is equal to

T _ 1 TeyTn(yTn —7¢)

Te T2 T T
A Y212 (Te + 7o + 7¢) — T¢Te (1o + 2yTy) + T ermo )2 "()\fj )6

as claimed in (16). Q.E.D.
Lemma 2. ¢* = 0 if and only if Z(a*) + A(a*) = 0.

Proof of Lemma 2. Recall that ¢* is given by

*x 1 * *7-9 Tw(a*) *
(e e Ry
1
= 64_)\(72(&*)_5@*)7

whereas the externalities are given by

2
_Teﬁ2ay47'$7'u <1 —\a — Aay%)
Na(B2a’t, + y1y)? (1(a) + 79)

o Teyt2 (1,(a) + 79) B
_.(CL) = 1 >\7'e .

Aa) =

We prove the lemma in two steps. First we show that, if ¢* = 0, then Z(a*) + A(a*) = 0. To
see this, use the formula for ¢* from above to verify that, when ¢* = 0, then fa* = ~v,(a*).
Using the fact that

o = 1 YTy (Y7 — Tw(@”))
NP2 (7(@®) + 7+ 78) — @) 7e (7 + 2075)
i) = o) (77 = )
? 927'3 (Tw(a*) + Te + T@) - Tw(a*)TE (TH + 2y7—7]>7
yTeTn
Te = ———,
Te + Ty
2 %2
() = g

)
B2a**t, + yt,
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we then have that, when ¢* = 0, then

E3 YTeT;
_ (@) mele) (WP — ram) ro(a’) (ym — 252)
b= 0 _ Y N e — oy
¢ YTy (Y7 — Tw(a”)) i (ymy — Tu(a”))

Using the formula for 7,(a*) we then have that

2 x2 7—2
5 = A ﬂgai%ﬁ;:n <rf+nn,> _ /\BQa*QyTnTuTn _ )\52a*27u
rn (v - gy) W)
from which we obtain that
g T
a2t

Furthermore, using the expression for ¢* above, we have that, when ¢* =0 ,
w(a” .
(1 e _M*&) (@) g
yt, ) To + Tw(a*)
Replacing the above expression into the formula for the two externalities, we thus have that

2 * 2,2
o e TYTy (@) + 1) B YT (1 + Tu(at))
A(CL ) + :(CL ) - ! T - 6)\2; a*T !

Using the expression for g above, we then have that

YTe

Ty (Tw(a*) 4 79) TY T (1o + Tw(a®))

Ala") +E(a”) = T S
_ T (@) £ ) (@) _
/\2a* CL*Tu Cl*'Tu ’

Next, we prove the converse. We show that, if A(a*) + Z(a*) = 0, then ¢* = 0. To see this
note that, when the sum of the two externalities is zero, then
2
T2 (ro(a) + 1) B Ty T BPa T, <1 —\a* — Aa*ﬁ)

Ala* =(q*) = o n =0.
(a7) + &(a) " N (P, 4y, P (rala) 4 70)

Using the various expressions above we then have that

2
(@)t ) 1 (a2 (1M e )
YTe Aa* B2a*3T, To(a*) + o

0=
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Ba/* B 1 72<a>k)2
YTe ’Yl(a*) ﬁ2a*27—u
Ba* = Tw(a*) (yTn - Te) YTe
7. (y1, — 1w(a*)) f2a*?T,
/62a*27—u yTe ( *)
= a
TelY BQCL*QTu/‘h
= 72(a”).
Hence Sa* = ~,(a*). But this means that ¢* = 0. Q.E.D.

0=

Y2(a®)

Proof of Proposition 3.
Under the proposed policy, each trader’s demand schedule must satisfy the optimality condi-
tion

Xi(p; 1) (E[0] L, p] — (1 +1tp)p + to)

A+
For any vector (a, l;, ¢), when all traders submit affine demand schedules z; = as; + b— cp, the
equilibrium price then continues to satisfy the same representation as in (2) but with (a*, b*, &)
replaced by (a, ZA), ¢). This also means that the equilibrium trades can be expressed as a function
of the endogenous public signal z, as in the laissez-faire equilibrium with no policy. Letting
r; = as; + b+ cz denote the trades generated by the demand schedules x; = as; + b— cp
(with z representing the endogenous public signal contained in the market-clearing price), we
then have that the functions that map the coefficients ¢ and b in the demand schedules into
the coefficients ¢ and b in the induced trades continue to be given by (9) and (10). Using the
fact that E[f|s;, 2] = v1(7u(a))s; + 72(7w(a))z, with the functions v, and 7, as defined in (6)
and (7), along with the fact that the market-clearing price satisfies p = a + b+ f(a + ¢)z as

shown in (20), we then have that the equilibrium trades must satisfy

T = ALM [y (T(@))ss + Y2 ((a))z — (1 + ) — (1 +1,)8b — (1 4+ 1,) B(a + )z + t]
- )\L—l—d {m(rw(a))si — (L +1t,) (a4 Bb) + [12(1w(a) — (1 +t,)B(a+ )]z +to}-

The sensitivity of the equilibrium trades to private information s; under the proposed policy
thus satisfies a = v1(7,(a))/(A + 7). Using the formula for +; in (6), we then have that the

equilibrium @ under the proposed policy is the unique solution to the following equation:
1 Teszg — 1(a)Teym,

