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Abstract

In order to explore the incentives for information acquisition in finan-
cial markets, a model of the joint information and portfolio choice
is developed. Investors are allowed to acquire a number of signals
that inform about a risky asset’s dividend, and “informational effi-
ciency” is defined as a social planner’s preferred signal allocation. If
prices are fully revealing, a complete rational expectations equilibrium
exists—contrary to a wide-held conjecture. The equilibrium entails no
information acquisition and is informationally efficient. The reason is
that the transmission of information through price to other investors
brings market expectations closer to each investor’s own expectations.
This reduces the difference between expected payoffs and the asset
price, a negative effect of more information. When prices are only
partly informative, some investors start acquiring information as long
as markets are sufficiently small so that prices reveal little informa-
tion to others. However, the acquisition of more information inflicts
a negative externality on uninformed investors who rationally extract
information from price. Thus, markets are likely to be informationally
inefficient as informed investors tend to acquire too much information.
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Grossman and Stiglitz (1976) first formulated the following paradox: If asset
prices fully reveal the information of all investors, no investor wants to buy
information and chooses to free-ride on other investors’ information; but if
no other investor buys information, at least one investor wants to acquire
information. So, no rational expectations equilibrium can exist. Grossman
and Stiglitz (1980) restated this paradox more formally as a conjecture, which
seems to be considered true quite widely.

Is there really no equilibrium when prices are fully revealing? If it ex-
isted, a rational expectations equilibrium would involve both an equilibrium
in financial markets (at Wall Street) and an equilibrium in the market for
information (at the news stands). While a strain of literature has estab-
lished that prices in financial markets are generically fully revealing (follow-
ing Allen 1981, Jordan 1982), only few articles have investigated what that
implies for investors’ incentives to obtain information. The present paper
sets out to embed Grossman and Stiglitz’ (1980) model into a more general
framework of information acquisition in financial markets, which contains
their model as a special case. Grossman and Stiglitz’ conjecture is proven to
fail in the present framework in a particularly surprising way: No investor
wants to obtain information, not even receive it for free, when prices at Wall
Street are fully revealing. As a consequence, a unique equilibrium both at
Wall Street and at the news stands exists in which no information is acquired.
The profound reason is that information may loose the character of a good
and turn into a public bad when it becomes too common. This will also be
the recurring insight when prices are only partly, and not fully, informative.
Information can have features of a negative externality in financial markets.
Fully revealing prices are merely an extreme case.

The framework will clarify why individuals have an incentive to obtain
information: More information can raise exr ante utility for a risk averse
individual. In general, ex ante utility is increasing when the expected excess
return of the risky asset increases. Moreover, it tends to increase when the
variance of the portfolio falls. So, information is good because it sharpens
our knowledge about the dividend and thus tends to reduce the variance of
the portfolio. However, information also has a bad side in financial markets
since it affects the excess return negatively. The excess return of an asset
can be viewed as its expected dividend less the opportunity cost of acquiring
it. In the notation to be adopted soon, the excess return may be defined as
E [#] — RP, where 0 is the dividend, R the yield of a riskless bond, and P the
price of the risky asset. In general, prices play a double role: They reflect the
opportunity cost of an asset, and they aggregate and transmit information.
This double role is precisely why more information can harm investors in
financial markets. If more information gets to the market, this information is,
at least partly, transmitted through prices. But then, when rational investors



update their information, their expectation of the dividend gets closer to
market expectations which are incorporated in the price. In other words, the
excess return E [f] — RP is likely to be falling with more information! The
equilibrium price P and the expected relative payoff E [0/ R] get closer to each
other. Under fully revealing prices, this effect is so strong that no investor
wants to buy any information, and even a benevolent social planner agrees
that no information is the right choice. Under partly informative prices,
in which some external noise remains, this effect is still present. From the
point of view of less informed investors, information behaves like a negative
externality. Well informed investors feel the positive impact of a lowered
variance, but still suffer from the loss in the excess return. This loss is so
strong that a symmetric equilibrium, in which all investors are equally well
informed, cannot exist. Not even a social planner would want everybody to
become equally well informed.

1 Related Literature

The present paper uses the Lucas tree model of a financial market, reduced to
two periods. It is thus essentially equivalent to the commonly used model of
terminal wealth maximization. The main innovation of the paper is the ad-
dition of a second market, a market for information. Investors in the present
model can choose a degree of information about a risky asset’s dividend,
and buy that information in a competitive market. Grossman and Stiglitz’
(1980) model, in which investors could either acquire exactly one signal or no
signal at all, is thus a special case of the current framework where investors
are allowed to acquire NV € Nj signals. To make the analysis rigorous, I de-
part from Raiffa and Schlaifer’s (1961) early contribution to decisions under
uncertainty, and use what Raiffa and Schlaifer called pre-posterior analysis.
Adopted to financial markets, this requires ex ante utility to be the criterion
for information acquisition. Apart from the benefit of a coherent treatment,
this will allow to apply a welfare analysis to financial markets as it has been
used in many other fields of economics. “Informational efficiency” will be
given a Pareto-criterion. I blend this framework of information updating
with Hellwig’s (1980) model of a financial market. Hellwig restricts atten-
tion to the case of one signal, too, so the present framework could be viewed
as an extension in this respect. Since Hellwig’s (1980) model formulation
does not allow a closed-form solution, however, I make simplifying assump-
tions at other places to arrive at a closed-form financial market equilibrium.
Still, there is no closed-form solution for the information market equilibrium.

Of course, the present paper is also related to the long literature following
Grossman and Stiglitz’s (1976, 1980) and Hellwig’s (1980) analysis. Admati



(1991) provided an overview over this literature after a decade and a half. Re-
cent contributions include Barlevy and Veronesi (2000), Pietra and Siconolfi
(1998), Dutta and Morris (1997), or Rahi (1995), for instance. There is a sim-
ilar literature on information acquisition and transmission among oligopoly
firms (see Li, McKelvey, and Page 1987, Raith 1996). Investors are assumed
to be price takers in the present model, which may leave an extension to
imperfect competition for future investigation (compare Kyle 1989).

The approach in the present paper stands in a certain contrast to be-
haviorally inspired models on herding and informational cascades such as in
Burguet and Vives (2000), Lee (1998), Banerjee (1992), or Bikhchandani,
Hirshleifer, and Welch (1992). I do not want to suggest, however, that the
rational expectations equilibrium in the present model describes the behavior
of investors exhaustively or even correctly. I only want to draw attention to
the fact that investors may not need to rely so much on observed behavior
of other agents in markets where prices can contain an extremely high de-
gree of information. An interesting question to consider would be how long
informational cascades persist when individual information is at least partly
transmitted through prices.

This paper proceeds in three main steps. In section 2, I consider the
standard Lucas tree model of an investors’ intertemporal consumption and
portfolio choice and briefly investigate its implications for information acqui-
sition in general. In section 3, I derive the closed-form solution of the market
equilibrium under fully revealing prices. Contrary to a commonly held as-
sertion, market prices can be fully revealing and an equilibrium exists. The
properties of this equilibrium are indicative of the more general insights to fol-
low. In section 4, I consider one possible generalization to partly informative
prices. I derive the closed-form solution for the financial market equilibrium
and analyze the characteristics of the information equilibrium, for which no
closed-form exists. Section 5 concludes.

2 A Well-known Model, Extended

For simplicity, suppose that all securities loose their value after only one
period. In addition, suppose that there are but two assets on Wall Street:
One riskless bond and one risky stock. When Wall Street opens today at
10am, investors can choose their portfolio. Both assets will yield a payoff
tomorrow once and for all. The bond is going to pay the principal plus
interest R = 1 + r tomorrow, whereas the stock is going to pay a risky
dividend 6. Today, the bond costs exactly one dollar, while the stock will go
for P dollars to be set by a Walrasian auctioneer at 10am. All investors hold
prior beliefs about the distribution of the dividend 6. Newsstands open at
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Figure 1: Timing of Information Revelation and Decisions

9am today.

Investors can, of course, choose to completely ignore newspapers and only
observe security prices at Wall Street. Let’s call these guys “price watchers.”
After all, price watchers know that the price P will convey market informa-
tion about tomorrow’s dividend since P is a function of all other investors’
asset demands which in turn reflect their information. If at least some of
the other investors have purchased newspapers, the pure price watcher can
free-ride on their information by merely looking at the price. In the most
extreme case, the stock price at 10am will fully reveal all investors’ infor-
mation (not 6, of course, but the content of all newspapers that others have
read). This is one possibility, to be revisited in section 3. Alternatively, the
price may contain noise. Then it only partly informs about other investors’
knowledge—a more realistic possibility analyzed at large in section 4. A pure
price watcher combines his prior knowledge about 6 with the information that
he can extract from the price, and then makes his portfolio choice.

However, investors may also choose to buy newspapers at 9am. Let’s
call investors who do so “news watchers.” Besides reading newspapers, news
watchers still use the price P to extract additional information (unless they
consider it redundant to the information in the newspapers). To become a
news watcher requires a fixed but not sunk cost F' for wasting time with the
sales person at the news stand, for reading the newspaper, and for taking
time to interpret the information.! Each newspaper goes at a unit cost c.
How many different newspapers should a news watcher buy? When standing
in front of the news stand at 8.55am, each news watcher knows that she will
base her portfolio decision, to be taken at 10am today, on the information

IThe fact that F is fixed and not sunk allows each news watcher to become a price
watcher by buying N* = 0 newspapers. I will also consider the case of F = 0.



that she is about to get out of the newspapers at 9am. She also knows the
statistical distribution of the information in the newspaper, which is more
informative than her own prior beliefs. Taking all this into account, she
rationally evaluates what a newspaper is worth to her and makes her best
choice. Formally, a news watcher maximizes her (pre-posterior expected)
indirect utility, or ex ante utility, with respect to the number of newspapers—
given her information at 8.55am, her anticipation of how signals are likely
to affect her beliefs in five minutes, and her expected portfolio choice to be
taken at 10am. This timing of decisions is illustrated in figure 1. Given her
wealth W} and her prior information, a news watcher first chooses the number
of newspapers to buy, or, in the language of a statistician, the number of
signals N'. A news watcher then receives the realizations {s}, ..., s} of these
N* signals {S], ..., S4:} (she gets to know the newspaper content). Given
this information, she finally chooses consumption today, Cj, and decides
how many bonds b* and how many risky z* assets to hold for consumption
tomorrow. This is the model in a nutshell.

What is the right timing of information acquisition? Or, why the time
difference between 8.55am when investors have to choose the number of news-
papers and 9am when news stands open? Note that an investor cannot know
what is written in the newspaper when she takes her decision on information
acquisition. Otherwise she would not need to acquire the information any-
more. It would rather be part of her prior beliefs already. In other words,
there must always be a logical second between the acquisition of a newspaper
and the revelation of its content, on which the portfolio decision will be based.
I extended the logical second to five minutes in the above description (or to
an hour and five minutes if you so want). Formally, this logical second makes
all the difference between pre-posterior beliefs and posterior beliefs. In her
pre-posterior beliefs a news watcher rationally anticipates how the N* signal
realizations to arrive will most likely affect her portfolio choice. Her posterior
beliefs, however, incorporate the signal realizations themselves. Pre-posterior
beliefs, in turn, are different from mere prior beliefs exactly because of the
anticipation of more precise future information. In more economic language,
the logical second takes us from pre-posterior or ex ante expected indirect
utility, not knowing the newspaper content, to posterior expected indirect
utility, knowing the newspaper content.?

To make things concrete and formal, let investor ¢ maximize additively
separable utility under a discount factor 6 < 1 and an instantaneous utility

2To all my knowledge, Raiffa and Schlaifer (1961) first proposed the notion of pre-
posterior analysis. When talking about utility, I will generally keep the more common
economic term of ex ante utility, but use the adjective pre-posterior for the according
distributions at this stage of beliefs.



function u(-) that is increasing and concave. That is, let her maximize
U' =u(C}) + OE [u(C}) | F7] (1)

with respect to consumption today, Cj, and tomorrow, C}, and a portfolio
choice. F* denotes the information set available to investor i at the time of her
portfolio choice. Besides the price P, it contains the realizations {si, ..., sﬁvz}
of the N* signals {S}, ..., S4.} that she has acquired. For ease of notation,
I will usually abbreviate investor i’s conditional expectations E [-|F*] with
E'[] = E[- |F']. These expectations are different for each investor in general
unless all information is publicly available and commonly known.
The intertemporal budget constraint of investor ¢ is

V' + Px' = W, — Ct — F' — cN* (2-a)

so that A A A
C] = Rb" + 0x' (2-b)

will be available for consumption tomorrow. The investor is endowed with
initial wealth W, and decides about her consumption C} and Cf in each
period, her holdings of the riskless bond b?, her holdings of the risky stock
2*, and how much information N? she wants to buy. If an investor acquires
at least one newspaper, she has to incur the fixed cost F'. To indicate this,
we can use the shorthand F' = 1(N* > 1) - F. While assets are assumed to
be perfectly divisible, signals have to be acquired in discrete amounts.?

