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This paper investigates the conditions under which a posses-
sor of valuable information on financial security may prefer to
sell it directly or give it away free of charge ie., donating it to
other market participants instead of trading on it. A market
participant will never find it optimal to sell or donate the
information that s/he has monopolistic ownership of. Otherwise,
sale or donation of information has an important commitment
effect in that it credibly commits a risk neutral possessor of
information to a strategy which promotes more intense compe-
tition among informed traders in the market and makes the
trading strategies of other informed traders less aggressive. It is
this strategic externality that makes the selling or donation of
information an optimal strategy. The model in this paper also
shows that if the security price does not fully reflect the private
information of all the traders, diluting the seller's information
before selling it is not optimal even if the seller trades on her
own account while selling her information.
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I. Introduction

Economic agents participate in the trading of financial securities
for various reasons, most notably for the purpose of risk sharing or
earning profits, and the value of information on financial securities
that these agents might have private access to cannot be empha-
sized too much. This paper investigates three possible use of private
information on financial securities for the benefit of its possessor:
trading on it, selling directly to other market participants who do
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not own it, and giving it away to them. The third of using financial
informalion is called donation of informalion since unlike direct
sales of financial information. private information is given away free
of charge to any market participants who are willing to take it.

I refer to direct sale of information as any case in which the end
user ol the information gels lo observe the information belore he
decides lo acl on il. The sale ol inlormation by a mechanism like
the subscription to an investment newsletter of limited circulation
is a typical example of this way of selling information. Thus,
delegated portfolio management through a mutual fund manager for
a fee is nol covered by the definition ol a direclt sale mechanism.!
The typical question that conifronts an information seller in a
financial market is why she has to resort to the sale or donation of
information if she could directly trade on it Therself and,
presumably, make grealer prolils thereby. This paper invesligaies
the conditions under which a possessor of valuable inlormation
may prefer to sell or donate her information instead of trading on
her own account. In addition, this paper explores the nature of the
optimal sales strategy under different structures.

Firsl, il is established that [or a risk neutral possessor of
information who has monopolistic access to information about a
financial security, it is never optimal to sell or donate it instead of
trading on it. This conclusion is based on the assumption that
trading in securilies can be achieved in an anonymous [ashion.
Once the strong assumplion of monopolistic aceess (o inlormation
is removed, it may no longer be optimal for an information
possessor to abjure the direct sale of her information. In fact, the
sale of information to clients who will then optimally use the
information 1o decide their {rading stralegies has important ellecls
on the nature of trading in the financial markets. Such a sale of
information has important commitment effects in that it credibly
commits the information possessor to a strategy that would not be
credible il she were 1o avoid such sales. Inluilively, the sale of
information (o a number of clienls provides for more inilense
competition in the financial market. While this does reduce the
total profits available to informed traders as a group, it also has
the effect of making the trading sirategies of other Information-

'Please reler io Bhatlacharya and Plleiderer (1985) lor the analysis of
delegaled portfolic management.
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based traders less aggressive. As a resuli, although the reduction
in overall proflils [rom lrading may be subslantal, the individual
seller of information does not bear the full cost of the reduction in
overall profits. This strategic externality may make the selling of
information an optimal strategy for the possessor of information,

Extreme case ol direct sales of information is simply giving away
free of charge ie., donating private information on financial
securily. Any markel participanis purchasing informalion [rom the
information seller expect to earn trading profit from it, and the
information seller is exiracling all or parl ol the inlormalion buyers’
trading profit by charging a positive price. Tt is shown that if the
information seller is able to extract only small portion of the
information buyers’ trading profit, and the profit from the sales of
information constitutes a relatively minor part of the seller's total
rom her inlormation, then siralegic ellecl previously discussed will
be maximized by the donation of information.

The issue ol the selling inlormation in the conlext ol [inancial
markets has been analyzed by Admati and Pfleiderer (1986, 1988a)
in two papers. In Admali and Plleiderer (1986), they show thatl in a
competitive rational expectations setup, the optimal way to sell
information is to make it coarser by means of adding ‘personalized
noise’ to the information. This addition of noise prevents full
revelation of information by the market price in the rational
expeclations equilibrium, and thus preserves the value ol privale
information. In Admati and Pfleiderer (1988a), they show that it
may be oplimal [or a monopolislie risk averse inlormalion possessor
to sell her information in order to achieve better risk sharing.