A0 y?72(1(a) + 7e + 19) — Tw(a)Te (19 + 2yT)

a =

The equilibrium ¢, instead, is given by the unique solution to

¢ = 15 (@) = (1 + )8+ )
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which is equal to
_ 72(7w(a) — (1 +1,)fa
A+ +(1+t,)B
Finally, the equilibrium b is given by the unique solution to
—(1+1t,) (a+ pb) + 1o
A+

b —

which is equal to
by (141,
A+ (T+t)8
Now recall that the sensitivity a’ of the efficient trades to private information is given by the

unique solution to

l YT YTy — Tw(a))

ANY?72(Te + 19 + Tw(a)) — Tw(a)Te (19 4 2yT,)) + Z(a) + Ala)

Therefore, the equilibrium value a under the proposed policy coincides with the efficient level

a =

a® if and only if § satisfies
(A+9) [yQTi (1w(a”) + 7e + 70) — (") (19 + 2yT))]
=\ [3/27'3 (7-6 + 79+ Tw(aT)) — 1o(a") 7 (19 + 2yT;) + E(a”) + A(aT)} ,

from which we obtain that

5 A (E(a”) + A(a))

927'3 (Tw<aT) + T+ 7_9) - Tw(aT)Te (7—9 + 2?/7}])'
T

Now recall that, given a’, the other two coefficients ¢’ and b? describing the efficient trades

are given by the functions in (25) and (26), implying that

T 1 T T 76 7w(a ) 34qT
¢ /6 A A an Jw(a ) o

T _ (6%
B+
Hence, for the equilibrium levels of ¢ and b under the proposed policy to coincide with the

and

efficient levels it must be that

Yo(ro(a®)) = (L +tp)Ba” 1 0 T.(a”)
ANto+(L+6)8 B+ ((1_MT_MT@/_%> To(a”) + 7 _BGT)

and
to—(1+t)a «
A+d+(1+t)8 B+
It is easy to see that the above two equations are satisfied when
A+4 T Tw(a
lma®) - M2 [(1-da - dag) e — o] - pa”

P 1 7 7(a)
ﬁ{m [(1 —\a — )\(lﬁ) m —,Ba] +GT}
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and

a[A+(5+(1+tp)ﬁ]_

to=(1+1 —
0 <+P)& B_i_)\

Q.E.D.

Proof of Proposition 4.
When all traders other than i acquire information of quality ¥ and then submit the demand
schedules corresponding to (a”, ZA)T, ¢, irrespectively of the information acquired by trader ¢

and of the demand schedule submitted by the latter, the equilibrium price is given by
p(0,u,m;9) = a+ 80" + Bla” + ¢")z(0,u,1; 7)

where b7 and ¢ are the coefficients obtained from (o, b7, ¢”) using the functions (18) and

(19), and where®

2(0,u,1:9) = 0+ f(y)n —u/Ba”.
Furthermore, the aggregate level of trade is equal
X(0,u,m;5) = a”[0 + f(@)n] + 6" + c"2(0,u,m57)
whereas the equilibrium trade for agent ¢ when he acquires information of quality y; and then
T7 j)T7 éT)

submits the demand schedule corresponding to the coefficients (a is equal to

XZ<97 U, 1, €5 377 yz) = a‘T \[9 + f<y2>62 + f(yl>77] +bT + CTZ<97 u, 1, g)

It follows that, when all traders other than ¢ acquire information of quality ¢, trader i acquires
information of quality y; and all traders, including trader i, submit the demand schedules

corresponding to (a, b7, ¢T), trader i’s ex-ante gross payoff is equal to

_ _ _ A _
]E[’]rlTv Y, yz] =K |:(9 - p(@, u, 1, y)) Xz(ea u,n, €Yy, yl) - §X22(67 u, 1, €Y, yl):| .

Using the fact that the market clearing price must also satisfy
b= Oé-U—{—BX(@,U,ﬁ,g),
we have that

_ = _ _ A _
E[TriT; Y yl] = EG#M |:<6 —atu-— 5X<97 U, 105 y)) E[xl‘97 w5y, yl] - EE [‘r?w’ U, Y, yz]:|

or, equivalently,

E[ﬂ'?, Y, yl] = E@,u,n [ <9 —a+u-— BX(Ga u, 15 g)) E['T’L’97 u,n; Y, 3/@] - %Va'r’[q:i]«?, n,u; Y, yl]

—% (E[xz|9, n,u; Yy, %])2 ] ’

200bserve that the functions (18) and (19) do not depend on y and hence ¢! and b do not depend on y.
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where
E[:Uz’97 u, 1, ga Z/z] = E[Xz(ea Uu, 1, € g? yl)W? u, n; ga yz]

and

E(2710,u, ;9. yi] = E [(X:(0,w,m, €559, %:))" 10, w, 05 7, ]
and

Varlz;|0,n, w9,y = E [(Xi(0,u,m. €539, yi) — Elzil0,w,m; 7, v:))* 10, w, 9, i) -

Using the fact that

B0, u,1; 5, y:] = o [0+ f(yi)n] + b" + ¢ 2(0,u,m;9)

and
~ (an(yz'))Q
Var(z|0,n,u; 4,y = —
we have that
OE[x] g, u] S o\ T (a7)* )
3—% — Ee,n,u |:<9 —a+u— BX(ea u, 1, y)) a f (%)77} - A . f(yz)f (yl)