On the second stage, after having received the realizations of her N ‘
signals {53 j»\’:zl, each investor decides on asset holdings and consumption
given the asset price P. A price watcher receives no signals and simply relies
on the price. In any case, at the second stage every investor has updated his
or her beliefs about the dividend’s distribution to a posterior distribution,
given the signal realizations. The Euler conditions for the problem at this
stage are therefore

g e i) (3-a)
0 u'(Cg)

and A
L PCACil (3-b)
0 u'(Cg)

3For a signal to contain information, its distribution has to depend on #. So, a con-
tinuum of signals (or an infinite number of them), will a.s. reveal the exact realization
of 6 to news watchers. For markets to clear, P must equal §/R in this case, otherwise
news watchers want to reshuffle their portfolio. But then the price fully reveals 6 itself
and removes all uncertainty—an unrealistic case of little interest.



where expectations E'[-] are conditional on the realizations of the signals and
the asset price. The optimal choices C}*, b** and z* are decision rules de-
pending on the price P, on the chosen number of signals N* (which has been
decided earlier), and on the information transmitted through the signal real-
izations and the price P. The choices of f’*, b** and z* imply a level of pos-
terior indirect utility, which we can denote by U™ = u(Cy*) + SE' [u(C}")].

On the first stage, the investor chooses the number of signals she wants
to receive. She does this by maximizing ex ante utility given her informa-
tion before the realizations of the signals arrive. At this time she cannot
know more than the prior parameters of the respective distributions, but
she builds her new pre-posterior beliefs by taking into account how sig-
nals will most likely change her beliefs in the next stage. FEz ante utility
is B}, [U] = B, [u(Cy")] + 0B}, [u(C1™)] by the law of iterated expec-
tations. The optimal number of signals N** € Ny maximizes ex ante utility

Ei (U],

'pre
These observations immediately imply

Lemma 1 Suppose signals are costly. Then an investor acquires no infor-
mation

e if she is risk neutral, or

e if the prior distribution is insensitive to changes in the number of sig-
nals. That is, if the pre-posterior distribution of the fundamental and
the prior distribution coincide.

Proof. Suppose the investor is risk neutral. Then there is no benefit from a
signal. Bz ante utility degenerates to Cy™ + 6B, [C7”]. For a risk neutral
investor to neither demand a positively nor a negatively infinite number of
assets, E'[¢] = RP and R = 1/ in a financial market with no arbitrage
(or in equilibrium). Thus, ez ante utility becomes C5* + EL., [C1™] =
Wi — F"— cN' by (2-a) and (2-b). Ez ante utility of a risk neutral investor
is independent of the portfolio composition. As a result, signals only cause
costs, but do not have a benefit, which proves the first statement. To prove
the second statement, suppose the prior distribution of the fundamental is
insensitive to the number of signals. Then an additional signal weakly reduces
both u(Cy*) and u(C}*), and strictly reduces at least one of the two, for
any future realization of the dividend. Since the prior distribution of the
fundamental is supposed not to change, a signal cannot have a benefit in this
case either. [ ]

A risk neutral investor is indifferent whether she holds a risky stock or a
riskless bond in her portfolio. Hence, she would never act upon information,
which makes information useless to her. As immediate as lemma 1 may seem,



it has important consequences. It clarifies that the incentive to purchase
costly information is closely linked to risk aversion and higher-order moments
of the risky asset’s distribution. Risk averse investors do care about their
portfolio composition, whereas their risk neutral colleagues don’t. The fact
that information has no value for risk neutral investors also highlights that
information is not a good or bad in its own right. It has only value if it
affects our decisions.
For the remainder of this paper, I will make the following assumptions.

Assumption 1 (Risk) The prior variance of the risky asset return is strictly
positive and finite.

Assumption 2 (Common risk aversion) Investors are risk averse and share
a common and certain degree of risk aversion, all else equal.

Assumption 3 (Common priors) Investors hold the same prior beliefs about
the distributions of the risky asset return, the signals, and the supply of the
risky asset.

Assumption 4 (Conditional independence) Signals are conditionally inde-

pendent given the dividend’s realization. Formally, S}]@ - f(sé» 10).

Assumption 5 (Equal precision) All signals have a constant common pre-
cision 1/0%.

Assumption 6 (No borrowing constraint) Investors can carry out unlimited
short sales.

Assumption 7 (Price taking) Investors are price takers in all markets.

Assumption 8 (Rationality) Investors are fully aware of the correlation be-
tween signals and the asset price in equilibrium.

Assumptions 2 through 6 are made for convenience. They also happen
to be necessary conditions for prices to become fully revealing. However,
an uncertain asset supply will ultimately prevent prices from being fully
revealing (section 4). As Hellwig (1980) observed, assumptions 7 and 8 stand
in a certain conflict. Investors are assumed not to take into account how
their asset demand affects price. Yet, they are assumed to perceive how
the equilibrium price correlates with their own information through their
demand. Hellwig called investors of this kind “schizophrenic.” Kyle (1989)
has provided a way out by allowing that investors behave like “monopsonists”
when demanding assets. However, to enhance tractability of the model, I
retain assumption 7 throughout this paper. Finally, to obtain closed-form
solutions, let’s suppose the following.



Assumption 9 (CARA) Investors have CARA utility with u(C) = —e™7C.
Assumption 10 (Normality) Random variables are Gaussian.

This last assumption implies that the dividend realization can be negative or
positive. Consequently, it entails the more profound assertion that investors
are prevented from rejecting a negative payoff through a well-working legal
system.

3 Fully Revealing Prices

In this section, I reconsider the benchmark case of fully revealing prices
both to revisit Grossman and Stiglitz’s (1976, 1980) famous paradox and
“no equilibrium conjecture,” and to clarify the guts of the model. For this, I
make the assumption that supply of the risky asset is certain and known to
all investors. It takes the value z. I will first establish the financial market
equilibrium at Wall Street. Second, I will prove the existence of a unique
rational expectations equilibrium both at Wall Street and at the news stands
under fully revealing prices. I finally discuss its efficiency properties.

3.1 The financial market equilibrium

Suppose that, at 10am, all investors have possibly different information about
the two parameters p! and 7¢ of the risky asset’s distribution. Dividends are
normally distributed. So, 8 ~ N (u’, (79)?). As for 8.55am, however, all
investors have been assumed to share the same priors about the distribution
of 6 (assumption 3). So, fib.;,, = fig and 7., = To. We would like the
distribution of the signals to be such that both the prior and the posterior
distribution of 6 are normal. In fact, assuming a normal distribution of the
signals (assumption 10) along with conditional independence of the signals
(assumption 4) has already done the job. Concretely, let each signal be
independently normally distributed conditional on 6 with S}]@ ~ N(0,0%).
So, every signal has exactly the same precision 1/0% (assumption 5). Then
we obtain

Fact 1 Suppose that the prior distribution of 6 is a normal distribution with
given mean fig and variance 7;. Suppose also that the signals S}, ..., Sk, are
independently drawn from a normal distribution with unknown mean 0 and
conditional variance o% . Then the posterior distribution of 0, given the
realizations si, ..., sévi of the signals, is a normal distribution with a mean-

variance ratio
M po 1 ;
(r1)2 ==t Z 5}
T T p=




and variance

, 1
\2
T i T
6 S

Proof. Apply fact 2 in appendix A (p. 41) to conditionally independent
signals. n

The mean-variance ratio y'/(7%)? will play an important role for investors’
decisions. The posterior mean ' can be inferred by multiplying the mean-
variance ratio with (79)%. Since a sum of normal variables is normally dis-
tributed, fact 1 implies that the pre-posterior expectation of the posterior
mean is B (4] = fig. It is independent of the number of signals as it has to
be in general by the law of iterated expectations. While the posterior mean
is a random variable, the normal-normal pair of distributions has the rare
property that the posterior variance (7%)? is certain given the chosen number
of signals. In light of lemma 1, it is important that the pre-posterior vari-
ance is changing in the number of signals N*. Indeed, fact 1 is good news for

risk averse individuals: News watchers can lower the pre-posterior variance
of the risky asset E¢ _[(79)?] = (79)? = 1/ <% - é]\“) by purchasing more

'pre
information.

For now, let’s only focus on the financial market equilibrium, that is let’s
restrict attention to the equilibrium at Wall Street and disregard the market
for newspapers for a moment. So, we have taken a time jump to 10am. For
CARA utility, the marginal utility ratios in first order conditions (3-a) and

(3-b) become u/(C?) /u/(CE) = e (¢1C)  Since
C}—Cl=(1+RWb + (0 + Pz’ — Wi+ F' +cN*
by (2-a) and (2-b), the first order conditions (3-a) and (3-b) simplify to

= RE [ D] = R g R [e+] (4-a)

O”|~U°’2|}—‘

. [0 e—WCi—Cé)} — HE [0 : e—wiﬂ (4-b)

where H' = exp (=7 [(1 + R)V' + Pz’ — Wi + F' + ¢N']) is certain. The ex-
pected values in (4-a) and (4-b) have simple closed-form solutions for a nor-
mally distributed dividend. They are reported as facts 3 and 4 in appendix A
(p. 41). Applying these facts to (4-a) and (4-b), and dividing one by the other,
yields demand for the risky asset

.. LE'[6-RP
MR

=

(5)



with E?[f] = p'. As is well known, demand for the risky asset is independent
of wealth for CARA utility. Throughout this paper, the term E’ [§ — RP] in
(5) will be key. It denotes investor i’s expected excess return of the risky
asset over the opportunity cost of one unit of the risky asset. A news watcher
will go short in the risky asset whenever E [] = ' < RP, that is whenever
her posterior expectation of the dividend falls short of opportunity costs RP,
and go long otherwise.

In equilibrium, asset supply equals asset demand, that is 22‘1:1 v = 7,
where T has been assumed to be certain for this section. Thus, the equilib-
rium price P of the risky asset is implicitly given by

R S G RN T N
RP = %25:1 (;)2 [(IZZI (Ti)2> I] . (6)

This relationship sheds light on the double role of prices in financial markets.
On the one side, RP is the opportunity cost of one unit of the risky asset, in-
dicating its scarcity or value to investors. On the other side, prices aggregate
all investors” information. Neglecting z, RP can also be viewed as “market
expectations” of the risky asset return (where market expectations are the
average expected dividend, weighted by subjective variances). Looking back
at (5), we could also have stated cum grano salis that a news watcher will go
short in the risky asset whenever her posterior expectation of the dividend
falls short of market expectations RP, and go long otherwise. This already
hints at the fact to be established later that investors will reduce their asset
demand in situations in which their own information is very similar to the
market information.

Given optimal asset demand z%*, posterior indirect utility of investor 4
can be shown to equal

1

U = —LER(GRYER ¢ TR (Wi-F'=eNY) i [e—W’*”‘RP)} R

for CARA utility, irrespective of the distribution of the risky asset return
(see appendix B, p. 43). Only investors who buy a positive amount of signals
have to pay the fixed cost F'. To express this, I have used the short hand
F'=1(N > 1) F in (7) again. For a normal distribution of the dividend,
the last factor in (7) becomes

E? [exp {—»yxz‘,*(e — RP)}] =exp {—% (ﬂ) }

TZ

by fact 3 and asset demand (5). Note that RP is certain from a posterior
point of view. Using this in (7), posterior indirect utility for a normally

12



distributed dividend can be written

U”::—H~@@{ T{%#F”+CN6}<mp{ ;ﬁ?;(“:;ﬁp)Z}(a

for k' = %(51%)1%1% exp { =72 Wi} > 0. The last factor in (8) contains
the posterior variance (7°)? twice, while it in fact cancels. Writing it this way
will simplify later calculations.

This posterior indirect utility finally hints at one of the most important
insights to be established soon: investors may suffer a utility loss when their
own information gets very similar to the market information. So, information
obtained by news watchers and transmitted to price watchers through prices
may in fact have features of a negative, and not a positive externality for
those price watchers.

Investors i = 1, ..., I choose their portfolios, b’ and z°, given their respec-
tive information sets F* = {RP;si, ..., s} if they are news watchers and
F' = {RP} if they are price watchers. If prices are fully revealing, however,
then the average of all signal realization received by any investor will become
known to everyone through the price. So, if prices are fully revealing, all
information sets become equivalent and F* = F.4

Then fact 1 implies that the equilibrium price P of the risky asset is
implicitly given by

1 G 11 om 7x
RP = ‘—— +o § : (9)
L_i_a%%zilej\p o5 1 i=1 j=1

=2
To

where RP is the opportunity cost of the risky asset. In equilibrium, every
investor chooses an optimal number of signals, given the information choice
of all other investors. So, >, N is known to every investor i. Since
everything else in RP but the sum of signal realizations is also known to
every investor, the sufficient statistic 2 ZZ 1 Zj 1 sj becomes fully revealed
to everyone through price. The followmg lemma explicitly restates necessary
conditions for this to occur.

Lemma 2 The equilibrium price of the risky asset P fully reveals all market
participants’ information % 25:1 Zj\il sé only if

e assumptions 1 through 5 are satisfied,

4Formally, all investors’ information sets become Fi = F = {+ Y71 Zjvzl si}. A
complete derivation of this result can be found in appendix I (p. 57). There the fully
revealing equilibrium is treated as a special case of the most general model.
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e supply of the risky asset is certain,
e the number of investors is certain,

e the total number of all other investors’ signals ZJI# N? is known to
each investor i1 at the time of the portfolio choice, and

e assumption 6 is satisfied.