The analysis in (his paper yields resulls thal are different [rom
those of Admati and Pfleiderer, due to the use of a strategic model
of financial market trading. In such a model, given the specified
sequence of moves on the part of various players, the final price
never reveals the information in full as in a competitive rational
expeclalions [ramework, and il may indeed be oplimal to sell
information even without appealing to risk sharing considerations.
In particular, this paper alse shows thatl il is oplimal for the seller
never to dilute her information by the addition of noise, whether
‘personalized’” or nol, even il she trades on her own account as
well. Thus, the results in this paper mitigate the objection that the
optimal strategy established may be illegal due to discrimination
amongst customers,
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Fishman and Hagerty (1995) and Sabino (1993) also investigate
the incentive for the sales of information. There are two major
dilferences belween Fishman and Hagerly (1995) and this paper.
Firstly, in Fishman and Hagerty (1995), the sequence of game is as
lollows: (i) the markel maker chooses the price schedule; (i) given
the price schedule information seller decides the optimal informa-
tion selling siralegy; and (iil) trading of securilies commences. In
this sequence of game, no matter what sales strategy is taken by
the information seller, the price schedule chosen by the market
maker does not change and consequently market liquidity is not
affected by the sales of information. However, in this paper and
Sabino (1993), the [irslt lwo slages are reversed, and considering
the effect of information sales on the market liquidity, the infor-
malion seller oplimally decides the stralegy ol inlormation sales. As
will be shown in the following section, the condition for the
information sales are nol allected hy 1he sequence of game.
Secondly, and more importantly, the model in this paper has fewer
restriction than Fishman and Hagerty (1995) and Sabino (1993).
This paper demonstrates that diluting the seller’s information before
selling it is not optimal even if the seller trades on her own
accounl while selling her information. Therelore, the resulls derived
in this paper are a lot stronger than those from Fishman and
Hagerly (1995) and Sabino (1993).

As mentioned above, this paper does not deal with the moral
hazard aspect of ithe sales of flinancial information. Thal issue is
the focus of a paper by Allen (1990), in which he shows that in
order to convince the buyer of the veracity of the information, the
seller may have to make her own wealth contingent on the price
outcome of the security about which she claims to have private
information. The model in this paper, on the other hand, is based
on the assumption that the buyers of information can costlessly
verily whether the seller has engaged in adequale informalion
gathering or not, although the precise outcome of the investigative
process is nol direclly observable (o the buyer. The analysis in this
paper is related to that of Kamien and Tauman (1986), in which
the single patent holder of a cost reducing innovation in a product
market finds it optimal to license unless he is a monopolist in the
product market. Kane and Marks (1990) and Brennan and Chordia
(1993) compare direct sales of information ito other methods of
indirect sales of information. Kane and Marks (1990) shows that in
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the presence of borrowing constraints, investors prefer direct sales
of information. In Brennan and Chordia (1993), different ways to
charge cuslomers ol inlormatlion sales are compared.

This paper is also related to the work of Bushman and
Indjejikian  (1995), in which the authors model a manager and
market analysts who have costly access to information on the same
random variable. They show thal managers will disclose a noisy
signal of their information to discourage the analysts from getting
any information. Disclosure in their model reduces the potential
profit for analysts and, thus, acts like an eniry deterrent.?

The rest of this paper is organized in four sections. Section II
presents the basic model of the [inancial markel which will be used
throughout the paper. The model is an adaptation of the model in
Kyle (1985), and the condilion for the sales of inlormalion is
derived. The basic model introduced in Section IT will be generalized
in Seclion I[I. The case ol donalion ol inlormation is analyzed in
Section TV, Section V discusses directions for future research and
conclusions. All proofs are presented in Appendix.

II. The Model

A single risky securily is traded in a [inancial markel. The ex
post payoll of this security, denoted &, is normally distributed with
mean ©. The innovalion [rom ihe ex ante expeclation ol © is
composed of two components: the value of existing assets (i.e.,
asset component), denoted ¢, and the present value of growth
opportunities (Le., growth component), denoted £ respectively.
Specifically,

D=v+ + & (1

g and & are mutually independent and normally distributed
with mean 03 and variances «,” and .” respectively.
There are five different fypes of agents participating in the

*The intuilion ol reducing ihe profils on entry is nol very dillereni from
the well known eniry delerrence models in the industrial organizalion
literalure.

We assume a zero mean [or simplificalion purposes. All our resulls go
through even il these random variables, insiead, have a posilive mean.
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financial market. A monopolistic information seller* has costless
access to a private observation of both asset and growth compo-
nenis withoul any noise. The information seller can trade on her
own account, sell her information, or do both.

We assume that the nature of the growlh componenil is such
that market participants other than the information seller are
unable 1o oblain superior information aboul ils innovation.
However, there are N market analysts who are able to ascertain the
innovation in the asset component of the this risky security
without any noise. Any traders who trade on the information
obtained by studying the market by themselves are termed
analysis, and they are nol allowed io buy inlormalion [rom the
information seller. Arbitrageurs and fund managers working for
brokerage [rms and investmenl banks, and even insiders, are
included in this gdroup.

In addition to the analysts and the inlormation seller, there also
exist liquidity traders who trade for reasons exogenous to the
mocdel, and a competitive market maker who set prices that give
them zero expected profits conditional on their information. The
demand by the liquidity traders, which gets aggregated with the
demand by other {raders, is &, and il is independeni of 4 and &,
and normally distributed with mean 0 and variances o'uz.

Sullicienily many ouiside invesiors have neither information about
U nor any liquidity demand for the security, and they are potential
clients of the information seller.