—AEg .0 [(a” [0+ f(ya)n) + 0" + " 2(0,u,n;9)) a” f (yi)n]

CLT 2
= —a'BEy,. [X(@,u,n;g)n} f'(wi) — A( f Qi) f'(ys)

e

A @) P ) — AT B 20, w5} (1)

n

Using the fact that
~ _ 1 _
Eo.p.u [X(H, w, 7; y)n} = @' f(§)— + " Bayyu [2(6, w75 9)n]

n

and
oy (206, w,:9)0] = £(5)
we then have that ,
0 Dy 1 — — / 3 /
ELl st + o] w2 rre)
yl 7_77/ TTL 7_6
A @) P )~ AT F ()~ (w0, (31)
from which we obtain that )
OE[xT; 7, y; 1 17, ")
I it vt ro -2 swre)
(@) D D)=~ 2 )1 )
n n
T
= 1@ A+ @@ (32)
e n

Next, observe that, when trader i also acquires information of quality  and all traders submit
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the demand schedules corresponding to (o, b7, ¢7), then

(0—a+u—p5%0,um7) X(e,u,n;y)—%@ %(X(H,u,n;y))zl -

The ex-ante payoff of the representative investor when all traders acquire information of quality

2
E[ﬂ-zTa Y, 'g] = Ee,u,n _

y and submit the demand schedules corresponding to (aZ, b7, ¢7) is equal to
_ _ - . B3 _\2
ElLg] = Epuy {(p(ﬁ, w1, 9) — o+ u) X (0, u,m;9) — 5 (X(G, U, n; y))

_ B ; )2
- EEQ,UW (X(ea u, n; y)) s
where we used the fact that p(,u,n;7) = @ —u+ X (6, u,n; 7). We thus have that, when all

traders acquire information of quality ¥ and submit the demand schedules corresponding to

(aT, b7, ¢l), ex-ante welfare is given by

EW" 5 = Elr;7,9]+E[Ly]
By AT @) N
— By |0 a0 K0, ) - 2 TP AL (X(e,u,n;y>)2]-

Hence,
dE[WT,; 3 OX(0,u,n; 7 A fF@) f (g ~ _0X(0,u,n;y

[dy N PR aZ n:y)  Ala”) i(y)f @) _ 54 )50, ) X 3Z 0 y)] |
where

0X(0
( 781;77’1/) — (aT+cT)f'(y)77

It follows that

dE[ZT;y} _ A (d") ;I_C(y)f/(y) O+ A) (@ + ) f(§) B [X(G,u,n;g)n |

Using the fact that

Baa [ (60,55 9n] = (a” + D) f(0) -
we thus have that
T. - ™2 £00) (i
VLA MAITOID oy @ s o
Comparing (32) with (33), we thus have that, when ¢! < 0,
OE[r] 7, yil dE[WT; g]
Ay =g dy

whereas the opposite inequality holds when ¢! > 0. Finally, use Condition (19) to observe
that ¢7' = _B(aTC“—icT) and Condition (25), along with the formula for 7,(a), to observe that
a® +c" > 0. Jointly, the last two conditions imply that sgn(¢’) = —sgn(c’) thus completing
the proof. Q.E.D.
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Proof of Proposition 5.

We start by establishing the (global) concavity of E[xl;7,vy;] and E[WT; 4] in y; and 7, re-
spectively (Recall that the coefficients defining the traders’ demand are kept constant in both
of these functions at (a”,b”,c?), where (a”,b", ") is the vector defining the efficient trades

when the quality of private information is y*). Using (31), we have that

OE[r7: 5, yi 1 ., 1 17 9
i (O RN VU R O R ER P

T T

(f(yi)f/(yi))

T F5) ")
T (- 1 T T T r/ T\ 2 1 1 0
= —a f(y)T—[ﬁ(a + ")+ X f(yi) — A (a”) {——l——}

" Te Tyl OYi
Now observe that f”(y;) = 3,/y:/4y; > 0 and a% (f(yi)f'(y:)) = 1/y? > 0. Hence,

(f(yi)fl(yi))'

NG (Ba”+ (B+N) ") + /\aT%] :

Now recall that, irrespective of the sign of ¢’, a’ > 0 and a” + ¢’ > 0, where the last

ayzz B y? Ty

O*Erl; g, vil a’ [3@

inequality is established in the proof of Proposition 4. Hence, when ¢! > 0, for any (7, y;),
O’E[rl; y,y;] /Oy? < 0. To see that the same inequality holds when ¢! < 0, recall that

cl = L {(1—)\aT—)\aT 70 )T (a) —5GT].

B+ A y’'r, (a™) + 79
Hence,
Bat + (B+ N " = (1—Xa® — Xa” 76 7(a’) ,
yT'r, ) 1.(a”) + 19
which, using
2 (. T\2,T
Tw(CLT) — ﬁ (a 2) Y TWTU 7
B2 (a") 1 + yt'r,
we can rewrite as
52 (aT)Q -

Bat + (B+ N ! = [(1 — )\aT) yTTn — )\CLTTQ}

82 (@) 7 (y7my + 70) + YTy Te
Hence,

sgn (Ba” + (B+ ) ") =sgn ((1 = ra") y"r, — Aa" 7).