Proof. The first four conditions follow by inspection of the general solution
for the market price

1

ki = _Zf _—§+—225;1 -
Il (B AN TS\ s

~| 8

For the last necessary condition, consider the case in which some investors
cannot go short in the risky asset due to the borrowing constraint. Then
another investor will not know whether the equilibrium price is low because
many relatively poor investors received bad signals and hit their borrowing
constraint or whether only a few relatively wealthy investors received ex-
tremely bad signals. As a consequence, some uncertainty remains and the
price cannot be fully revealing. |

In the light of lemma 2, fully revealing asset prices seem unlikely to occur
in practice. They are still an important theoretical benchmark case. Yet, ever
since Grossman and Stiglitz’s (1976, 1980) seminal articles, fully revealing
market prices have been dismissed with the theoretical argument that no
equilibrium existed. In this and related arguments, some important features
of informational externalities appear to have been overlooked as results in
the following subsection may clarify.

3.2 The information market equilibrium

A complete market equilibrium both at Wall Street and the news stands can
be defined as follows.

Definition 1 (Rational Expectations Equilibrium) A rational expectations
equilibrium is an allocation of x** risky assets, b"* riskless bonds, and N**
signals to investors i = 1,..., 1. It involves an asset price P, a signal price c
and a fized cost of news watching F along with a set of beliefs such that

1. asset demands x** and b>* are optimal given opportunity cost RP and
the respective information sets F* for investors i =1,...,1
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2. the choice of signals N** is optimal for investors i = 1,...,1 given the

sum of all other investors’ signal choices Z#i N and given the costs
c and F

3. the market for the risky asset clears, 22‘1:1 v =T, and
4. investors’ beliefs are consistent with the equilibrium outcome.

This could be called a ‘hybrid’ equilibrium. On the first stage of the game,
investors choose the number of signals given the choice of all other investors
and a Bayesian Nash equilibrium results. The equilibrium can be considered
Bayesian since investors anticipate their Bayesian updating of beliefs when
signal realizations arrive. On the second stage, investors do not perceive their
impact on price by assumption 7 and a Walrasian competitive equilibrium
results, given the Bayesian Nash equilibrium on the first stage of the game.
The mixture of elements of a Bayesian Nash equilibrium with those of a
Walrasian equilibrium makes the definition ‘hybrid.’

The market for the riskless bond clears by the assumption of a perfectly
elastic world supply given the world interest factor R = 1+r. The market for
information clears under the implicit assumption that there is an infinitely
elastic supply of information. That is, any number of signals can be produced
at unit cost c¢. Given their anticipation of a financial market equilibrium as
outlined in the previous subsection, investors choose their level of information
on the first stage. Since the cost of becoming a news watcher is fixed, but not
sunk, a choice of N* = 0 signals means that an investor decides to become a
price watcher.

To make her choice of information, each investor maximizes pre-posterior
indirect or ex ante utility. If prices are fully revealing, the posterior parame-
ters are the same for all investors, that is u* = p and 7° = 7 for all investors
i. Therefore, RP = p — 272 for fully revealing prices by (6) and posterior
utility is certain. Hence, ex ante utility E;re [U%*] simply equals the certain
posterior indirect utility

. . . R . . 1 72 VI 2
E'L v,% — v —F'L N’L . _ <_) 1
pre[U } kexp{ 1—|—R( +c )} exp{ 51 R T } (10)
for
5 1
- )
DRy SN

Even though investors may only choose a discrete number of signals, it
does no harm in the present context if we differentiate ex ante utility (10)
with respect to N'. Taking the derivative and multiplying it by the positive
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factor —(1 + R)/E},. [U™*] yields
1+ R OE,.[U"] 1 yzy\2 7
B ~ — yRe—=(E) Lo <o 11
E [0 0N ke=3(7) o2 <Y (1)

So, no matter whether investors add a discrete or real number of signals, each
additional signal lowers their ex ante utility! Therefore, the unique rational
expectations equilibrium involves zero information. No investor wants to
acquire any signal even if nobody else acquires a signal. Moreover, even if
newspapers were free of charge (¢ = F = 0), investors would refuse to open
them and throw them away unread.

Theorem 3 Suppose that the asset price is fully revealing. Then there is a
unique rational expectations equilibrium. No investor acquires information
in this equilibrium even if signals are for free.

Proof. By inspection of (10). ]

Since investors in Grossman and Stiglitz’ (1980) model only have a choice
between one signal or no signal, their model is a special case of the present
framework which allows for any finite number of signals to be acquired (N? €
Np). Grossman and Stiglitz (1980, Conjecture 6) wrote: “In the limit, when
there is no noise, prices convey all information, and there is no incentive to
purchase information. Hence, the only possible equilibrium is one with no
information. But if everyone is uninformed, it clearly pays some individual
to become informed. Thus, there does not exist a competitive equilibrium.”
This and similar conjectures can be found in the literature ever since. Recent
examples include Romer (1993) and Barlevy and Veronesi (2000). The latter
authors remark: “Finally, as Grossman and Stiglitz point out, we need to
prevent prices from being fully revealing; otherwise an equilibrium will fail
to exist.” This “no equilibrium conjecture” is proven to be wrong in the
present more general framework. The reason is that, even if everyone is
uninformed, it does not pay any individual to become informed. Under fully
revealing prices, any signal reduces the expected excess return of the risky
asset E'[§ — RP] = 7—;7"7'2. Consequently, information is not a public good,
but a public bad under fully revealing prices.

Somewhat separately, a number of articles in mathematical economics has
investigated fully revealing equilibria, too (see e.g. Allen 1981, Rahi 1995,
Pietra and Siconolfi 1998). These articles establish that, generically, a fully
revealing rational expectations equilibrium exists at Wall Street. Beyond
those articles, the present framework explicitly analyzes the incentives for
information acquisition and incorporates a market for information at the
news stands. Without claiming generality, the present framework presents
an example in which a fully revealing equilibrium exists but prices will contain
no information.
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3.3 Informational efficiency

So, a complete financial and information market equilibrium exists under
fully revealing prices. However, investors choose to acquire no information
at all so that nothing can get revealed in fact. Is this informationally efficient?

The present consumption maximization framework allows for a classical
welfare analysis, applied to information. Think of a benevolent social planner
who can dictate every investor i to buy exactly N“** signals. This social
planner maximizes y_;_, Ef , [U***] with respect to {N', ..., N}, where U%**
denotes posterior indirect utility after the social planner has implemented an
allocation of newspapers to investors.> Thus, similar to Samuelson’s (1954)
seminal condition for public good provision, a benevolent social planner’s
does not consider condition (11) for signal acquisition but rather

14 R OYL B [0

pre

= —Rc (12)

Ly 3 e ("]

2\ 1/ Id? Py K. (U]
for k = 1,...,I (pretending again that signals are divisible for simplicity’s
sake). Thus, the second term in every investor’s condition is scaled up by
a factor of 1+ (1/E%,., [U**]) - ZZI# E.. [U"*] > 1 for every single investor
7. Since information is not beneficial but undesirable for each and every
individual investor under fully revealing prices, the benevolent social plan-
ner emphatically agrees with the private market solution: No news watchers
under fully revealing prices, please. If one price watcher bought a signal
and became a news watcher, he would not only reduce his own excess re-
turn E’[§ — RP], but that of any other investor, too. The unique rational
expectations equilibrium is therefore informationally efficient.

Theorem 4 Suppose that the asset price is fully revealing. Then the unique
rational expectations equilibrium, in which no investor acquires information,
1s informationally efficient.

Proof. By inspection of the sum of (10), or (12). n

One might conjecture that the result would turn out to be less extreme
under dividend distributions that are not symmetric. The same result, how-
ever, can be shown to hold for the gamma-Poisson pair of distributions, t0o.%

SPassing by, I have confined the social planner to leaving every investor with his or her
beliefs. The social planner cannot transfer knowledge between investors.
6For a derivation, see the author’s web page http://socrates.berkeley.edu/ muendler/.
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Theorem 4 also sheds some new light on Grossman and Stiglitz’ (1980) more
general assertion that financial markets are unlikely to be informationally
efficient in general. Information need not have the character of a public good
in all circumstances. It may actually be a public bad, and no information
acquisition can be socially desirable! Under fully revealing prices, informa-
tion is a perfect strategic substitute. No matter which price watcher dares
to buy a signal, he harms himself and everybody else in the market.

4 Partly Informative Prices

The previous section has shown that investors rationally choose not to be-
come news watchers when prices are fully revealing. To arrive at a more
realistic information market equilibrium, suppose that the asset price is only
partly informative about tomorrow’s dividend. For this, only one of the nec-
essary conditions in lemma 2 needs to fail. To make things concrete and to
keep the tradition of the previous literature, suppose that supply of the risky
asset is uncertain. To keep things simple, assume that investors cannot buy
information about asset supply. In particular, let the asset supply be nor-
mally distributed with X ~ N(Z,w?) and independent of any other random
variable in the model.

The derivation of the financial market and information market equilib-
rium is based on an extension of Hellwig (1980). Whereas Hellwig’s general
model does not have a closed-form solution, I aim at obtaining a closed-form
solution for my extension and make two additional assumptions. First, each
investor has to choose the membership in either of two groups. She can either
become a news watcher and do what the group representative mandates, or
become a price watcher. This will affect the equilibrium definition. Second,
I make an additional assumption.

Assumption 11 (Perfect copies) All signals are sold in perfect copies.

This is not so unrealistic considering that the large majority of investors ob-
tains information from publicly accessible media in practice. Assumption 11
rules out, however, that an investor may talk in private to the CEO of the
stock-issuing firm.

I proceed in similar steps as in the previous section. First, I derive the
complete financial market equilibrium in closed-form and discuss, second,
its immediate implications for information acquisition. Third, I analyze the
information equilibrium which does not have a closed-form solution. Finally,
I discuss its welfare properties.
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4.1 The financial market equilibrium

Investors can update their information both through newspapers and through
observation of the asset price. Then investors act upon these signal realiza-
tions, and signal realizations make their way into asset price. Therefore, one
signal, the asset price, is no longer conditionally independent of the other
signals. As a consequence, to derive a complete financial and information
market equilibrium under partly informative prices, we need a generalization
of fact 1 to the case of correlated signals. The according property is reported
as fact 2 in appendix A (p. 41). Rational investors, who know the correla-
tion in equilibrium, update their beliefs accordingly. They infer a conditional
distribution of 6—given the signal realizations that they received, given the
equilibrium price that they observed, and given their respective correlation
as it occurs in equilibrium.

After correctly inferring the correlation between their signals and oppor-
tunity cost RP in equilibrium, rational investors base their portfolio choice
on this knowledge (assumption 8). Thus, a rational expectations equilibrium
as in definition 1 is a fixed point that results in no excess asset demands
and consistent beliefs (see Hellwig 1980 for a general argument). Due to
the mutual dependence of asset demands on equilibrium beliefs and beliefs
on equilibrium asset demands, a complete financial market and information
market equilibrium can be complicated to characterize, and often has no
closed-form solution.”

To obtain a closed-form solution for the financial market equilibrium in
this section, let’s consider a subclass of equilibria (for the general equilibrium
see appendix I, p. 57). As before, there are two groups of investors: Price
watchers and news watchers. Now, however, let’s require that news watchers
be a homogeneous group. They must not independently decide on different
amounts of information. Instead, they must jointly pick a number of identical
newspapers, acquire them and read them or not. Or, in more intuitive words,
a “news watcher representative” enters an agreement with all news stands at
8.5bam to offer exactly N different newspapers and to sell one copy of each
to every news watcher at 9am. If the group representative determines that
a strictly positive number of newspapers be purchased, all news watchers
agree to go to a news stand at 9am, to pay the fixed cost F, and to buy
N newspapers at a cost of ¢ each. If the group representative happens to
mandate that no newspaper be purchased, news watchers jointly become

"For the derivation of the equilibrium under fully revealing prices in the previous sec-
tion, we were able to take a shortcut at this point. In particular, we could use the fact
that the information sets of all investors had to coincide under fully revealing prices. As
a result, we never needed to explicitly consider the correlation of signals and RP (but in-
vestors implicitly evaluated this correlation correctly). A detailed derivation can be found
in appendix I (p. 57).
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price watchers and do not pay the fixed cost F'. Among the I investors, a
share A = I /T chooses to be news watching in equilibrium.
An according equilibrium definition is

Definition 2 (Two-Group Rational Expectations Equilibrium) A two-group
rational expectations equilibrium is an allocation of x** risky assets and b**
riskless bonds to investors v = 1,...,1, a share X\ of news watchers, and an
allocation of N signals to each news watcher. It involves an asset price P, a
signal price ¢ and a fived cost of news watching F along with a set of beliefs
such that

1. asset demands x* and b>* are optimal for all investorsi = 1, ..., I given
opportunity cost RP and their respective information sets F¥V for a
news watcher and FEW for a price watcher

2. (a) the choice of N signals is optimal for every news watcher given
that there are A1 news watchers, and given the costs ¢ and F

(b) receiving no signal is optimal for every price watcher given that
there are A I news watchers receiving N signals,

3. the market for the risky asset clears, 22‘1:1 v =T, and
4. investors’ beliefs are consistent with the equilibrium outcome.