We model the mechanism of information sales as private
provision of garbled signal of the seller’s information. Specifically,
we assume that the seller has access to the random variables fi's
and &y's. which can be used for garbling the signal before selling it
lo the outside inveslors.t Thus, il the informalion seller decides to

*This paper does not model how the information seller has obtained
monopolistic right to sell her information. She might possess exclusive
ownership of the technology that can credibly convey her information to
would-be buyers, or government simply bars any market participants other
than this information seller from selling their information 1o potential
buyers.

The resulis do not change as [ar as ihe information acquisilion cost 1o
be incurred by the information seller is sulflicienlly low thal il is always
optimal for him 1o acquire coslly infermation.

*This method of garbling informaiion is similar o the one generally
modelled in the lileralure. See, for example, Admaili and Plleiderer (1986}
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sell the information on @ to K outside investors with degree of
noise (variance) o-f. then each outside invesior who purchases
information on ¢ from the seller privately observes following signal,

S(i— O+ 1—1,2,.K. 2)

Cn the other hand, il information on & is sold to M oulside
investors with degree of noise, ... then each buyer of information
on & has privale access lo [ollowing signal,

sleyy=é+ayp j=12, M &)

Although information seller has perfect information on ¢ and &,
il is assumed ihal the random variables /i's and d&'s ithal are
used for garbling ¢ and & before selling it to the outside investors
cannol be observed by the inlormation seller.” Information seller
precommits following aspects of information sales policy before any
signal on © is observed: the number ol buyers ol each component
of O, and the levels of noise to be added to & and &.

Sequence of trading is given in Figure (1). Information seller
announces information sales policy before any trader observes
signal on the payoff of the security. After information seller and

and Bushman and Indjejikian (1995].

"This way of garbling signal before selling 1o lthe buyers is called adding
‘personalized noise’ by Admati and Pfleiderer (1986) explaining that “Signals
may be personalized in other, less direct ways. For example, the seller may
provide information that is vague and open to interpretation, so that the
buyers themselves make personal, independent, errors of interpretation.” If
noise is added in this way, each buyer interpret the information provided
by the seller differently and the seller cannot possibly know how each buyer
interprels  the information, As informalion is sold in this way, each
information buyer observes dillerenl signal. Actual process ol garbling signal
can be contemplated in the following way. Insiead of leliing information
buyers know exact value of 4 and &, information seller just provides basic
information that are needed for the valuation of & and &. It is up to each
information buyer to interpret the information and conduct valuation in his
or her own way. Then, depending on the way in which information is
interpreted and what method of valuation is adopted, information buyer will
reach different valuation of 8 and &, that cannot be directly observed by
the information seller, As more delailed information for the valualion of §
and & is provided by the information seller, the level ol noise is reduced
accordingly.
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+ Information seller announces information sales policy.

T Signal on 7 is observed, and information is sold lo oulside
investors.

T+ Markel maker announces price schedules.

T Liquidily demands are realized, and (raders submil marketl
orders to the market maker.

- Price is set by the market maker.

+ Market observes i.

FIGURE 1
TIMELINE

analysts observes signals on #, information is sold to outside
inveslors as precommillied by the seller, and subsequently oulside
investors who just purchase information from the seller privately
observes the signals on & or &. Then, markel maker announces
price schedule, and trading commences. Given the price schedule,
traders including outside investors who purchase information from
the seller decide the sizes of their market orders, that are
aggregated with orders of liquidity traders, and submitted to the
markel maker. Price ol the securily is sel by the markel maker
according to the price schedule. Finally,  is realized and trading is
ended as payoll is given (o the markel participants.

The propertiecs of the random wvariables and the number of
markel participanis including the outside inveslors gelling inlormed
by the purchase of information are common knowledge, and every
agent in the model is assumed to be risk-neutral.

Since there are sufficiently many outside investors who are
potential clients for the seller, the equilibrium price of information
is uniquely delermined such that the expected (rading proflit of
each client equals the price that he pays for the information as the
seller’s information is auctioned oll 1o oulside inveslors. The
outside investors who choose to become clients of information seller
pay the price, and then they privaiely observe the information that
they purchase. Subsequently, they base their trading strategies on
the purchased information. The clients of the information seller
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purchase the unrestricted use of the seller’s information in trading
securities, but resale of the information is assumed to be
prohibited.®

A competitive market maker announces the price schedule on the
basis of all the public information available including the numbers
of buyers of information on each component of U, and the levels of
noise added o & or &. Then, iraders place their markel orders 1o
the market maker, who takes the aggregate net trading order to
clear the market and sets the price such that he expects to earn
zero profits. The market maker is assumed to observe only the
aggregate net trading order, denoted §, and not the individual
trading orders submilied. Following the strailegic (rading model of
Kyle (1985) and Admati and Pfleiderer (1988b), the price schedule
sel by the markel maker salisfies the [ollowing equalion thanks lo
the zero expected profits condition induced by the competition on
the trading [oor:

P=0+ A§j=E[D|1j]. 4)

Information seller, analysts and clients of the information seller
are information-based traders who trade on their privale informa-
tion to earn trading profits. A is a measure of market liquidity and
il represenls how sensilively price moves as nel lrading order
submitted to the market maker changes. The equilibrium A is
determined by the number ol different lypes ol inlormation-based
traders and the precision of their information. The information
seller is a leader of this trading game in that she is able to affect
the equilibrium A, and consequently influence the trading strategy
of all the information-based traders, and ex ante trading profits of
theirs. The instrument she uses o do this is the inlormalion sales
policy that she announces for access to her information.