Now recall that
T — 1 TfyTTn<yTT77 B Tw(aT)) (34)

AyT)* 72 (1 + 1o+ T(a”)) = T(a?)7e (79 + 2977y) + E(aT) + A(aT)

with 7. = (y’7.7,;) / (7. + 7;,) and observe that the numerator in (34) is positive. Because

a® > 0, as shown above, this means that the denominator in (34) is also positive. Using the
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fact that

T
(1 - )\aT) yTTn—)\aTTg = v

(yT)" 72 (7e + 79 + 7(a?)) = (a?)7e (15 + 2y 7y) + E(a”) + A(aT)

where
Q=y"r (y'm —7) (0 +7(a")) +E(a") + Ala”),
we thus have that
sgn ((1 — )\aT) y'r, — )\aTTg) =sgn (Q).
Now, using the fact that 7. = (y7.7,) / (7. + 7)), we have that () can be rewritten as

Q= ()" - (e rula®) +2(ah) + Ala)

and hence sgn (Q) > 0 if Z(a”) + A(a”) > 0. The latter property holds because, as explained

in the main text, when ¢ < 0, then ¢’ > 0 in which case Z(a’) + A(a’) > 0. We conclude

that, no matter the sign of ¢’ for any 3, E[r]; 7, y;] is strictly concave in y;.

Next, consider the concavity of E[WT; 4] in 4. Using (33), we have that
PE[WT; ] A (aT)? 2 1] 0
) _ A T T e
0 e + (A +8) (a" + ") |
< 0,

(f@)f @)

where again the inequality follows from the fact that a% (f()f'(y)) > 0. Hence E[WT: ] is
strictly concave in .
Because E[r]; 7, y;] is strictly concave in y;, in equilibrium, all traders acquire information of
quality y* such that
oy =C'(y").

Yi Yi=g=y"

Now recall that the socially optimal quality of information satisfies
dEWT; g

[ — y] — Cl( yT>

dg g=y"
Because E[WT; ¢] is strictly concave in 7, the result in Proposition 4, then imply that, when

e <0, yT > y*, whereas, when ¢ > 0, y? < y*. Q.E.D.
Proof of Proposition 6.

Under the proposed policy, each trader i’s ex-ante gross expected payoff when all traders

other than 7 collect information of quality y, trader i collects information of quality y;, and
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all traders (including i) submit the efficient demand schedules (a”, b7, éT) is equal to
. - A
]E[ﬂ-zT(g7 yi); tp] = E |:0xz - (1 + tp)pxi - §$12:|

= E {0% —(1+1,) (0 —u+ Bi)z; — %xf}
with

2 = X,‘(Q,U, 1, €57, yz) _ CLTLQ + f(yz)ez + f(yi)nl+bT + L (9 + f@)n - ;7) )

p=PO,u,ny) =a—u+ X(0,u,n7),
and

E=X0,u,n7y) =a O+ f(y)n) +b" +c" <9+f(y) - 5%) :

and where b7 and ¢! are the coefficients describing the equilibrium trades obtained from b7
and ¢’ using (18) and (19). Hence,
141, ATa” A (a")® A (d7)
\/5\/@7—77 N \/ﬂ\/ETn 2 YiTy 2 YiTe
where N is a function of all variables that do not interact with y;. It follows that
OE[r (5,y)it] _ AU+E)(a" +cNa” AT ( a” ) A(a?)”
9y 27y YYi 2Tyyi/Yi \\VYi VY 2yiTe

Because E[r! (7, vi); t,] — C(yi) is concave in y;, for y; = § = y* to be sustained in equilibrium

]E[ﬂ—zT(g> yi);fp] = N— B((IT + CT)CLT

it is both necessary and sufficient that
OE[r] (y",y"): 1))
Yi

=C'(y")
which is equivalent to
(Bt ) +X] (” +M)a” A (a")’
27,
Using the fact that y? satisfies

Nl + M2 M (aT)? o 2
(6‘{' )éTn+ ) + (27—6) =C'(y )(y) 7

we have that the proposed policy implements the efficient acquisition of private information

= C'") (")

27,

when

i (6+ )\)CT'

p BaT
Using the fact that

= g O (aa) - B
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we then have that the optimal fp can be rewritten as
o _ () — o
P BCLT

as claimed in the proposition. Q.E.D.

Proof of Proposition 7.

Assume that all traders other than i acquire information of quality y? and then submit
the efficient demand schedules (that is, those corresponding to the coefficients (a7, b7, ¢T)).
Given any policy T'(z;,p), the expected net payoff for trader ¢ when he chooses information

of quality y; and then selects his demand schedule optimally is equal to
V(" yi) = supyy {E[T (Y7 wi); ()] — C(ui) }
where g : R? — R is a generic function specifying the amount of shares x; = g(s;, z) that the

trader purchases as a function of s; and z, and where

Elfi(y", 4:); 9()] = E [09(si, 2) — (o = u + BE)g(si,2) = 5 (9(s1,2))"] =BT (9(s5,2), @ — u + BI)].
Note that the definition of E[7;(y”,v;); g(+)] uses the fact that the market-clearing price is
given by p = a — u + 7 with

F=a"(0+ fy")n) +0" + "z
where b7 and ¢! are the coefficients describing the equilibrium trades obtained from b7 and
¢! using (18) and (19), and where
=0+ f(y") —ﬁ%.
It also uses the fact that, when all other traders submit the efficient demand schedules, any
demand schedule for trader i (that is, any mapping from (s;, p) into ;) can be expressed as
a function g(s;, ) of (s;, 2).*!