Condition 2 is the main requirement in this definition. First of all, in equi-
librium a news watcher must not want to object to the group representative
about the choice of N. Or, in other words, she must want to read the N
newspapers that she is required to buy and not want any further newspaper.
Similarly, a price watcher must not have an incentive to switch group. If
N* =0 or \* =0 or both, everybody is a price watcher in equilibrium.

In the previous section on fully revealing prices we have seen that the
equilibrium asset price (9) is a linear function of the signals }-, 3 s% and
the certain asset supply z. In the current framework, the supply X of the
risky asset is uncertain and all news watchers buy copies of the same N
newspapers (assumption 11). Yet, suppose that there is a unique financial
market equilibrium under partly informative prices, in which the price will
satisfy a very similar linear structure. Suppose,

N
Rp:ﬂ'o—i-ﬂ'szsj‘—ﬂ'xX (13)

j=1

for three coefficients 7, g, 7x to be determined. That this guess is right
will be confirmed soon.
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To make his portfolio choice at 10am, each price watcher takes into ac-
count how 6 and RP are jointly distributed from a posterior perspective. At
this time, he extracts all possible information from his observation of RP
and infers the most likely realization of the dividend 6 applying fact 2 (ap-
pendix A, p. 41). To update his beliefs to posterior beliefs, a price watchers
departs from his pre-posterior knowledge. At 9am he knows that there are \I
news watchers and that they read N newspapers. So, from a price watcher’s
perspective, the joint pre-posterior normal distribution of § and RP has a
vector of means iV = (fig; o + msNjig — mxT)T and a variance-covariance
matrix
B 7 TsNT}

N ( nsNT? 7iN (N7} +0%) + mxwi ) '
Recall that signals are conditionally normally distributed S;|6 ~ N (6, 0%) so
that V (S;) = Vo (E[S; |0]) + Eo [V (S;10)] = 77 + o&.

When Wall Street opens, the price watcher observes RP, updates his
pre-posterior to posterior beliefs applying fact 2, and arrives at the updated
expected value of the dividend

EPW

E[0|RP; A\, N] = pu"" =mi"W + mLp RP (14)
and the updated variance of the dividend V (6| RP; A\, N) = (77'W)2, where

PW _ (T§Nog + miwk )i — msN(m — mxT) 75

15-
™ TIN(NT + 07) + nkul - (15a)
—2

PW TsNT
_ 15-b
MRE = TINNT + 0%) + (15-b)
(TPW)Q . (WgNUg + Wg(wg()fg (16)

- mIN(NT2 +0%) + rdw?’

A news watcher proceeds in a similar manner. Given any choice of N that
the news watcher group happens to take, she considers the pre-posterior joint
normal distribution of #, RP, and the NN signals. Then she asks herself, what
her posterior knowledge will be, once having received the signal realizations
S1,...,8n and having observed RP. For this, she can take into account that
nobody else will receive better information than she does. Other investors are
either price watchers and receive no signal at all, or they are news watchers
and receive exact copies of her own NN signals. As a consequence, prices are
fully redundant for her. Prices contain no additional information beyond the
knowledge that she gets out of her N newspaper copies already. A formal
proof of the redundancy of RP is given in appendix C (p. 44).
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Therefore, a news watcher can disregard RP for her updating and simply
apply fact 1 (p. 10). As a result, her posterior belief about the dividend is
that it is normally distributed with conditional mean

E[OIRP;SIM"’SN;)HN]ZIU/NW:mO +mSWZSJ (17)

and conditional variance V (6 | RP; s1, ..., sn; A, N) = (7VW)?2 where

2 —
NW O 5o
- S 18-
mO O_% + 7__02N7 ( a)
L (18-b)
0?9 + 7_'92]\7
NW\2 ‘72‘7_'02
= -2 19
()= (19)

by fact 1.

We now know the subjective posterior distributions of all investors. In-
vestors base their portfolio decisions on these posterior distributions, and
demand z%* as given by (5) for i = PW, NW. Asset markets at Wall Street
must clear. So,

(T=A) -2 4 X VW = 7
where x is the realization of the uncertain asset supply X. Hence, the real-
ization of equilibrium price must satisfy

1
RP - 1-m%
(1 - )‘> (TPVII/U; + )\(TNW
PW NW NW N
my My
<(1 - (TPW)2 + )\(TNW> 7.NW Z 55— 7[)

1
L+ [(1-NFEES 0k } N
0

ZNoZ+m5 w5

fo wsN(mg — TxT)
1—A 2
(B-0-nZe TN 7). @

XwX

The second step follows from (15-a) through (16) and (18-a) through (19).
We can now match the coefficients o, 7g, and 7x in equation (13) with the
according terms in (20). This yields a non-linear equation system in three
equations and the three unknowns 7y, s, mx. The equation system happens
to have a unique closed-form solution.
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Lemma 5 There exists a unique two-group financial market equilibrium for
a given share A of news watchers and a given number of signals N under
equilibrium definition 2.

Proof. The closed-form solution of this equilibrium is derived in appendix D,
p- 45. Uniqueness can be established by assuming price to be a higher-order
functional of Zjvzl S; and X, and leading that assumption to a contradiction.
]

This financial market equilibrium is still a partial equilibrium, given that
there are A\ I news watchers who purchase N signals each. Our main focus
lies on its implications for the incentives to acquire information and the
simultaneous information market equilibrium at the news stands.

A first insight is already implicit in (13) and (20). The financial mar-
ket equilibrium is unaffected by investors’ individual wealth because asset
demand is independent of wealth for CARA utility. Information is merely
a secondary good that helps investors make better portfolio decisions. So,
the demand for information within in the news watcher group is going to be
unaffected by wealth as well. Therefore, since investors only differ by level
of wealth due to assumptions 2, 3 and 5, whatever is optimal for one group
member will be optimal for all other group members. It is thus an admissible
simplification to only consider one group representative from now on.

4.2 Incentives and externalities

This subsection will take a further step towards deriving the equilibrium
at news stands. Without knowing the equilibrium levels of A* and N* yet,
we can already establish properties that any information equilibrium must
exhibit.

To choose the number of newspapers N, the representative news watcher
takes a look at her ex ante utility. Similarly, a price watcher looks at his
respective ex ante utility to see how the signal choice of the news watcher
group affects him as an externality. Taking pre-posterior expectations of (8),
the ex ante utility of any investor i = PW, NW is

12 ( i_RP)2
)2
e 2 1+R (r%) (21)

i, [U"] = k' - 7 TerE+eN)

'pre 'pre

for k= A%((SR)H;R exp{—ﬁyl%{Wg} > 0. I have used the short hand
F'=1(N*>1)-Fin (21) again to indicate that only news watchers have to
pay the fixed cost if they buy at least one newspaper. Since news watchers

are required to buy the same amount of signals NV, we can formally also define
Ni=1(i= NW)- N here.
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The key term in (21) is

u'—RP . u'—RP
- =T - .
Tt (Tz)2

We could call it the expected excess-return-standard-deviation ratio, but I
will mostly refer to it as the key term. Given the closed-form financial market
equilibrium of lemma 5, this term can be expressed in closed form as a
function of A\, N, and parameters for all investors i = PW, NW. Parameters
are: the interest factor R; the prior means and variances jip, Tz, 0%; T,
w%; the degree of risk aversion v; the discount factor d; and the number
of investors I (initial wealth W¢ is irrelevant due to CARA utility). The
particular solutions are less important than their properties. So, the explicit
terms are not reported here but in appendix D (p. 45). As will become clear
shortly, what matters for information acquisition are the two pre-posterior
moments of the key term. These two moments are reported in appendix E
(p. 46).

We know that the subjective variance of the dividend (7%)? is certain for
all investors (see (16) and (19)). We also know that both the posterior mean
of the dividend g is a sum of normal variables (see (14) and (17)) and the
opportunity cost RP is a sum of normal variables (see (13)). Since the sum
of normal variables is normally distributed, all investors can apply another
convenient fact of the normal distribution—fact 5 in appendix A (p. 42)—to
(21) and find their ez ante utility to be

Ere [U7 } ==k ‘eXP{ 1—|——R(F +CN)} (22)
i 2
; i ' —RP
1 1 (Tz)2 <Epre |:l (r9)2 i| )
. exp _§1+R = Ry
T%)2 . i— T 4 1 -
\/1 + (1+)RV;27’6 <l(7—i])%2p) 1 + 1+Rvpre < (7—1)2 )

Since E}, . [U"*] is negative for CARA utility, any change that brings (22)
closer to zero is beneficial. Hence, er ante utility is increasing in the pre-
posterior expected excess return of the risky asset E;re (1t — RP], as it should

be. However, the variance of the expected excess return V;re (u* — RP) has
an ambiguous effect on ex ante utility. On the one hand, an investor finds a
higher variance of the expected excess return bad because she is risk averse.
On the other hand, she knows that a higher variance of the difference between
her return and the market expectations also makes it more likely, on average,
that her portfolio yields a lot. So, the double role of the asset price as
opportunity cost and information provider also imposes a double role on the

variance of (i — RP).
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The representative news watcher maximizes ez ante utility ENY [UN"~]
with respect to the number of newspapers N, given a share A\ of news watch-
ers. While making her choice, she does not take into account how N affects
ex ante utility of the 1 — X\ price watchers. Even though the representative
news watcher has to choose a discrete number of signals, it is instructive
to take the derivative of (22) with respect to N. Under certain regularity
conditions, the resulting condition could even be interpreted as close to a
necessary first order condition for an optimal choice of N when set to zero.®
However, I will not use it as a first order condition. Instead, I will use it as a
tool to investigate whether the derivative has a certain sign, positive or neg-
ative, in general. Then it does not matter whether N is discrete or perfectly
divisible. Similarly, the derivative of EJYW [U”W*] with respect to N can
be seen as representing the externality that an additional signal inflicts on
price watchers. Taking the derivative and multiplying by the positive factor

—(1+ R)/E;,. [U™*] yields

__1+R OE, [UY]
E _[U"] 0N

'pre
YEIN) - [eing(A, N) + eh oy (O N)}

= —~vRc 1(i = NW) (23)

AY(A, N)

FVION) - [an (0 N) + 3ol w0 V)| - S0

The functions 527]\,()\, N) denote the elasticity of y with respect to N. For
example, ef; - denotes the elasticity of E! . [(1' — RP)/(7")?] with respect to

pre

N. The definitions of the terms E‘(\, N), Vi(\, N), and A’(\, N) are

i ‘{—RP
| (B[]
E'(\,N) = N3 pl (A) P (24-a)
_,_i__Vz p— 4l
(7%)2 1+R pre( (7%)2 )
Vi <ui—RP>
. 1 re 7—12
ViLN) = -5 —— e TTIY (24-b)
_L E\V p b7
(77)2 1+R PT’€< (7%)2 )

. 2 .
Ez‘ u’—'RP _ 1+R Vz u’—'RP
'pre (7—1)2 (7—1)2 pre (7—1)2
. )
1 1 wi wi—RP
e+ Ve ()

8 If B, [U"*] is changing monotonously in N, for example, the resulting condition
is fine in the following sense: The condition gives rise to a continuous function N*(-) of
parameters that would indicate optimal signal choices in the continuous case, and, for
N* € Ny, it coincides with a step function N*(-) that captures the optimal signal choices

in the discrete case.

A\, N)

(24-c)
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Table 1: SIGNS OF ELASTICITIES

1= PW compare 1=NW
8(E;}re [0]_RP)7Na < 0 = < O
; PW NW
8:_27]\[17 < O 87'2,N < 67'2 N < O

& AN > X
7o
sy +ehn" <0 = <0

eyt n” <0 < ambiguous

®This follows from (E.1) with (E.3) and (E.4) with (E.6) in appendix E, p. 46
bElasticities are reported as (F.2) through (F.7) in appendix F, p. 48

respectively.

We can interpret the derivative (23) as follows. yRc is the marginal utility
loss from an additional signal as it reduces wealth. The second term on the
right hand side of (23) reflects the marginal utility change that stems from
a change in 7' E} _[(u' — RP)/(7")’] = E}.. [(* — RP)/7']. Similarly, the

third term captures the change of the variance (79)2 V! _((u* — RP)/(7%)?) =

pre

Ve . ((ut — RP)/7") and its impact on utility. The factor A’(\, N) is propor-

pre
i | —RP i p—RP
(Epre li]) - (1 + R) - Vpre (7

tional to
T T

and can thus be positive or negative. It reflects the ambiguous effect that an
increase in the variance has on ex ante utility.

Table 1 displays signs of elasticities. They indicate how more newspa-
pers affect important variables that enter investors’ ex ante utility. Just as
under fully revealing prices before, the pre-posterior expected excess return
(E¢ , [#] — RP) is falling in N for both groups of investors. Price watchers
and news watchers even perceive the relative strength of this effect as the
same (first row of table 1). More information brings expected return and
opportunity cost closer to each other as individual beliefs become more sim-
ilar to market beliefs. This is bad (as row three confirms). However, more
information also reduces the dividend’s pre-posterior variance for both types
of investors (second row). This can be good or bad for utility. Moreover,
the portfolio variance, that is the pre-posterior variance of the key term, falls
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Table 2: SIGNS OF UTILITY EFFECTS

1= PW comp. 1=NW
B (el +epn)” <0 > <0
Vi (el vy + 360 0)° >0 - ambiguous
AL+ R)o <0 & _ <0 «

?For derivations see appendix F, p. 47
"Definitions of the threshold values 75+ are given in (F.14) and (F.15), p. 52

for price watchers, but it may rise of fall for news watchers (last row). To
make more definitive statements we need to look at the complete terms in
condition (23).