SWhile the information sellers are likely to be established financial
institutions with reputation and long-term relationship with their current
and future customers, the clients of information seller tend to be general
investors who cannot credibly convince other investors of the quality of
information they try to resell. Since the analysis of this paper is conducted
on the basis of one-period model in which the information is assumed to be
shori-lived, in addilion io the clienlts’ lack of credibility, it is conceivable
thai the inlormaiion buyers cammol have enough time 1o resell their
purchased information 1o other invesiors beflore trading begins.
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The Nash equilibrium of this game follows from the analysis in
Kyle (1985) and Admati and Plleiderer (1988b). The equilibrium
consisls of (1) information sales policy and a (rading strategy lor
the manager that maximize expected profits when the price
[uncticnal is laken as givern; (2) (rading siralegies [or the analysls
that maximize their expected profits when the price functional and
trading siralegies of other traders are laken as given; (3) decision
on information purchase, and trading strategy based on purchased
information of outside investors; and (4) a price functional for the
market makers such that they obtain a zero expected profit for
every realization.

The model presenied in this seclion has a couple of imporiant
characteristics, which leads to the results of this paper. First, in
this model, the seller’s information cannol be leaked lo non-clients
before trading commences by being reflected in the price of the
risky securily. When (raders place their markel orders, they only
observe the price schedule, not the actual price. Therefore, they
decide the size of their trading orders only on the basis of their
own information or their liquidity demand, taking into account the
effects of their trading orders on the price.

Second, the price cannot [ully reflect all {raders’ private inlorma-
tion, and the market can never collapse due to the presence of the
traders with perlecl information. This is because the markel maker
is not able to distinguish random liguidity demand separately from
trading orders ol other lraders who irade on the bhasis of their
information.

In the following analysis, factors that determine which component
of information to be sold will be analyzed, and optimal sale strategy
is characterized.

III. Information Sales Policy

In this seclion, we analyze the seller's inceniives 1o sell her
private information to other market participants. Following lemma
presents market equilibrium given the information sales policy.

Lemma 1
Suppose K ouiside inveslors purchase information on 4 with

; ; 2 : ; :
degree of noise (variance) of «,". and information on & is sold to
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M outside investors with degree of noise of «,% then

1. The equilibrium price schedule is P—0v+ Ay where

2
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2. Each analysl's expecled (rading prolil, denoled ., is
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3. The expected trading profit of the outside investor purchasing
the information on ¢, denoted . is
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4. The expected trading profit of the outside investor purchasing

the information on &, denoted .. is
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5. The expecled (rading prolit earned by the inlormation seller,
denoted x., is.
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As shown in Lemma 1, information seller earns her trading profit
from the information on asset component as well as on growth
component., Since analysts also have access to the information on
asset component without any noise, seller's trading profit earned
rom the information on assel componeni is exaclly same as the
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analyst's trading profit.

Information seller, analysts and information buyers are all
informed {raders who expecl lo earn (lrading prolit [rom their
information on . Their combined total trading profits are given in
the f[ollowing equalion.

M7 wat+Km+M 7.+ ws

[2 {0i+2al)?
AN+E+2) o5 +2(N+2) 5.)

2
5 Ty

(5)

3 2 2
s [ o+ G{.:)

+ - 2
K NtK+2) P ran+2) o2
[ 5o+ o) 2 (042 a)* 62]
AM+2) o?+4 677 AM+2) sZ+4 6D

First two items in equation (5) are trading profits earned by
information seller, analysts and information buyers from the
information on asset component while the last two items are
trading profits earned by inlormalion seller and information buyers
from growth component.

Information seller is a Stackelberg leader of the game in the
sense that she effectively determines the equilibrium price schedule
and expected (rading profitls of markel parlicipanlts by pre-
committing information sales policy at the beginning of the game.
Due to the sufficiently large number of outside investors bidding for
the seller’s information., in equilibrivm prices for the information
are equal to the ex ante trading profits earned by the information
buyers. That is, information seller [ully exiracis (rading profil 1o be
earned by her clients. Thus, the seller's objective is to maximize
her lolal prolil thal consists of her own Ulrading profil and the
profit earned from the sales of her information, Specifically, the
information seller will maximize

51P

"= zs+Kms + M 5. )

by optimally choosing (KM, 5f, 7). Following proposition demon-
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strates which component of information will be sold to maximize
the seller's total profit.

Proposition 1

A monopolistic information seller will never lind il oplimal to sell
her information on growth component, but her total profit will be
maximized by selling her informalion on assel component lo [linile
number of outside investors.

Proposition 1 shows that the information seller does not sell the
information on growth component that she has monopolistic
ownership ol, while she is able lo earn grealer lotal profit by
selling the information on asset component that she shares with
analysis.