For the policy T'(x;,p) to implement the efficient acquisition and usage of information, it
must be that, when y; = y?, the function g(-) that maximizes the trader’s payoff is equal
to g(s;,2) = a’'s; + b1 + c''z. Using the fact that the equilibrium price can be expressed as
p=a+ bl + B(a’ + cT)z, and the fact that

E[0]si, 2] = m(mu(a’))s; +72(r(a"))z,
we thus have that for the policy T to implement the efficient trades, it must be differentiable

in x; and satisfy
Y1 (1w(al))s; + 12 (1(al))z — [a+ 0T + Bla” + ¢T)z] — A (a's; + b7 + cT'2)

—%T (aTs; + b7 + Tz, a+ BbT + B(a” 4+ cT)z) =0

for all (s;,2). Next, observe that, when the individual trades efficiently, so that, for any

21Tt suffices to use (20) to observe that p = a + BbT + B(a” + c1)z.
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p=a+Bb" + B(a’ + )z, the quantity the individual buys is given by z; = a’s; + b7 + ¢! z,
then
Y1 (1w(a®))si + Y2(1w(a?))z — [a+ BbT + B(a” + ¢P)z] — X (a’s; + b7 + T'z)

T

= [n(m(a”)) — Aa"] Bt
—a—BbT
+ [1a(mu(a”) = Bla” + ) = AT] | Bt
— (o + BbT + XbT)
= [11(r(a”)) — Ad"] =
—a—BbT
+ [ralra(a™) = Bla” +€T) = AT — (m(ru(a”)) — Aa”) &7 | B
— (a+ BT + T .
Note that the term above is the discrepancy between the trader’s marginal benefit and

marginal cost of expanding his demand evaluated at the efficient trade. But this means
that, for the policy T'(z,p) to implement the efficient use of information, it must be that

T(x,p) is a polynomial of second order of the form

T(rp) = 3% + (tp — to) 2+ K (p), (3)
for some vector (9, t,,tp) and some function K (p) which plays no role for incentives and which
therefore we can disregard. In the proof of Proposition 3, we showed that there exists a unique
vector (0,%,,%p) that induces the traders to submit the efficient demand schedules when the
precision of their private information is y” (the vector in Proposition 3 applied to y = y7).
Thus if a policy T induces efficiency in both information acquisition and information usage,
it must be of the form in (35), with (d,,,%y) as in Proposition 3 applied to y = y*. When the
policy takes this form, for any y;, the optimal choice of ¢(-) is affine and hence can be written

as g(s;,z) = as; + b + cz, for some (a,b, ¢), implying that

E[7:(y", v:);9()] = E [ (0 + to) (as; + b+ cz) — AT*‘S (as; + b+ cz)2

—(141t,) (0 —u+ B [a(0+ f(y")n) + 0T +cT2]) (as; + b+ cz) |.

Letting M be a function of all variables that do not interact with y;, we then have that, when
9(8i,2) = as; + b+ cz, for some (a, b, c),

. 1 A+deca AN+6 a? A+3 a?
Bl5 (7 u)ig()] = M AL+ 1) + Mo L -

VYT VYT, 2y 2 yiTe

Using the envelope theorem, we then have that
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V' y") _ [BU+t) A+ (@ +Na” (40 (@),
Dy 27, (y7)? * 27 (yT)? ).

Note that in writing the above derivative, we used the fact that, when y; = y”, the optimal

demand schedule for trader i induces trades equal to the efficient trades a’'s; +b" +c? z. Recall

that the efficient ¢ is given by the solution to the following equation

2
BN+ A
27, (yT)Z 27, (yT>2 '
Hence, for the policy of Proposition 3 (applied to i = y?) to implement the efficient acquisition

of private information, it must be that

(B+N)(al + )2 N A (aT)2 _ [B(1+1t,) + A+ 0] (a” + cT)a” N (A+9) (aT)2

Ty Te T Te
or, equivalently,

(a + M), [(B+ Nl — (Bt, + 5)aT} =9 (aT)2 -
One can verify that the values of 4 and ¢, from Proposition 3 do not solve the above equation

except for a non-generic set of parameters. Q.E.D.

Proof of Proposition 9.