Table 2 gives an overview of the signs of major terms in condition (23).
The first row is no surprise any longer: More information has a negative
impact on utility because it reduces the pre-posterior expectation of the key
term B/ _[(u° — RP)/7']. Both price and news watchers agree that they
dislike this. Price watchers perceive this negative effect as less pronounced
in absolute terms. They only put a little more weight on the price when
extracting information, and a little less weight on their priors. This brings
the expected value E' [uW] a little closer to the price, but not too much.

pre

News watchers, however, do feel the reduction in EXW [(uN" — RP)/7VW]

from both sides. First, the signal realizations enter ENW [u¥V] directly and
news watchers start putting more weight on the signal realizations, and less
on their priors. Since some other investors also receive the same signals,
this brings ENW [1MW] closer to RP. At the same time, price watchers
start updating their believes, and the price RP also starts moving closer to
ENY [pNW]. For news watchers, the excess return is narrowed with “double”
speed, so to say.

Overall, the impact of an additional newspaper on utility is ambiguous
for news watchers. The reason is that the effect of an additional signal on the
variance VW ((u™V — RP) /7NW) is indeterminate (second row in table 2).
So, there is hope that news watchers are going to acquire information in
equilibrium, but they might also prefer no newspaper at all.

Things are more immediate for price watchers. If the stock market is a

“small market,” that is if the expected supply of risky assets is smaller than a
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cutoff value so that z2 < [z2FW (), N)f, then APW < 0. As a consequence,
any signal to news watchers must have the character of a pure negative
externality for price watchers if it falls below the threshold 27" (X, N) in
absolute value (second and third row in table 2). What if markets are large
in size so that A”" > 0? Can it happen that this effect becomes so strong
that the entire condition (23) turns positive for price watchers? As it turns
out, the answer is no. The positive effect of more information through the
variance can never outweigh the negative effect through a diminished excess
return. So, in the present model, more information always inflicts a strictly

negative externality on price watchers.

Theorem 6 Any signal to news watchers inflicts a negative externality on
price watchers in a two-group rational expectations equilibrium (definition 2).

Proof. In appendix G, p. 53. ]

This is a strong result. One might imagine that, when markets are very
large in size and the noise in price matters little, price watchers could ex-
tract extremely much information from price, and strongly benefit from the
variance-lowering effect. This is not the case in the current framework. The
utility-reducing effect of a shrinking excess return is always stronger.’

When taking her decision about newspaper acquisition, the news watcher
representative does not care about this externality of her decision. She ex-
clusively considers her private incentives. And her incentives happen to co-
incide with all other news watchers’ incentives because the only difference
among them is their initial wealth W¢, and that does not matter as condi-
tion (23) shows. Evaluating condition (23) is difficult in general since the
effect of an additional newspaper on news watchers’ pre-posterior variance
VW (U™ — RP)/7™") is ambiguous (table 2). It is therefore instructive
to see how condition (23) behaves in the limits.

Imagine the extreme case that the club of news watchers has attracted
every single investor. Then the incentive to acquire newspapers becomes

1+R  OELY [UNW]

}\EH_ENW[UNVV,*] ON = —7Rc —

'pre
I’(1+ R)(c: 4+ N7) (2% + wk) + vV2oiTiwy
2 2 =2 2-=2, 212
[12(1 + R) (o5 + NT§) + 1 Tgwi]
9This raises the question whether price watchers should rather stop watching. Would
it be rational to stay ignorant? To answer this question, we have to alter the equilibrium
concept because news watchers rationally anticipate that price watchers prefer to ignore

the information in price. This changes how price responds to more information. The
resulting equilibrium remains to be worked out.

(14 R)y?oiT,
0?9 + N7_'92

< 0. (25)
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In other words, there is a strong disincentive to receive information even if
newspapers are for free. This establishes

Theorem 7 There must be at least one price watcher in a two-group rational
expectations equilibrium (definition 2).
In any rational expectations equilibrium (definition 1),

e cither at least one investor must recewe less signals than any other
investor (when signals are sold in perfect copies),

e or at least one investor must acquire a signal that no other investor has
received.

Proof. Suppose every investor became a news watcher in a two-group ratio-
nal expectations equilibrium (definition 2), then news watchers would want
to acquire no signal by (25), a contradiction. The limit (25) itself follows
from (F.9), (F.11), and (F.13) in appendix F (p. 49).

Now consider the more general case of definition 1. If signals are sold in
perfect copies as supposed in this section, then a symmetric equilibrium under
definition 1 in which all investors receive the same number of signals coincides
with an equilibrium that involves A = 1 under definition 2. However, this
kind of equilibrium does not exist. So, at least one investor must receive less
of the same signals or at least one investor must receive a signal that nobody
else received in any rational expectations equilibrium. [

In other words, a symmetric equilibrium cannot exist in which all in-
vestors would receive a positive number of copies of the same newspapers.
It doesn’t even exist if newspapers are free of charge. The statement shows
that our definition of a two-group equilibrium has not been so restrictive
after all. There must be at least two groups of differently informed investors
in any rational expectations equilibrium. They may not choose to receive the
same copies, though. More generally, theorem 7 further supports the insight
that investors dislike agreement and do not want information to become too
common.

The most important question is, however, what happens in the other
extreme. What does condition (23) look like when there is no news watcher
yet? The potential news watcher representative asks herself whether she
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should start a news watcher club with one member—herself. As it turns out,

1 ORENW [gNW*
lim — R e | } = —~Rc (26)
A—0  ENW [[NW:x] ON

pre

I*(1+ R)oi7}
+ 2 —2 2 2 —2 2=2,.2 (2 —2\12
2008 + N75) [I?[(1 + R)og + N75| + *Tjwx (0 + N75)]

. <12 [(1+ R)o? + N75| + 777 (08 + N7 ) (wx — 3‘:2)> .

Even if she were to become the solely informed investor in the market, a
representative news watcher may prefer to remain dumb. Apart from the
uninteresting case of a prohibitively high newspaper price ¢, this is likely to
occur if Z? is relatively high compared to w%. Then the last factor in (26)
can turn negative. In other words, nobody may want to become informed, if
markets are large! Why? In large markets, given a level of noise in the price
w%, the asset prices is very informative for price watchers. News watchers
know that price watchers will start putting a lot of weight on the observed
price and little weight on their priors. As a result, news watchers must ratio-
nally anticipate that the expected excess return EXY [NV — RP] is falling
quite strongly with every newspaper as opportunity cost RP moves closer
to ENW [MW] while price watchers are updating their beliefs. So, market
size and informativeness of the price are closely linked for the incentives to
acquire information.

Formally, condition (26) implies that, in the limit where A = 0, the
threshold of market size is given by
1+ R aENW [UNVV’*}

lim — P

xoo ENW[UNWA] T 9N

pre

<0 & > [Z%0N; 0],
with a cutoff value
I? (14 R)oiNTZ) + V7w (02 + N73)
1?7273 (0% + N73)
| (1 _ 2By(03 + N7) (I” (1 + R)o3NT) + 7wk (03 + N73)) )

F5 (V)2 27)

I?’(1 + R)o27}

Theorem 8 T Suppose the incentive to acquire a signal is strongest when
A =0, then the following is true.

fAs for now, theorem 8 is presented in a fairly weak form which I hope to strengthen.
The theorem is stated under the assumption that condition (23) is maximal at A = 0. I
conjecture, however, that this is generally the case, and no assumption in fact. One can
show that condition (23) is strictly falling in A at A = 0. In addition, as the limit at A = 1
has shown, condition (23) must ultimately drop below zero. Yet, a proof that condition
(23) is maximal at A = 0 remains to be given.
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There are only price watchers in a two-group rational expectations equi-
librium (definition 2) if risky asset supply exceeds a threshold such that T° >

[205% o (€)]

Proof. Under the assumption made, condition (23) takes its maximum at
A = 0 (on the interval A € [0,1]). So, if (23) is smaller than zero at A\ = 0,
it cannot exceed zero for any other value of A, given N. Thus, no news
watcher would want to buy a signal under a sufficient condition that forces
(26) below zero, and there will only be price watchers in a two-group rational
expectations equilibrium (definition 2).

The limit (26) follows from (F.9), (F.11), and (F.13) in appendix F (p. 49).
It is linear in #2. Setting it equal to zero, and solving out for z? yields the
threshold level (27). Condition (27) is sufficient for no signal acquisition to
occur under the assumption made. It is not a necessary condition due to the
indivisibility of signals. ]

Since investors can go long or short in the risky asset, this result depends
on market size in absolute value (the square of z). Information is the more
valuable for news watchers the smaller markets are. The reason is that “size
of markets” is just the flip side of “informative prices.” News watchers do
not want price watchers to free-ride on their newspaper acquisitions because
that reduces the expected excess return of the risky asset. So, the larger
markets, the more informative prices are for price watchers, and the stronger
the negative effect of price watchers’ updating on news watchers utility. The
close relation between market size and the informativeness of price would not
change if the noise in the price system came from another source than asset
supply. Looking (far back) at the structure of equilibrium price in (13), we
could also have added Gaussian white noise to the price, and results would
have carried over.

Table 3 reports some further noteworthy limits. When the price system
becomes extremely informative as wy — 0, news watchers perceive the neg-
ative impact on the excess return more strongly than the positive impact on
the variance of the excess return and prefer to be price watchers. This is
nothing but the extreme case of the preceding section 3 where prices were
fully revealing. On the other extreme, when the price system ceases to be
informative as wy — 00, news watchers must not fear a negative impact
in excess return any more. However, the potentially positive effect on the
variance of the excess return turns negative because, if w% is large, RP gets
more noisy with more newspapers. When investors become extremely risk
averse (7 — o0), they loose their interest in risky assets and consequently
their interest in information. In all these cases, news watchers would not
even want to accept a signal for free.
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Table 3: INCENTIVES FOR NEWS WATCHERS IN THE LIMIT

NW (_NW NW NW (_NW 1 _NWyANW
EM ey tepn) VU (eny + 38 n)T5R
2 2 -4

. a - VO05Ty -2
lim, o 1?(0%+N72)2 0
. u (14+R)A72
limg, y —o 0 T oTIANT?
lim, ¢ 0 0
o e __(ERAT QRN oo
limy o0 N Y (cZ+ANTw% ( wx)
1im1/05—>0a 0 0
liml/ag—>ooa 0 0

“Limits follow from (F.9) and (F.11) in appendix F, p. 49

When investors become risk neutral (7 — 0), they do not mind receiving
signals for free, but they would never want to pay for it—as lemma 1 has
established before in general. Similarly, when a signal is absolutely imprecise
(1/0% — 0) investors are indifferent about receiving it or not: It does neither
harm nor good, but never pay for it. Finally, when signals become absolutely
precise and reveal the realization of 0 itself as 1/0% — oo, news watchers
would accept it but not pay for it. Such an infinitely precise signal turns the
previously risky asset into a second, riskless bond and mandates that RP
equal d/R. In this extreme case, the two assets become perfect substitutes.

4.3 The information market equilibrium

The previous subsection has characterized properties of an equilibrium at
the news stands. It remains to derive this information equilibrium itself.
Suppose again that we can treat the number of signals N as if it were close
to perfectly divisible.!® Then, the news watcher representative can decide the
equilibrium amount of information by looking at condition (23) and setting

10See footnote 8 (p. 25).
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it to zero
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The news watcher representative chooses N given the share A of members
in the news watcher club (definition 2). So, the above condition implies an
equilibrium amount of signals N*(\;¢). Unfortunately, the acquisition rule
N*(X;¢) has no closed form (but can be shown to be a polynomial of ninth
degree). Things are getting easier, however, if we look at them graphically.

The falling curve in figure 2 is a plot of condition (28).'' Tt shows com-
binations of N and A for which (28) is satisfied. Or, put in economic terms,
this curve shows the optimal choice of N* if it were continuous. The curve
shifts to the Southwest when the cost of a signal ¢ increases as can be seen
from (28). Since signal choice has to be concrete, however, the optimal choice
of N* given A is a step function N*()\; ¢). Figure 2 also depicts this proper
“newspaper acquisition curve.” The two curves show that condition (28)
does a pretty good job for a large number of signals, but is not so helpful
when N gets small.

Any equilibrium must occur along the “newspaper acquisition curve”
N *(A;¢). Given news watchers’ anticipated choice of N *(\; ¢), each investor

"'The underlying parameter values are I = 100; ¢ = .005, F = 10c; R = 1.1, jig = 1.3;
T=Lv=1Lo05=1,T9p=1, wx =100; 6 = .9, W = 1.
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decides whether to become a price watcher or a news watcher. In equilib-
rium, every news watcher must find it preferable to remain a news watcher.
Her ez ante utility must be weakly higher than a price watcher’s ex ante
utility. Formally, Eg};v [UNW*(N, A; ¢, F)} > EE};V [UPW*(N, )\)} Similarly,
every price watcher must find it preferable not to become a news watcher.