Since the information seller is the monopolistic owner of the
information on growth componeni, we can see [rom equalions (5)
that the seller takes all the expected trading profit earned from the
information on growth component. The sale of information on
growth component creates unnecessary competition between her
clients and the seller herself, and the profit from the sale of
information on growlh component always [alls shorl ol the seller’s
profit which could be earned by trading on her information on
growlth component without selling it. Therelore, il is desirable for
her to keep the information on growth component to herself and
trade on il instead of selling il. The intuilion here leads lo the
same outcome as in the Cournot oligopoly model where industry
profits are decreasing in a number of identical firms.

However, the seller does not have monopolistic ownership of the
information on asset component, and she has to face competition
[rom analysts and share the (rading prolil [rom the inlormation on
asset component with analysts. Since the seller is not able to
appropriale the entire (rading proflit the informalion on assel
component by herself, her objective now is to maximize not the
lotal trading proflil [rom the information on assel component, bul
her share of it.

The sale of information to clients who will then optimally use the
information to decide their trading strategies has an important
commitment effect in that it credibly commits the information seller
o a siralegy thal would notl be credible il she were io avoid such
sales. The sale of information to a number of clients provides for
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more intense competition in the financial market. While this does
reduce the total trading profits from asset component, it alsc has
the ellecl of making the lrading slralegies ol analysis less
aggressive. This is actually the ‘strategic substitutability’ in the
sense ol Bulow, Geanakoples, and Klemperer (1985). Allthough the
reduction in overall trading profits from asset component may be
substantial, the seller ol informatlion does nol bear the full cosl of
its reduction., By selling her information to a number of clients, the
information seller is able to make the trading strategy of the
analysts less aggressive and increase her share of the trading
profits ifrom asset component at the expense of the analysts’ profit.
It is this siralegic exiernality ithat makes the sales ol inlormation
an optimal strategy for the information seller.

In Admati and Plleiderer (1988a), only a risk averse inlormation
seller chooses to sell her information for the purpose of better risk
sharing with her clients. As shown in Proposilion 1, however, even
with a risk neutral information seller, the presence of other
information owners in the market justifies her decision to sell her
information, and she obtains higher profits by committing herself to
a strategy that promotes more intense competition in the market.?
Although il is assumed thal the seller ohserves ¢ withoul any
noise, the seller's decision to sell her information depends not on
the precision ol her information, bul on the stralegic efleclt of
selling her information which makes the trading strategy of the
analysis less aggressive. In parlicular, even il the seller’s informa-
tion Is coarser than the analysts’ information, she will still choose
to sell her information since this promotes the information-based
competition in the market, by which she is able to obtain higher
profits.

Since ihe seller hersell is also a (rader in the marketl, as
information with lower degree of noise is provided, there might exist
a (lradeoll belween her own (rading profilt and the profil [rom
information sales. By creating more intense competition in the

SThis is quite a contrast to Admati and Pfleiderer (1988a). They
demonstrate that if either information seller or outsider investor is
sufficiently risk tolerant (lLe.. close to risk neutral), it is optimal to have
only one informed trader in the market. However, Proposition 1 implies that
il the seller and outside inveslors are risk neulral, il is always optimal io
increase 1he number ol informed iraders in lhe markel unless the seller is
the menopolistic owner ol the information.
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market, the seller's own trading profit might suffer. In order to
maximize her total profit from trading and information sales, the
seller may have an incentive lo sell informalion higher degree of
variance by adding noise to her information before selling it. As the
nexl proposition shows, in spile ol this tradeoll, the seller’s profil is
maximized by selling her information ‘as is’ without adding any
noise 1o it.

Proposition 2
The information seller never finds it optimal to add any noise to
her information on asset component before selling it.

From Proposition 2, we can see that information seller now
chooses oplimal K* lo maximize her lotal prolil given in the
following equation.

ol (K+1) o 1 ge  (N+K+1) of
mr_—+—————— where A=—— —
4 A AN+-EK+2)7 Cu 4 N+ K+ 2)*

Proposition 2 is quite a contrast to Admati and Pfleiderer (1986)
in which the seller wilth very precise inlormation prelers (o add
personalized noise to her information before selling it. In their
paper, bhased on a ralional expeclations model, the information
purchased by clients is leaked to non-clients by being reflected in
the price before (rading commences. As more precise informalion is
sold by the seller, the price carries more of her information due to
her clients’ more aggressive use of it, causing faster deterioration of
its value and even market breakdown. To prevent market collapse,
the precision of the information sold to the clients needs to be
lower than a crilical level. Since more noise needs lo be added as
the seller's information gets better, the seller canmot fully exploit
her improved information lor her profil. Since ihe added noise
terms are independent random variables, they observe different
signals and submil dillerenlt sized (rading orders 1o t(he markel
maker although information sold to the seller’s clients has the
same precision. Therefore, it is even possible that some clients
make ex post trading profits while others suffer ex post losses,

In this model, however there is no leakage of the seller's
information lo other markel parilicipants belore (rading commences,
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and price cannot fully carry traders’ private information thanks to
the random liquidity demand which is exogenous noise in the
markel. As more precise information is sold to the seller’s clients,
the wvalue of information increases without ever causing market
collapse. Therelore, the seller is able 1o sell the best inlormation
she possibly can, and obtains the highest profit possible by selling
her informaltion ‘as is" withoutl adding any noise.