As in the proof of Proposition 7, assume that all traders other than 7 acquire information
of quality y” and then submit the efficient demand schedules (that is, those corresponding to
the coefficients (a”,b7,¢T)). Given any policy T'(x;, %, p), the expected net payoff for trader i
when he chooses information of quality y; and then selects his demand schedule optimally is
equal to

V(" yi) = supyy {E[T(y", 9:); 9(-)] — C(ui) }
where g : R? — R is a generic function specifying the amount of shares x; = g(s;, z) that the

trader purchases as a function of s; and z, with

ZE9+f(yT)n—&%

and
E[7: (47, v:); 9()] = E [0g(si, 2) — (o — u + BE)g(s1,2) — 3 (g(s4,2))°]

—E[T (9(si,2), T, —u + BT)].
Note that, in writing E[7;(y”, 1:); g(+)], we use the fact that the market-clearing price is given
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by p = a — u + ST with

T=a’(0+f(y")n) +b" +c'z
where b7 and ¢! are the coefficients describing the equilibrium trades obtained from b7 and
¢ using (18) and (19). We also use the fact that, when all other traders submit the efficient
demand schedules, any demand schedule for trader 7 (that is, any mapping from (s;,p) into
7;) can be expressed as a function g(s;, z) of (s;, 2) by using (20) to express p = a + Sbl +
B(aT + ')z as an affine transformation of z.

For the policy T'(x;, Z, p) to implement efficiency in both information acquisition and usage,
it must be that, when y; = y”, the function g(-) that maximizes the trader’s payoff is equal
to g(s;, 2) = als; + b1 + ¢z, Using the fact that the equilibrium price can be expressed as

p=a—u+pBi=a+pb" +B(a" +c")z
and the fact that

E [9\31-, 25 Y yT] |y¢=yT = 1 (1(a’))s; + Ya(u(a®))z,
we thus have that for the policy T to implement the efficient trades, it must be differentiable
in z; and, for all (s;, z), must satisfy
(1o (a®))s; + Yo7 (al))z — [oz + BbT + B(a® + cT)z] - A (aTsi + 0" + CTZ)

— B [T (s + 0"+ 2,30 — ut B7) [si, 290, y"]

— O’
yi=yT

where
T=a" 0+ fly")n) +b" +c'z

with

— 0 T U
Next recall from the proof of Proposition 7 that, when the individual trades efficiently,

Y1 (1w(a))s; + Y2(1(a))z — [a+ BbT + B(a” + ¢T)z] — A (aTs; + b7 + cT'2)
- ['yl (Tw(aT)) — )\aT] xa_qlzT
+ [ra(m(a”) = Bla” + ) = A" = (n(rla") - AaT) | [ b5

— (o + BbT + A7) .

This means that, for the policy T to implement the efficient use of information, it must be

that T'(x;,Z, p) is a polynomial of second order of the form

5/
for some vector (0,17, t), tz), where K'(Z, p) is a function that does not depend on z;, plays no
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role for incentives, and hence which we can disregard. Furthermore, under any such a policy,

2B [T (@7, p) 50, pi g, "]

= 0'x; + ptl, — th + tzE [Z]si, pyi, y”

=0'w; +pt, — ty + E [p_g+u|3i,l); ymyT}
= &'z; + pt,, — t) + 2 (p— ) + SE [uls;, p; v,y

= 0w+ pty, — to + F(p — ) + FAF (yi, v )si + FBF(yi, " )p + FCF (yi,y")
where we used the fact that p = a — u + 7 and the fact that
E [ulsi, p;yiy" | = A% (yi,y")si + B (yi,y")p + C7 (yi, y")
where A% (y;,y7), B?(y;,y"), and C#(y;,yT) are the coefficients of the projection of u on
(si,p) when all agents other than i acquire information of quality y? (and trade efficiently)
whereas trader ¢ acquires information of quality ;.

When trader i too acquires information of quality y; = ¥ and trades efficiently so that

;= als; +b" + 'z with z = Z(’a%jilf),
it et )
E [ulsi, p;yi, y" | = A#(y", y7) o + B*(y",y")p + C*(y", y")

aTB(aT +eT)

A# T7 T A# T7 T CT
= )y, [B#(yT,yT) — Sty ]p

+C#(yT, yT) — A# (yT )T + AF(yT yT)el (atBbT)

aT aT B(aT+cT)
Then let .
e ATy
# )
A7 = —
B* = | BFT T) — A#(y",y")e"
= : aTB(aT + cT)
Ot = O (yT 4T — A (yT DT A7 (T yT) et (o + BbT)
7 a” aTB(a” + cT)

We thus have that, when trader i acquires information of quality y; = y? and trades efficiently,

0 -
axE |:T (xia ZE,p) |8i7p; yT7yT] = 5.1'1 + tpp - tO
where
5=+ %A# (37)

61



1+ B#
ty =1, + tf% (38)

to =ty + t~B - EO# (39)

In the proof of Proposition 3, we showed that, when agents acquire information of quality
y”, for them to trade efficiently, the values of (4, t,, ty) must coincide with those in Proposition
3 (applied to y = y*). Thus, for the above policy to induce efficiency in both information
acquisition and information usage, it must be that that the vector (', %), %, ;) satisfies Con-
ditions (37)-(39) with (6,%,,%9) given by the values determined in Proposition 3 applied to
y = y*. Note that, for any ¢z, there exists unique values of (¢’ ,,,ty) that solve the above
three conditions. Abusing notation, denote these values by (8'(tz), 1, (tz),to(tz))-

For any t;, efficiency in trade requires equating the parameters (¢’ ,t;,t’ ) to the unique
solution (d'(tz), 1, (tz),to(tz)) to Conditions (37)-(39) above.