This implies EXW [UPW*(N, X)] > EXW [UNW*(N, X;¢, F)]. As a result,

pre pre
B [UNYH(N, Xe, F)] =B [UPY*(N,N)] =0 (29)

must hold in equilibrium. Given news watchers’ signal choice N, this condi-
tion implies an equilibrium share of news watchers A*(V; ¢, F'). It also implies
that the initial wealth of investors within each group must be the same if the
same fixed information cost F' applies to everyone. To keep things interesting,
make a final

Assumption 12 (Same wealth) Initial wealth is identical, W} = Wy, across
all investors 1 =1,..., 1 .

This assumption would not be needed if we allowed for more than only two
groups of investors. Then, however, no closed-form financial market equilib-
rium would exist.

In equilibrium, every news watcher receives N* signals for ¢ dollars each
and pays the fixed cost F'. So, a news watcher’s ex ante utility depends on
both ¢ and F. Thus, condition (29) also depends on ¢ and F' implicitly. As
a consequence, it is not of much concern that both N and A = I"W/I are
not perfectly divisible. Either the newspaper price ¢ or the fixed information
cost F', or both, adjust to clear the markets accordingly.

Figure 3 shows contour plots of condition (29) for various levels of the
fixed cost F.'2 These “indifference contours” need not satisfy a functional
relationship between N and A. In fact, they are mostly correspondences. By
varying F' we can find a combination of N and A that lies on the “newspaper
acquisition curve” and on an according “indifference contour.” This is one
equilibrium. By varying F' further, we can find several additional combi-
nations of N and A that lie on the “newspaper acquisition curve” at some
other point. So, the information equilibrium need not be unique. For many
different levels of F' one may find an equilibrium pair (N*(¢, F'), \*(¢, F'))
that makes this particular F' an equilibrium price together with some unit
price ¢ that is implicit in both the “newspaper acquisition curve” and the
“indifference contour.”

Lemma 9 Countably many two-group rational expectations equilibria (defi-
nition 2) may exist.

12Parameter values are the same as in figure 2. In addition, W = 1. See footnote 11
(p. 33).
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Proof. The number of equilibria must be countable because N is an integer.
Parameters permitting, we can construct examples as in figure 3 in which
multiple equilibria can be found by varying the fixed information cost F'. m

So, the equilibrium at the news stands at 9am need not be unique, whereas
the partial equilibrium at Wall Street at 10am will be unique given N* and
A*. The number of signals N has to be discrete. This makes it hard to derive
general conditions under which there are at least two equilibria.

The previous argument also suggests that the fixed information cost F
will take a strictly positive value in many equilibria. In fact, it must always
be strictly positive. Recall that price watchers suffer a negative externality
and are strictly worse off than news watchers if the fixed information cost
F'is zero. Consequently, no information equilibrium with a positive amount
of information can exist for F' = 0 as long as at least one investor has an
incentive to become a news watcher.

Theorem 10 An equilibrium (definition 2) with at least one news watcher
requires a fixed information cost F that is strictly positive.

Proof. Suppose there is at least one news watcher, then N* > 1. In addi-
tion, by theorem 7 there must be at least one price watcher, \* < 1. Further
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suppose that F' = 0. Since a news watcher is free to choose NN, it must be
the case that ENW [UNW*(N*)] > ENW [UNW*(N = 0)] by revealed prefer-
ence. By theorem 6 price watchers face a negative externality so that they
suffer a utility loss EEYW [UPW*(N > 1)] < EEW [UPW*(N = 0)]. Since,

pre pre

ENW [UNWH(N =0)] = EPW [UPW*(N = 0)] we can infer that, for small

pre pre

markets, EXW [UNY*(N > 1)] > EDW [U"*(N > 1)]. So, in equilibrium
a strictly positive fixed information cost F' must bring news watchers’ utility

down to price watchers’ utility. [

In the present framework, information has to be priced with a two-part
tariff. Otherwise no equilibrium at the news stands would exist as long as at
least one investor has an incentive to become a news watcher. Since we know
from theorem 7 that there must be at least two groups of differently informed
individuals in general (equilibrium definition 1), the present theorem 10 also
hints at the general case. If information inflicts a negative externality on at
least one investor, at least the best informed group of investors must pay a
strictly positive fixed cost to access information. Otherwise no equilibrium
exists. Even “large” markets may require that the fixed information cost is
strictly positive in equilibrium, but they need not. In general, the utility
difference (29) is a complicated function of A\, N, ¢, and F.'3

4.4 Informational efficiency

Are the equilibria at news stands informationally efficient? That is, would
a benevolent social planner allocate signals to investors in the same man-
ner? A benevolent social planner maximizes 3°;_, i, [U***] with respect to
{N' ..., NT}. Since there is no closed-form solution to the financial market
equilibrium in general, it is difficult to characterize the unconstrained social
optimum. However, we can investigate the welfare properties of two-group
equilibria (definition 2) in the current context. A benevolent social planner
can dictate the news watcher group to buy N** signals for each member,
charging every news watcher the marginal cost ¢ of signal provision. To keep
matters simple, suppose ¢ is precisely the marginal cost of the newspaper
copy and does not include the production of the newspaper content, for in-
stance. Then a social planner will find a charge of ¢ for each copy the right
price, and we can focus on further welfare aspects of the equilibrium.

So, the social planner will maximize (1—X)EZW [UPW] 4 XENW [UNW+]

: pre pre
given ¢, where U"** denotes posterior indirect utility after the social planner

13The present model still contains Grossman and Stiglitz’ (1980) version as a special
case. There are some noteworthy differences in the equilibria that result, however, on
which T comment in appendix H (p. H).
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has interfered at the news stands.!* Treating signals as if they were perfectly

divisible, we can differentiate this weighted average with respect to N, given
A, and find

1+ R 9 o >
~ g gy (1= VER [U77] - XY (U] =
'pre
=—AvRc
+A <ENW e +epn ] + VT [era + 3e ] Ali—g)
EEW [UPW]
o) —pre I ]
+ (1 )\) Ej];\ﬁg/ [UNVV’**]
(B [ 4 ] VY [ B A 0

From the preceding analysis we know that, in a market equilibrium, at
least one investor must be a price watcher. A social planner clearly agrees.
For A = 1, the last term in condition (30) vanishes. Moreover, the second
term on the right hand side turns negative: If the news watcher group in-
cluded every single investor then any newspaper would strictly reduce news
watchers’ ez ante utility (theorem 7). So, it cannot be socially desirable that
all investors read the same N newspapers, even if newspapers are for free.

We know that any signal inflicts a negative externality on price watchers
(from theorem 6). So, the last term in condition (30) is always negative. In
addition, we know that when markets are large in size, news watchers do not
even have an incentive to buy a newspaper if the group has only one member
(theorem 8). Again, a social planner agrees.

Theorem 11 An informationally efficient allocation of signals

e has to be asymmetric so that at least one investor receives either less or
different signals if the allocation involves a positive number of signals;

e will tnwolve zero information if risky asset supply exceeds a threshold
such that 7% > [EZE/\“;"’O’N:O(C)f (provided the incentive to acquire a
signal is strongest when A =0).

Proof. By an extension of theorems 7, 6 and 8, and condition (30). The
threshold for market size [Z9%%, N:()(c)}2 is given in (27). |

Loosely speaking, a social planner agrees with the market outcomes in
the extremes. However, this is not so in general. Since every signal causes

14The social planner cannot transfer knowledge between investors so that ex ante utility
is taken with respect to investors’ individual pre-posterior beliefs.
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Figure 4: Informationally Efficient Choice of N

a negative externality to price watchers, a social planner would tell news
watchers to acquire less signals for every given share A\ of news watchers.
Suppose signals were perfectly divisible. Then the social planner strictly
prefers a signal allocation in which less signals than in the market equilibrium
are given to news watchers. Since signals have to be purchased in integer
numbers, however, the social planner might settle with the market outcome
for ranges of equilibria. Market outcomes could be informationally efficient
by coincidence, so to say.

Claim 12 When there is at least one news watcher in equilibrium (defi-
nition 2), markets provide inefficiently much information in the following
sense. A benevolent social planner would, for any given X*, allocate strictly
less signals if signals were perfectly divisible.

Proof. By theorem 6 and (30). n

Figure 4 depicts the “newspaper acquisition” curves for a news watcher
representative and for a social planner under the same parameter as used
in the preceding figures.!> The social planner would rather prefer to imple-
ment no information at all instead of having a group of news watchers read
perfect copies of the same newspapers. I still have to analyze whether this
only occurs for the presently chosen parameter values or whether it is gen-
erally the case. An implication of this finding may be: A positive amount
of information can only be informationally efficient if news watchers receive
different information. A social planner likes investors to hold heterogeneous
beliefs. We can conclude, however, that the market outcome in two-group
rational expectations equilibria tends to be informationally inefficient. Too
many signals are likely to be purchased in equilibrium.

15See footnote 11 (p. 33).
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5 Conclusion

The present paper has investigated investors’ incentives to acquire informa-
tion about a risky asset and compared their choice to a social planner’s
preferred allocation of information. It has thus given a formal notion to in-
formational efficiency in financial markets. Gaussian random variables and
CARA utility were used to obtain closed-form solutions where possible. Be-
yond previous work, the model allowed investors to choose a finite number
of information sources.

As the framework has clarified, information is not a good (or bad) in its
own right. It is only valuable inasmuch investors anticipate to act upon it.
Therefore, risk averse investors never want to buy information. In addition,
information can have features of a bad in many circumstances. If prices
are fully revealing, for instance, every investor perceives more information as
detrimental. Since their information enters price and gets fully revealed to
all other investors, the “market information” gets closer to each investor’s
own beliefs. In other words, each investor’s dividend expectation and the
opportunity cost of buying the asset are moving towards each other. The
reason is that asset price precisely reflects average expectations in the market.
This reduces the expected return from holding a risky asset, which is to
say that each investor must expect to receive a lower average payoff the
more information she buys. The negative effect of this is so strong that it
always outweighs the benefits of information under fully revealing prices. As
a consequence, no investor wants to buy information when prices are fully
revealing.

When prices are noisy and only partly informative about other investors’
information, this effect remains present. Information acquisition by the in-
formed investors always inflicts a strict negative externality on the less in-
formed investors who do not purchase own information but merely observe
the price realization. For the less informed, the beneficial effect of more pre-
cise information never outweighs the loss from a reduced expected return.
When markets are not too large, so that prices do not become too informa-
tive, there is a group of investors who prefer to buy information. It can never
be the case that this group includes all investors if signals are sold in perfect
copies. Yet, some fraction of investors may choose to become informed. More
information lowers the expected variance of their portfolio, which raises their
er ante utility as they are risk averse.

A benevolent social planner agrees that markets should never make ev-
erybody equally well informed. Whenever there are some informed investors
in equilibrium, markets are informationally inefficient because they involve
more information acquisition than a social planner would implement. In-
formed investors do not account for the negative externality that they inflict
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on the less informed. The presence of a negative externality raises the ques-
tion whether less informed investors should stop extracting information from
price, and only rely on their own priors. This is to be investigated in future
versions of the paper.

The framework has assumed that investors are price takers when they
make their portfolio decision but that they are fully aware of how their acting
upon information affects equilibrium price. This is a useful assumption for
tractability, but may seem problematic from a theoretical point of view. In
fact, Hellwig (1980) has called investors of this kind “schizophrenic.” Would
the results fade if the price taking assumption were dropped? While a the-
oretical model remains to be worked out, main results seem likely to carry
over. Information has only value to investors if they will act upon it. Thus,
if they buy information at all, investors must rationally anticipate that they
will adjust their portfolio positions accordingly once they receive the signal
realizations. But then, even if they strategically alter their demand to af-
fect price possibly little, their demand will still affect price a little. As a
result, all other investors rationally extract the information contained in the
price move, adjust their own beliefs, and bring market expectations and price
closer to the informed investor’s expected payoff. Thus, investors still face a
negative effect—just as it was the case when the investor behaved as a price
taker.

The present framework has shown that well-defined simultaneous infor-
mation market and financial market equilibria do exist. As opposed to earlier
work, investors can rationally choose the amount of information. In particu-
lar, Grossman and Stiglitz’ (1976, 1980) paradox that no equilibrium existed
when prices were fully revealing fails in the present more general framework.
Based on their “no equilibrium conjecture” for fully revealing prices and fur-
ther results, Grossman and Stiglitz (1980) stated: “The assumptions that
all markets, including that for information, are always in equilibrium and
always perfectly arbitraged are inconsistent when arbitrage is costly.” Given
the equilibria in the present more general framework, neither the special case
of fully revealing prices nor the more general equilibria can serve as examples
of costly arbitrage. The results do not lend support to their statement from a
purely theoretical point of view. Yet, there may be good behavioral reasons
why arbitrage opportunities prevail in financial markets. The relationship
between the present perfectly rational framework and behaviorally inspired
models remains an open field to be explored.
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Appendix

A Properties of the normal distribution

A rational (Bayesian) investor updates her beliefs using the conditional nor-
mal distribution of the dividend given the signal and price realizations. Since
signals and price are not conditionally independent, rational investors will
make use of the following fact in general.

Fact 2 Consider a multivariate normal p.d.f. f ((9; z") ],u,E) with Z =
(Zl, ey ZK)T, on = (ﬂ@, E [Zl] s ,E [ZKDT and

2= (coba Enleth )

Then the conditional p.d.f. of 0, given a vector z of realizations of Z is
normal with

r(o ) fio + Cov (0.2)" Cov (2.27) " (z — E[2]),
2 T T7\~1 -t
[7_'9 — Cov (0.2)" Cov (2.27) " Cov (e.zﬂ )
Proof. See Raiffa and Schlaifer (1961, 8.2.1). n

Fact 1 (p. 10) is a special case of fact 2 when all signals are conditionally
independent.