Proposition 2 is a lot stronger than a related result in Admati
and Pfleiderer (1988a) and Fishman and Hagerty (1995) where the
seller is restricted not to dilute her information in the sense that
Proposition 2 demonstrates that even if there is no such restriction
imposed on the seller, and she is allowed (o dilute her inlormation
before selling it while she trades on her own information, the seller
siill never [inds il optimal 1o dilule her information belore selling il.

There are a couple of important implications derived from
Proposition 2. First, the seller {rades on exaclly the same inlorma-
tion as that sold to her clients. This implies that her expected
trading profit is equal to that of each of her clients’ which is the
price she charges for the information. Therefore, the total profit she
expects to make by selling her information to K clients and trading
on her own account is exaclly same as thal by selling her
information to K-+1 clients without being engaged in any trading
hersell. In equilibrium, as far as the seller communicates honesily
there are the same number of traders in the market who trade on
the seller’s information whether the seller ulilizes both oplions or
not,

Second, if the statistical properties of the seller’s information and
her decision on the sale of her information are common knowledge,
one of the incentive problems on the part of the information seller
can be avoided. Since ihe seller irades aller she is paid lor her
information, in order to increase her trading profit, she has an
incenlive Lo cheal her clienls by actually providing the inlormalion
with lower precision than the one for which they pay. Suppose the
seller is restricled lo choosing belween selling her inlormation and
trading on it, and not allowed to do both. Proposition 2 shows that
as long as the seller communicates honestly with her clients, this
restriction does not change the seller's total profit. Since the seller
no longer trades when she sells her information, she has no reason
lo cheal her clients, and her information is communicated honestly.
Thus, this model is able to provide a strong answer to the question
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of why an information possessor may abjure trading totally and sell
information only. This contradicts the central result in Allen (1990).
Note, however, thatl this paper has nol deall with the general moral
hazard problem in Allen (1990).

Comparalive slalics on the equilibrium are collecled in the
following proposition.

Proposition 3

1. The information seller sells her information on asset component
to more outside investors as the number of analysts increases.

2. As ¢f decreases, or ¢’ increases, information on asset compo-
nent is sold Lo more outside investlors.

As more analysls (rade on their inlormation, they colleclively
trade more aggressively, which reduces the seller's information sales
prolit. She is unable 1o recover all of the loss incurred by the more
aggressive trading of analysts, but she can still retrieve part of the
loss by selling her information to more clients at a lower price,
diluting the analysts’ trading profits, and thereby enhancing her
share of the market trading profits.

As s increases, information seller earns greater portion of her
total profit from the trading profit from the information on growth
component, and the seller is more willing lo increase her lrading
profit from growth component at the cost of the profit from asset
component o maximize her lotal profit. This can be achieved by
selling the information on asset component to more clients, ie.,
and thereby decreasing equilibrium A, as can be seen from
equation (7). The opposite is true in the case that & increases. To
protect her profit from the asset component, the seller is less
willing 1o dilute the value ol her informalion on assel component,
and thereby she tends to sell her information to smaller number of
clients.

Analysis has been conducted to this section based on the
assumplion thal the seller is able lo [ully exiract ihe her clienis
expected trading profit by taking advantage of their bidding
competition for the her information. As this assumption is relaxed
and the seller cannot possibly extract the 100 percent of her
clients expected trading profit, next section shows that optimal use
ol seller’s informatlion is neither trading on il nor directly selling 1o
outside investors.
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IV. To Sell or Donate Information

In this section we relax the assumption that the seller is able to
Mully exiraclt her clients’ expecled trading profil. Instead. the seller
earns SBm; from each client, where m, is the expected trading profit
earned by each clienl and S<1 is the resull of a transaclion cosls
incurred by the seller.19 Other aspects of the model remain the
same. From equation (7), the seller's total profit in this case is
given in the following equation.

2 2 2
TP 0z 971 BK g
M — + +

4 2 AN+FEK+2) AIN+EK+2)°

1 ¢ (N+K+1)of
where A=—— +— 8)
T 4 (N+-K+2)

Next proposition demonstrates that if the seller can keep only a
small portion of her clients’ expected trading profit as her profit
from the sales of information, and the value of the information that
she has monopolistic ownership is greater than ithe one thal she
shares with analysts, then her total profit can be maximized by
simply giving away her informalion on assel componenl lo oulside
investors. If the seller opts to use her information in this way, we
call il donalion of information since the seller reveals her
information to outside investors without charging any price.

Proposition 4

The donation of information brings higher expected profits for the
information seller than sale of inlormation il 2<1/2 and o2/c8 is
high enough. However, if 5>1/2 and N>=2. then sale of infor-
malion is always superior o the donation of information.