Next, note that, when the policy takes the form in (36), for any y;, the optimal choice of
g(+) is affine and hence can be written as g(s;, z) = as; +b+ cz, for some (a, b, ¢). This implies
that

E#(y",ui); 9()] = E[(0 + th(tz) — tz2) (as; + b+ c2) — 252 (as; + b+ c2)?

—(1+t)(ts) (o —u+ B [T (0 + f(yT)n) + b7 + cT2]) (as; + b+ c2)

Letting M be a function of all variables that do not interact with y;, we then have that, when

g(si, z) = as; + b+ cz, for some (a, b, c),

_ , a(a® + " A+d)ca  A+6 a>  A+4 a?
B (7 u)g0)] = M [t 81+ #(e)] We T OEDee A% @ A%d o
yT \/@ Tn yT \/E Tn 2 vy Tn 2yt

Using the envelope theorem, we then have that

V(T yT)  [ts+ B+t (t:) +A+6] (a7 +T)a”  (A+0) (a”)’
- 2 + 2
0yi 27, (y7) 27, (y7)
Once again, in writing the above derivative, we used the fact that, when 7; = y*, the optimal

— C'yh).

demand schedule for trader i induces trades equal to the efficient trades a’s; + b7 + c!z.

Finally, recall that the efficient y” is given by the solution to the following equation

2
(5 + )‘) (aT + CT)2 A (aT) — Cl(yT)
27, (y7)* 27, (y*)*
Hence, for the above policy to induce efficiency in information acquisition, it must be that
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(8+ M@+ A (a”)? [t2 + B +1,(ta)) + A + 6] (@ +cNa” (A +0) (a”),
Ty Te Ty Te
Using (38), we have that

A

1+ B#
o4

with ¢, given by the unique value determined in Proposition 3 applied to y = y”. Because the

function H : R — R given by
H(tz) =t; + Bt (t;) = Bt, — t; B*
is linear, there exists a (unique) value of ¢; that solves (40).
We conclude that the policy in (36) with ¢; given by the unique solution to (40) and with
(6,1, ty) given by the unique solution (¢'(tz),1,(tz),to(tz)) to Conditions (37)-(39) induces
efficiency in both information acquisition and information usage. Q.E.D.

Proof of Proposition 8.

Paralleling the derivations in the proof of Proposition 7, when the policy takes the proposed
form and all traders other than i acquire information of quality ¥ and then submit the efficient
demand schedules (that is, the affine orders corresponding to the coefficients (a”, b7, el for
quality of information y”), the expected net payoff for trader ¢ when he chooses information
of quality y; is maximized by submitting an affine demand schedule z; = as; + b— ¢p which
induces trades z; = as; + b+ cz that are affine in (s;, 2), where z = 0 + f(y?)n —u/Ba’ is the
endogenous signal contained in the market-clearing price.

Using this result, let
V(y",y:) = sup {E[#;(y", vi); a,b,c] — C(y;) + Ay }

a,b,c

denote the maximal payoff that trader ¢ can obtain by acquiring information of precision
y; when all other traders acquire information of precision y? and then submit the efficient
demand schedules for information of quality y?. As shown in the proof of Proposition 7, the
expected gross payoff that trader ¢ obtains by inducing the affine trades x; = as; + b+ cz when
he chooses information of quality y; is equal to

1 (A+d0)ca  A+4d a*>  A+4 a?
VT YT, 2 T 2yt

where M is a term collecting all variables that do not interact with ;. Using the envelope

El7:(y",vi);a,b,c) = M — B(1+t,)(a+c)a

theorem, we have that
(T T 1 T . T\, T At (aT)?
V(" y") _ B+t A+l et AHD (@) ey oy
y; 27, (y") 27 (y")

Again, in writing the above derivative we used the fact that, when y; = y”, the optimal
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demand schedule for trader i induces trades equal to a’s; + b" + ¢’ 2. Using the fact that y”

satisfies

2
CRRDICHRD M Gl N

27, (y7)* 27, (y7)* ’
we thus have that the proposed policy induces the efficient acquisition of private information

only if the following condition holds

BN+ AW (Bt t) + A+ D) @+ A +0) (o) o)

27, 27T, 27, 27T,
from which we obtain that

_ a4 T T_5(CLT2
= 2 (1) [(B+ X" — (Bt, +6)a"] —27_6 g

T as a function of ¢I and rewrite A as follows

(@) [BB+N | B+ b(a")
2m, (yT)* L (1+BeT)*  1+pel] 27, (y7)*

Next, use Condition (19) to express ¢

Finally, one can verify numerically that the function V(yT, y;) is globally quasi-concave in y;.
We thus conclude that the proposed policy implements the efficient acquisition and usage of
information. Q.E.D.

6.2 Extension: Cournot Case (traders submitting market orders)

In this subsection we show that, in a Cournot equilibrium, there is no inefficiency in either the
collection or usage of information. The environment is the same as in the baseline model except
for the fact that traders are restricted to submitting market orders instead of a collection of

limit orders (equivalently, a demand schedule).