Apart from this property, three further characteristics of the normal dis-
tribution are of use in the present framework.

Fact 3 For a normally distributed random variable z ~ N (u,0?) and an

arbitrary constant A, the expected value of e~ is

2
E e |p,0] = exp {—Au + %02}

Fact 4 For a normally distributed random variable z ~ N (u,0?) and an

arbitrary constant A, the expected value of z - e=4% is

2
E [ze‘A'z 0] = (n— Ac®) exp {—A,u + %02} .
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Proof. Although fact 3 is a well-known property, I will prove it again here
since fact 4 follows as a corollary. Note that
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This proves fact 3. Similarly,
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eAlL-f—QO' [,U/—AOQ},

and fact 4 follows. [ |

Finally, the following fact is useful to derive ex ante utility in the case of
partly informative prices.

Fact 5 For a normally distributed random variable z ~ N (1, 0?) and three
arbitrary constants A, B, D, the expected value of e~3(B+D2)? g

_A 2 1 A (B+Du)2
E[ A(B+Dz) } I _AB+ D) |
c 0| = A P\ T2 1t AD%W?

Proof. To derive this fact, consider the expectations of e=4177422* for two
arbitrary constants A, As. Note that

2

U— 0'2
1 (72— [,u— (1—1—2?—?1‘”’202)14102}
2 (ol

\/1+2A502

(A + Asp) — %aQ 1 (z—p 2
=—z(A+ A — = .
2(A1+ Agz) + 1+ A,02 5 .
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Thus,

o0

2 2 1 _1(z=p)?
et = [eonmne_ Lty

2
IO I R el
o 2 — O
_ e 1+A, / \/m "
1 + 2A202 V2
1+2A20’2
_ 1 p(Ar + Agp) — AT)QJQ Al
BV 7 vk R v - (A1)

To arrive at fact 5, observe that

E [6—5(B+Dz) } _ o—5B°R [6—5(2BD2+D2 2)} '

Then defining 4; = 22BD and A, = 4 D?, multiplying (A.1) by e~28” and
collecting terms yields fact 5. [

B Posterior indirect expected utility

Using H' = exp (—y [(1 + R)b* + Pz’ — W} + F' + ¢N']) and solving out for
b® yields demand for the bond

i _ 1 i i in_ 1 i

b" 1—|—R(WO F—cN—Px’—§lnH’). (B.1)

For each unit of the risky asset, bond demand is adjusted by a factor of
P/(1+ R) to achieve tomorrow’s desired consumption level.
To derive indirect utility (7) in the text, note that (1) simplifies to

Ui _ _e—’y(Wé—Fi—cNi)e’y(bi-f-Pmi) . 56—'beiEi |:€—'yaci0i| (BQ)

for CARA utility. By (B.1) (which holds for CARA utility irrespective of the
risky asset’s distribution), we can write

A A 1 A A | A A
b + Pa"* = —— | W — F'—cN'— —In H"" + RPx"" |,
1+R 0

where H"* is certain and implicitly given by the first order condition (4-a).
Using the above fact and (B.1) in (B.2) yields

. R i i _1 L%
Uz,* — _e—’yH_—R(Wé—Fz_ch)e TR In H% e’yl-‘rR (1+5€lnH —'yacl 9)

R i i i erfibe w 1
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The second step follows by using the first order condition (4-a) to substitute
for H*. This establishes (7) in the text.

C News watchers’ pre-posterior distribution

Take a news watcher’s point of view. Given any choice of N, the pre-posterior
joint normal distribution of #, N signals, and RP, that is the pre-posterior
distribution of (6; Sy, ..., Sy; RP)T has a vector of means

""" = (fig; fig. .., fig; mo + TsNjig — mx )"

and an (N + 2) x (N + 2) variance-covariance matrix

) i T3k TsNT}
ENW = 7_'92 LN COV(S.ST)N 7T5’(N7_'92 + O'%) LN
=2 =2 2 T 2 =2 2 2,2
nsNTy ms(NT; +05) -1y mgN(NT) + 05) + mywk

S = (51, ..., Sy)T is the vector of N signals, ¢y denotes an N vector of ones,
and

T2+ 03 7 e 72
—2 -2 2 —2
T, Ty +0 T,
0 0 S 0
Cov(S.8")y =
—2 -2 2
TG AR T0 + US

After observing signal realizations (s1, ..., sy) and RP, news watchers apply
fact 2 to this pre-posterior joint normal distribution and obtain a posterior
normal distribution of the dividend with conditional mean

N
E[0|RP;s1,....,sn; A N = ™ = m{™W +mI" Zsj +mipy RP (C.1)
j=1

and conditional variance V (6 | RP; sy, ..., sn; A\, N) = (7%")?% where

2 —

NW  _ O5He Co

mg J§+7__02N7 ( : a)
—2

mV = (C.2-b)

o+ TN

myp = 0, (C.2-c)
2 =2

NWy2  _ 95T¢ 3

=) oz + TN’ (C3)

This is precisely what has been stated in fact 1 (p. 10) before.

44



D Two-group financial market equilibrium

A two-group financial market equilibrium is given by matching the coeffi-
cients 7, mg, Tx in equation (13) with the according terms in (20). Defining

1 7T5(7T5N - 1) 1
uE_—2+l(1—)\) 2No2 + 2 s TAS|N (D.1)
Ty TglNog + Wy (o
and matching coefficients g, mg, mx yields
1 ﬂg 7T5’N(7T0—7Tx.f')
9 — — ( - (1 — )\) 2N 3 ) s (DQ)
u \ T TgNOg + TxWy
1 A
= -, D.3
s uo (D-3)
Ly
= ——. D.4
™ ul (D-4)

Plugging (D.3) and (D.4) into (D.1) and simplifying shows that (D.1) is a
linear equation indeed. In general, if there are I (groups) of investors
who acquire a strictly positive number of signals, u is a polynomial of order
1+ 2I"W (see appendix I). Here, however, u has the unique solution

1 1 1 1—\)I?
R S (S8

75 0% TEMN - NI+ 20wk
Hence,
r QDN 4 202R) 0 g+ A0 - WNoRT 97
(M)2N (0% + N77) + 7205wy (0F + ANTF)
1 A
ST 1 (1-nr o (D-6)
_2 + <O’S __2>\INI+’YO' w? ))\N S
1
Ty = i (D.7)

_2+<__L%))\NI'

o 75 M-NI+~20%w3

The key term for both investors is (u* — RP)/7" = 7% (u* — RP) /(7).
To solve for the according price watcher term, first plug (D.5) through (D.7)
into miy™ (15-a), mE% (15-b), and (7"")? (16). This yields (77")2. Then
plug the solutions for m{™', mE¥  and (77W)? along with the solution for
the opportunity cost RP (13) into (u”" — RP)/(77")2. Collecting terms

and simplifying yields
p"" —RP v 1
(rPW)2 T (A)2N(0% + N72) + 7202w (02 + ANT2)

(D.8)

N
: ((M)2N(0§ + N73) - B = Ayodwy - Y (S; — o) + 7 05w X)

J=1
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and

( PW>2 _ [()‘I)2NU§‘ + 72a§w§(] 7_-02 (D.9)
(M)2N (0% + N77) + 7205wk '

for price watchers. Similarly, using (D.5) through (D.7) for news watchers
yields
p"W — RP 1

=1 D.10
R OV i R e h B

N
: ( —~ M1 = MNIN(o%+N72) -7+ (1 — N [yoiw¥ - Z(Sj — [ig)

J=1

+ (12)\]\7 + ”y%éwi) (agv + N7"92) ~X>

by (18-a), (18-b), and (19) along with (13), while

2-2
NW\2 05Ty

=27 D.11
(%) 0%+ TAN ( )

as given in (19).

E Moments of key term

In subsequent analysis, the pre-posterior moments of the key term 7% (u’ —
RP)/(7%)? will be of most interest. Since (7°)? is certain, and both y‘ and RP
are normally distributed from a pre-posterior perspective, (u' — RP)/(7%)?
is normally distributed. To derive the moments, start with price watchers.
Taking expectations and the variance of (D.8), one finds

aow [P = RP] 4 [MPN(oh+ N) +1%04R ] 5
e | TPW2 | T T(M)2N(0% + N72) + 12022 (03 + ANTZ)

(E.1)

AW (MPW — RP ) v [(M)’N(0% + N7;) + yoswx] yoswy
I2[(A)2N (0% + N72) 4+ 7202w% (0% + ANT2)]?

pre (rFW)? =

(TPW)2 s

for price watchers. Their

(TPW)2 — [()‘I>2NJ§‘ + 720'31‘(")%(] 7_—02 (E3)
(M)2N (0% 4+ N72) 4+ y2osws

by (D.9).
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Similarly, taking expectations and the variance of (D.10) for news watch-
ers, one finds
ENW [NNW - RP] _7 [((M)’N +~*0gwi] (0% + N7j) @
el ()2 I(M)?N(o% + N73) + v*odwi (0 + ANTF)’

(E.4)

YN (uNW - RP) _7r wx (o5 + N7§)
e \ (7 NW)2 I2[(M)2N (0% + N72) + y20 2w (0% + ANTZ)]

: <A214N2(a§ + N7) + PPNyPodwk (1+ M)og + 2AN7;)

+”y4aéw§((05 + N7 )) (E.5)
Their (77")? is
2-9
NW\2 05Ty
—__ 50 E.6
(™) a?; + N7_'92 (E6)

by (D.11).
If N = 0, news watchers’ terms (E.4), (E.5), and (D.11) coincide with the
respective terms for price watchers (E.1), (E.2), and (D.9), as it should be.

F Two-group information market
equilibrium
Written out, the derivative of ex ante utility (22) with respect to N, given
A, is
1+ R OE,.[U"]
E: . [U+*]  ON?

'pre

= —vRc

. 2
i u'—RP
—i—i <Epre [ it D (elay +ebn) (F.1)
N 1 Vi <lti—RP) TN EN
(77)2 1+R pre (7%)2
7 '—RP
1 Vine <I(TT) (eho v + 26 )
N 1 Vi <ui—RP) TN T 25V N
(77)2 1+R pre (7%)2

" — z W'—RP
1 (B [‘w D e ()

1 _|_R Vz <;L1—'RP) )

(T ) +R pre \  (r7)?
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where 527]\, denotes the elasticity of y with respect to N. In the text, this
condition has been given a nicer look be defining E*, V', and A" accordingly.

The terms in condition (F.1) can all be evaluated in closed-form using
the moments of the key term 7 (u' — RP)/(7%)? as derived in the previous
appendix E. Again, start with price watchers. Differentiating the moments
(E.1) and (E.2) and (77")? with respect to N yields the elasticities

SPW ’72‘72‘7_'02“& AN
BN [(MDAN (02 + N73) + 720 b0} ]
. ()‘I>2N27_—02 — ’72031’(")%( (F 2)
[(M)2N(c% + N73) + 20iw% (0% + ANT2)| '
PW AN
TN TIPN(oR + N + 2ok

1
[(AI)2N(c% + N73) + 202wk (0% + ANTZ)]

: <A3I4N(a§ + N77) (0% + 2N7)
+7 205w AL (0% + (2+ A\)NT) + 27402@2@1() . (F.3)

— . F4
O (o? + N72) + 20kal] [N +2o%at] &Y

o QDN (VDN + 27033 ]

Differentiating news watchers’ moments (E.4) and (E.5) and (7¥")? with
respect to N yields the elasticities
ANW Yogmiwk (1 = NN
EN = =
" [(AD)?N (0% + N7§) + 2o 5u%]
OIPN*7E — 770kt

. F.5
[(I)EN(03 + N7Z) + 2ok (0F + ANT)] (£-5)

NW 1 Voswk (1= AN
V.V v (0% 4+ N72)[(M)?N (0% + N72) + y20iw% (0% + ANTZ)]
: (()\I)Q(l + MNI2N (0% + N73) (0% + 2N75)
7205wk P [(1+ N)og + (2+ A5+ N)) NoaT; + 6AN>7))]
+2”y4a§7_'92w§((a§ + N7"92)>, (F.6)
NW 7_—02N (F 7)
E 2 == - 9 :
TN a?; + 7_'92]\7

48



where
v=[NIPN*(0% + N7)) + IPNyPoiwy (1+ \?)og + 2AN7T;))
+7 05wk (05 + N77)).

With all these results at hand, we can evaluate (F.1). Take the E'-terms
first. For a price watcher!®

pw [.Pw . _Pw]| _
B [572,1\1 + 5E,Ni| =

—(1+ R) AZ*y%057) (IPNX* (0% + N7 ) + 7oswk)

=l

(NI*N? 4 20 I° N2 02w + ”y%éw}l()/

( [((M)’N(o? + N77) + voswx (08 + ANT;)]

: [(1 + R)NION? (02 + N72)2 + 2(1 + RN I Ny2o2w?