"If the seller has to pay tax for the profit she earns from the sales of
her information, or constant marginal cost is incurred by the seller for each
of her client, then she cannot retain 100 percent of the client’ expected
trading proflit as her profil from the sales ol inlormation even though the
price paid by the information buyers is still equal 10 their expecled lrading
profit.
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The first two terms of equation (8) are the seller's trading profit
from the growth and the asset component, respectively. The
expecled (rading prolil earned by each clienl is 7y — o/ AN-+K+2)°,
and the last term of equation (8) is the seller’s profit from selling
the inlormation on the assel componenl. The seller’s problem is lo
determine the optimal K*. We can also see from equation (8) that
K— o is equivalent to the [ull disclosure of the assel componeni. In
that case, m,=0 and the seller does not charge any price for her
information, and eam any benefit from selling.

An information seller may choose to disclose or donate
information to the market even though there is the option of selling
it at a slrictly positive price. The intuilion for the resull is more
obvious close to the limit. For example, suppose the price that can
be charged by the newsleller is bounded by a small quanlily (Le.
B is small). In this case, most of the expected profit from sales is
relained by the buyers ol inlormalion. An increase in the number
of buyers reduces the profits from the asset component, but due to
a previously explained intuition for Proposition (3), it increases the
profit in the growth component. For a small 3, the increase in
profits of the growth component outweighs the decrease in the
assel componeni and, thus, [ull disclosure (K*—co) is oplimal.ll

V. Conclusion

This paper analyzes optimal use of private Information on
financial securities, and investigates the conditions under which a
possessor of valuable information on financial security may prefer
to sell it directly or give it away free of charge ie., donating it to
other markel parlicipanls insiead of irading on il. A marketl
participant will never find it optimal to sell or donate the
information that s/he has monopolislic ownership ofl. Bul, il other
market participants also have access to the information, sale or
donation ol inlormation has an important commitmenti eflect in that
it credibly commits a risk neutral possessor of information to a
strategy which promotes more intense competition among informed
traders in the market and makes the trading strategies of other

"When there are finite number of ouiside inveslors in the market, then
ithe seller sells her inlormaiion on assel component to all ithese oulside
inveslors by charging a sulliciently low price.
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informed traders less aggressive. It is this strategic externality that
makes the selling or donation of information an optimal strategy.
Since price cannol refllect all the private inlormation held by traders
in the market, information sellers find it optimal to sell their
informalion ‘as is’ withoul adding any ncise belore selling il to
clients.

Exireme case of direcl sales ol inlormation is simply giving away
free of charge ie., donating private information on financial
security. It is shown that if the information seller is able to extract
only small portion of the information buyers’ trading profit, and the
profit from the sales of information constitutes a relatively minor
part of the seller’s lotal [romher inlormation, then sirategic ellect
previously discussed will be maximized by the donation of
information.

This paper explores only the issues raised by the direct sales of
information. There are many olther ways in which a possessor ol
valuable information may offer it for use in trading. For instance,
mutual fund managers sometimes claim to invest their share-
holders’ money based on private information and research, but
shareholders of a mutual fund never directly observe this
information. A broader comparison beiween such dillerent selling
methods is much needed, and this paper is best viewed as a first
step. On the other hand, informatlion sharing can be conducted
when investors with private information on risky security form an
exclusive group among themselves and reveal their private
information to each other hefore trading commences, and then
trade the risky security based on shared information. Analysis of
these two possible use of information are left for further study.

Another important issue in this context concerns the incentive
problems of sellers. It is assumed both thal the siatistical prop-
erties of a seller's information are common knowledge, and that
truthful communication can be guaranleed. This paper demon-
strates, however, that a risk neutral information seller need not
trade (o maximize her profit if her information is truthlully
communicated. This, clearly, is not a complete solution to the
general incentive problems. A more detailed appraisal of these
issues in an integrated framework remains a topic for further
research.
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Appendix

Proof of Lemma 1: Suppose a linear price schedule of P=v+ iy is
announced by the markel maker. We are going Lo prove that this
price schedule and the following linear trading strategies of
information seller, analysis and inlormation buyers [orm a Nash
equilibrium,

« Information seller:

N A2 gl . gi+2 gl
pot+ye= Z 7 . o
AMK+N+2) g5 +2(N+2) 7] AM+2) o7 +4 ;)
- Analysts
N o +2 a7 N
&)= )

AEAN+2) 08 +2(N+2) 5.0)

+ Buyers ol inlormatlion on assel component:

2
o o2 ~
o8+ ) — —(& + zi).
T MK+N+2) g +2N+2) 63

« Buyers of information on growth component:
ol {
AUM+2) o2+ 4 )

+a)J~).

oy

r(&+a)=

Taking the price schedule and other informed traders’ trading
slralegies as given, lhe seller’s oplimal trading slralegy is derived
from following maximization problem given the information of @
and &:

R M
max Ep(p+ 0+ &—0— Ax+N ¢+ alJ+ji)+ Xz (& +a)+i))| J, &].