6.2.1 Efficiency in Usage

Suppose that y; = y for all 7. In any symmetric equilibrium in which the price is affine in

(0,u,n), each trader’s market order is an affine function of her private signal. That is,

r;=as; +b
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for some scalars (a,b) that depend on the exogenous parameters of the model. Aggregate

demand is then equal to

= /midi =a(f@+ f(y)n) +0.
Combining the above expression with the inverse aggregate supply function
p=a—u+ BT
from the representative investor, we then have that the equilibrium price must satisfy
p=a—u+pBb+Bald+ f(y)n). (41)
For each s;, the equilibrium market order x; = as; + b must maximize trader ¢’s expected

profits

72
I; = E (e—p)ﬂfi—)\jbi —C(yi),

where z; = a;s; + b.
Following steps similar to those in the baseline model, we have that, for any s;, the derivative

of TI; with respect to z;, evaluated at z; = a;s; + b, must be equal to zero, which yields®?
E[0|s;] —a— pb— BaE [0+ f(y)n|s;] = Mas; +b).

We conclude that the equilibrium value of b, which we denote by b*, is equal to b* = —ﬁ.

To obtain the equilibrium value of a, which we denote by a*, we replace E [f|s;] = —Z—s; and

Te+To
FW)s-mome . . .
E [n]s] %si into the above FOC from which we obtain that

Te

A (Te + 79) + Bre + BTz

YTn
Next, we can derive the expression for the welfare losses when agents do not condition on the

O A—

price. When the market orders are affine with coefficients a and b,

wi—& = a(si—0— f(ym)

from which we obtain that
2

E[(z; — )] = E[a2f(y)2¢}] = —.
(0= )% = Bl f(9)°el] = =
as in the baseline model. Recall that the first-best action is 2° = (?“TJ/(“. One can then show

that, for any (a,b), the welfare losses are equal to

_ (BB R -0)?)
WL = h

st (7 O RN o 200( ).

ZNote that E [u]s;] = 0.
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For any a, the value of b that minimizes the welfare losses is thus given by the FOC

8VVL_b+ « _0
o B+EN

We conclude that the optimal value of b is the equilibrium one: b7 = b* =

TSy <5 Replacing

the above into the expression for the welfare losses, we have that the latter can be expressed

as a function of a as follows

1 Aa — 1)? Na? 1 \a?
WiL(a;y) = _((Ba+ a1 —I—(B—'— Ja + + a)‘
2 (B + N1 YTy, (B+N)Tu YT
Differentiating W L(a;y) with respect to a and setting the derivative equal to zero gives us

the socially-optimal value of a, which we denote by a”:

OWL(a";y)  (Ba” + Xa* —1) N (B+ Na® N Aa®
Oa N To YTy YTe
from which we obtain that

=0

T __ Te %

A + BT + A9 + —5;;;" B

We thus conclude that there is no inefficiency in the usage of information in the Cournot

game.

6.2.2 Efficiency in Acquisition

We first characterize the equilibrium acquisition of private information. When each trader
J # 1 chooses y; = y and then submits the equilibrium affine market order z; = as; + b for
quality of information y, and trader ¢ instead acquires information of quality y; and then, after

observing s;, submits the market order z;, his expected payoff is equal to

2
Hi = E (0 p)xz_)\ ‘Slayz _C(yl)

where p = a — u + %, with = a(y)(0 + f(y)n) + b, with

Te
a=a =
R Y RN i
and b = —m, as shown above. For any (s;,y;), the optimal market order for trader 7 is given

by the FOC with respect to x; which yields x; = a;s; + b with

yiremy(1 = Baly)) — Baly) Lo
A (yiTeTy + To(Te + Tn))

and b = —g¢5. That is, for any (y,y;), trader i’s expected profits when all other traders

acquire information of quality y and then submit the equilibrium market orders for quality of

ai = az‘(%yi) =
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information y, and trader ¢ instead acquires information of quality y; and then submits the

market order that maximizes his payoff (the one described above) is given by

((IZ'Si + b)2

Wi(y.5) = E[(0—a+u— 60+ af(y)n+D) (as +b) - M

;yayi] - C<yi)

a; — PBaa; Baa; \a? ( 1 1 1 ) )
- AL e + —Cly,) —ab+ (1—B)b
T VYVYT 2 \Te YTy YiTe (v:) =5

where we used the shortcuts a = a(y) and a; = a;(y, y;) and the fact that s; = 0+ f(y;)(n+e;).
Replacing a; with a;(y,y;) and a with a(y), and using the Envelope Theorem, we then
have that

0y; 2 YUY 2 YT, YT Yi)-
When y is equal to the equilibrium level, which we denote by y*, it must be that
L (y*, y")
Ay
which, using the fact a;(y*, y*) = a(y*) yields

=0

C'(y")

2 (y*)*m (y*)*7e
Next, we characterize the socially-optimal value of y. Because for any y, the socially-

1«6+M@@%2 MM¢W>'

optimal usage of information coincides with the equilibrium, as shown above, using the En-
velope Theorem, we have that the optimal value of y, which we denote by y* is given by the

condition

2 2
WLl ):y) _ L (BN @D)” AMewD) | 0ry
9y 2 (y7)* 7 (y7)* 7o ’

We conclude that the the optimal value of y, which we denote by y, is given by the solution

to the following condition

2 2
(") m (y")" 7

It is immediate to see that y? = y*, implying that the equilibrium acquisition of information

is also efficient. Q.E.D.

T — %<w+xww¢» +A@@%)>'
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