(02 + N7) (0% + ANT) + 'l (1+ R)ok + 10 ofmut

FANGZTF(2(L+ R) + A) + (1 + R)AQN%)D <0, (F.8)

while for a news watcher

1
N ENW. [gi\’g”]/v —i—e@fkﬂ =
—(1+ R)\2*y2027,) (0% + N7)(I*NX? + y*o2w?)

(NI*N? 4 20’ N2 0w + 740§w§()/

( [(AI)’N (0% + N7§) + v*oswx (0§ + ANT;)]

: [(1 + R)AISN2(02 + N72)?
NNy odwy (08 + N7) [2(1+ R)od + N (1 +2(1 + R))N) ]
1ok (1 + Rok + Nodnf (14 A2(1 + R) + 1)

FAN72 4+ A(L+ R))) + 1 087wk (0F + Nﬂ?)D <0. (F.9)

16The following terms have been calculated and simplified using Mathematica 4. The
according notebook file can be found online at http://socrates.berkeley.edu/ muendler/.
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Now consider the Vi-terms. For a price watcher

1
pw [.pw | 1_PW]| _
NV '[STQ,N"‘QVN =

(Mratetaiiod + 37 4 bt
(VTN (0% + N7)(0F + ANT]) + N TNy odw}
<205 + N(11 + \)oz7) + 2N?(3 + )\)7'9) + My oswy

<05 + 3N (2 4+ \) 0575 + 4AN?7, ) + 276057'92@5(} )/

(2 (()\I)2N + ”y%éu&) (()\I)QN(aé + N7"92) ”y%éu&)

(1PN (o2 + N7 4 o3(oh + ANT)

[NI’N (0% + N7) + Iy’ 02wx (0% + ANT; )}
(A[)2N?

(AI)PN?05 + 7205wk

Ly
>
+ ((M)PNY'obw (03 + N7) +1°05et) /|1 + R)

2
.<)\2I3N(a§ + N7 Iy odwy (o + )\NTg)) } ) >0, (F.10)

and for a news watcher

1
~ VI N+ 1] =

((1 + Ry oir))w
[2)\416]\7379 (02 + N72)? )\2141\77 0%(0% + N72)
(1= N0k —2N(1 +2X2)037 — AN} ) — Iy ok

.<(1 — A0 AN (3= (8 + ) 072 — 2)2N2(5 4 \)o2F

—GAIN7F) + 201 gt (oF + Nfgﬂ ) /
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(2(03 + N73) ((M)?N (0% + N77) + voswx (05 + ANT;))

(L+ RNION? (0} + N7j)?
NNy 02wk (08 + N7) (2(1+ R)ozN(1+2(1 + R)N))
+12y' 0%k (1+ R)o" + No&a (1+AQ2(1+ R) + )

+AN?T, (2+(1+R))\)) + 7 USTng(O'S—i—NTg)}) (F.11)

Finally, take the A’ terms. For a price watcher

;APW:
1+R

— (R + [ ((A)’N (0% + N7§) + 7*oswy)
(I'N (0 + N7) + v ol (w — 77)
+1%y20% (aéwx + AN (2w — )}/

[NIPN (0% + N7j) + Iyoiwk (0% + ANTy) )/

. Ylo§miwk (AN +7*0%wy) (F.12)
IN(0% + N73) + Iv20 %% (0% + AN7)P )

while for a news watcher
1 ANW —

1+ R
— (R + [(ag + N73) (M)*N +~y*03wy) <A214N(a§ + N73)

Ty ol Wk — 7%) + IPy0% 03wk + ANTE (2w — 2a%) )| /

[)\213N(03+N7_'92) +I”)/0'5wx(0'5’+)‘NTG>} )/
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(R - [(ag + N77) (M)N +y*o2wy) <A214N(a§ + N72)
+ 10k (0F + 2ANT) + y'obriuk )| /
[NPN(02 + N72) + Iy (o2 + ANT2)] ) : (F.13)

The relationships in the last row of table 2 (p. 27) follow from
PW 2 PW
pwy2 (mpw [H 7 — RP Pwyaypw | K — RP
o (e [y |) P S| <1

14 R  [(M)2N(02+ N72) + 1202w (0% + AN72))

& =<
12 y20img (M)PN +7%05wy) (M)?N (0§ + N75) + 720 5w%)
2 (A)PN(o§ + N7j) + oy 1P '

by (E.1) and (E.2), and from

NW 2 NW
1+ R [(M)2N (02 + N72) + 1202w (02 + AN72))?

VPo5Ty (AN +4203w%) (02 + N73)

W% (1 | (AMIPN(o% + N7) + 0%k [(1+ Nog + 20N 7))

.f'2
= ﬁ<

I (02 + N72) (AN + 7203w} )*
SANWHN2
(11— A)12N> = % (F.15)

by (E.4) and (E.5).
Similarly, the relationships in the middle column can be inferred from

WW{&%+ﬁM—EWVH%+%m:
- (R(l + RPNz osmows
((M)?N(0% + N73) + 70wk (0% + ANT))

~Wﬂw+mﬂm%@%%@@>/
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([(1 + R)NION? (0% + N75)?
+2(1 + RN TNy 02wk (05 + N7 ) (02 + ANT)
+ Iy oWy <(1 + R)os + AN (2(1 + R) + \) 027
+(1+ RINNT ) + 1 ot
|+ RINION (0% + N7 + TN oRu
(0% + N7)) (21 + R)oZ + N (1 +2(1 + R)A) 75)
+ Iy oWy <(1 + R)os+ N1+ X2(1+R)+ \)oi7)

+N2)\(2+ (1+ RN T, ) + v O'STGWX(O'S—FNTG)}) <0,

and
1

H—R (ANW—APW) —

(RIQNxQ”y‘laéTgwg( (()\I)2N + ”y%éu&)
[((M)?N(c? + N77) + v’ oswx (08 + ANT;)] ) /

([(1 + R)MION?(02 + N72)% + 2(1 + R)N\T*NA20 2w

(o2 + N7) (0% + ANT) + Pyl ((1+ R}
FAN (214 R) + ) 037F + (1 + RN N7 ) + 2 olmput
|0+ RINON (0% 4+ N7 + T NP oRu
(o2 + N75)? (20 + R)o> + N (1 +2(1+ R)A\) 75)
+ Iy oWy <(1 + R)os+ N1+ X2(1+R)+N) oz,

HAN? (24 (1+R)N) 7, ) + O'STGWX(O'S—FNTG)}) > 0.

G Negative externality: Proof of theorem 6

To show that any signal to news watchers inflicts a negative externality on
price watchers, it suffices to look at condition (23) if it does not change sign
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for any N. I will prove that this condition always has a negative sign.

First note that A”" (F.12) can only turn positive for sufficiently large 72,
where the threshold value for 72 is given by (F.14). Thus, no other parameter
of the model can make condition (23) positive. So, it will suffice to show that
condition (23) is strictly negative for any (weakly positive) 2. Note that
condition (23) is linear in z*. Defining A = ELW [(u™" — RP)/TPW}2 /72,

= —VIW ((u"™" — RP)/r"W), Dy = (8%, +e£W)/N, Dy = (8%, +
e)/N, G = (7PW)2/(1+ R), K™' = 1 — B/(1 + R), we can rewrite
condition (23) as

AK(Dy + BD:752)3* + BDo 2 (B + G). (G.1)

We are interested in the signs of the two terms in (G.1). By their defini-
tion, B < 0, K > 0, G < 0. In addition, Dy < 0 by (F.2) and (F.4) (see third
row in table 1, p. 26). Thus, the second term in (G.1) is strictly negative,
BD, fj%(B + G) < 0. The other term is harder to evaluate, however, since
Dy < 0 by the sum of (F.2) and (F.4) (see third row in table 1 again). To
find its sign, we can proceed in the following manner.

Setting the rewritten condition (G.1) equal to zero and solving out for
z%, we find

BD, X (B+ Q)

(g )? = = S .
AK(Dy + BDy7E5)

Thus, the sign of AK(D; + BD,155) is the same as that of (Z“")%. By
the equilibrium values (E.1) through (E.3) and (F.2) through (F.4) we find

(i,geg.eact.)Q —

- (720§w§<
[WION* (0% + N72)(0 + ANTE) + XI'N
2202wk (2085 + N(11+ N\)o + S272 + 2N%(3 + M)

APy oswy - (0§ + 3N (2 + N)oaTy + AAN>T))
+2”y6a§7_'92w§(}

[(1 + R)XIEN?(0% + N72)% + (1 + R)AICN?
A2o2wk (0% + N72)2(30% + 2ANT2) + NN
Yook (30 + Ro% + (1+ RING +AN)ok7 + AN

o373 (1 + RIN( +2) + Aok) + (1 + RN N*73)
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1200808 ((1 + R)oh 4+ (14 R)N2A272
+2ANo373 (1 + R+ A7 )) + 2527, wX} )/

(ﬂ J( N IPN + y2oswy)
((M)*N (0§ + N7§) + 7 o5wi)
((M)’N(o% + N7§) + 7oiwx (og + ANT))
[2(1 + RN SN (02 + N72)?
+2(1 + RN I°N3*y?02w3 (02 + N75)
(402 + N(2+ N)7) + N I'N*y odwy
.<(10 + (2= MA+2R(5 + N) ok + 2No272
4+ (5= M)A+ R(4+5)) 0272 + 6(1 + R)AN%)
AN o0 ( (24 (2= M)A+ 2R(1 + N)) o

FAN (4= X+ R4+ \) 0272 + (1 + R)\2N?7, )

+7%0¢” ((2(1 + R) — A)og + 2RANTS) D < 0. (G.2)

So, this zero-point of condition (23) would lie in the strictly negative range
of 72 if that existed. Therefore, AK (D; + BDQHLR) < 0 so that all terms in
condition (23) are strictly negative, which concludes the proof. [ ]

H Grossman and Stiglitz’ (1980) version

We can compare the two-group equilibrium in section 4 to the equilibrium in
Grossman and Stiglitz’ (1980) model. Since Grossman and Stiglitz assume,
too, that news watchers get perfect copies of the newspapers, their model
remains a special case of the two-group model in section 4. There is a con-
tinuum of investors in Grossman and Stiglitz’ world and investors may either
watch the price or receive exactly one signal in addition. Thus, by setting
I =1 and N = 1 throughout the present model, Grossman and Stiglitz’
version results. Accordingly, the cost of becoming a news watcher can be
redefined as F' = F + ¢ here. Figure 5 depicts the equilibrium share of news
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Figure 5: Equilibria in Grossman and Stiglitz’ (1980) Model

watchers \*(F”) as a function of the fixed information cost F’.17 Just as in the
present framework, multiple equilibria may arise in Grossman and Stiglitz’
model, too. For high values of F', there are two possible equilibrium levels
of A\. In addition, we can implement any equilibrium share of news watchers
A by varying F” in the example of figure 5. This stands in contrast to theo-
rem 7 which states that, as soon as news watchers can choose the number of
newspapers, at least one investor must obtain less (or different) information
in equilibrium. The reason for this difference is that the implicit equilibrium
definition in Grossman and Stiglitz’ variant of the model has suppressed the
optimizing behavior of investors. It is merely a fixed point that equalizes ex
ante utility. In the present framework, however, news watchers may have
second thoughts once they have become news watchers. They can pay the
fixed cost of joining the news watchers group, but then discover that their
representative actually prefers to order zero news papers for everyone. This
possibility for a second thought makes all the difference. As so often in game
theoretically oriented models, the outcome depends on the structure of the
game.

Apart from the “no equilibrium conjecture” for fully revealing prices,
discussed at large in the previous section 3, Grossman and Stiglitz (1980)
introduced several further conjectures. Many of them concern the informa-
tiveness of the equilibrium price. Formally, the informativeness of a signal
is its precision, which, in turn, is defined as the inverse of its pre-posterior

TLevels of F’ on the vertical axis are expressed as shares of wealth. Parameter values
are the same as in figure 2, except for I = 1, for W = 1, which takes the same value as in
figure 3, and for F, which is endogenous here. See footnote 11 (p. 33).
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variance. So, to investigate the informativeness of price, consider its variance

Vpre (RP) TeN (0% + N7§) + mixwi
_ 2 _
7y [(A)2N 4+ v?08wi]” [(A)2N (0% + N77) + vy’ o5wi]

I2[(A)2N (02 + N72) + 120202 (0% + AN72)]?

This follows from (13) in the text and lemma 5. For N = I = 1, the precision
of RP is

N2(03 +73) +10%w} (0F + M)

Nero1 A2+ ’y2a§w§(]2 [\2(0% 4 72) + 720‘51@%(].

Vpre (RP>_1 (Hl)

It is not difficult to show that the precision of the price can be rising or
falling in A, and rising or falling in the precision of news watchers’ signals
o%—by taking the respective derivatives and playing with parameter values.'®
This result weakens Grossman and Stiglitz’ (1980) conjectures 1 and 4 which
asserted monotonous changes. The difference between the two models arises
because Grossman and Stiglitz assume in their derivation that the realization
of the equilibrium price depends on the expected value of the risky asset
supply (see (A10) in Grossman and Stiglitz 1980), while the realization of
equilibrium price in the present model is dependent on the realization of asset
supply, and not its expectation (see (20)). The latter is consistent with our
typical notion of a Walrasian equilibrium.

I General model

To be provided.

18For example, use the values underlying figure 2 (as in footnote 11) to evaluate the
according elasticities and then use vy = .1,wx =1,A=.9.
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