=1 i1

The [irslt order condition is given by:

O+&—2 Ax— AN 6 — AKab— IAMc&E—0. (A.1)
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Taking the price schedule and other informed traders’ trading
strategies as given, the analyst's optimal trading strategy is derived
[rom [ollowing maximization problem given the inlormation ol &:

K
max E[z0+ 0+ —0— Ald0+7vé+z+(IN—1) ¢d+ > (D +14)
z i—1
M N
+31 (& +a)+w)l 8.
j=1

The first order condition is given by:
A-240—-2 iz— AN-1) ¢8 — iAKad —0. (A.2)

Given inlormation on @, each oulside invesior buying informaiion
on asset component solves the following maximization problem
taking price schedule, and other traders’ trading stralegies as given:

K
max Elwp+J+—-0— A p0+rE+Ngd+w+3 a(d+/1)
A i-=h
M R
+ 2 (E+ @)+ )| O +iin]-
=1

The first order condition is given by:

55 L aa dh .
— 5 O+ —Ag——F—— A0+ —AN¢ ——— (0 +) -2 Aw
gy taun oo t o gy Ton
2
Ty P
—AK-1 o ———1{68+)=0, (A.3)
ag + 0,

Given information on £, each oulside inveslor buying information
on growth component solves the following maximization problem
taking price schedule, and other traders’ trading stralegies as given:

K
max Eff@+d+&—0— Al pd+yE+-NQG+> a0 +j) +1
i—1

M
£S5 (2 ta) F i) & al.
J=t
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The first order condition is given by:

2 2 Z
a: fefs S o: .
G EtE - Ay () —2At—AM— 1) ——F—A& +a) =0,
ag¢ +a, as +ay e+

(A.4)

From equations (A.1), (A.2), (A.3), and (A.4) we can have following
sel ol simullaneous equations, and by solving these equalions we
can derive optimal trading strategies of informed traders,

2+ NAS+KAg=1
2y +Mar—1
A+ IN+1) A +KAa—1

P4 2 2 2

(¢]] Ty Ty (6)7]
RﬂﬁﬁJrN}it/)ﬁJrQAaﬁL[K*l)/l 2 2= 2 2
s+ 04 T 0 ai + oy od + 7
al ol ol
A7 ﬁ-l—z/lz'-‘-[M—l)/‘\ 2 7 — 2 7 -
02 T Ty ds T, g+,

Given price schedule, the net aggregate trading order submitted to
the markel maker is given in the [ollowing equalion:

B . K M
U— dG+yE+Na+> a(@+a)+2) r(E+a) -+ (A.5)

i—1 J=l
The markel maker sels the price schedule that oblains a zero
expected profit for each realization of gy, and the price schedule
satisfies the following conditional expectation:

’

D+ AG=D+E[ ) +Z|ij]

Expected trading profit earned by the information seller given in
the Lemma 1 is derived in the [ollowing equalion given equilibrium
trading strategies of informed traders and price schedule,

El{ ¢6+72)[0+8+&—v— Ay
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Expected trading profits of analysts, and information buyers are
derived in the similar ways.

Q.E.D.

Proof of Proposition 1: Information seller’'s lotal prolil is given in
the following equation from Lemma 1.

M= ze+Km +M .

- (gi+2 02 . (oi+2a) .

- . P T o s
AN+E+2) o +208+2)62 ' AM+2) 62+4 52
2 2 2 2 2 2
an | g T 7, . ag: | o: +a, .
2 oi+57) M ( 2) :

B s - oo O
AN+K+2) g+ 2(N+2) 522 AM+2) g2 +4 g2

o/ +2 oV +Kailal o)), Ao+ 2a) +Nollalva))

o 0 + P P
(IN+E+2) o5 +2(N+2},.) (M+2) 62+4 a2
[N+ +2 2 +K ofl oF +0)

\/ (N+K+2)af + 200+ 2) 5.

2 2.2 2 2 2
, loe+25 7 +Molo: +a,)

3
ap +

(M+2) a2 +4 52

(A.6)

By taking derivative of 11¥'7 with respect to M, we can find 1%
is monolonically decreasing in M, and therelore oplimal M is zero.
However, if we can find [é‘llsrp/ 6K)|k=1>0, and therefore, the seller
can earn higher lotal proflil by selling the information on assel
component,

Q.E.D.

Proof of Proposition 2: With M=0, the seller total profit is given
in the following equation from equation (A.6).

sTP
M — as+Km+M
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(os+2 oY +K 0i( o +07) ol
2
o +
(N+K+2)ef +20N+2) 5. a
=, (A7)
R e e
agi+——
/ ((N+E+2) ol + 2(N+2) o 2f 4
By laking derivalive wilth respecl lo ojf, we can find 7 is
monotonically decreasing, and therefore optimal ;=0 is obtained.
Q.E.D.

Proof of Proposition 3: With M—0, and «”—0, the seller’s lotal
profit is now

where A——— -+

s of  (Kilaf 1/65 (N+K+1) o
45 AIN+K+2) sud 4 (N+E+2)?

By taking the derivative of 11”7 with respect to K, we have

oIt o o2 INtK+1of V2
= I(7+ ) [A+B] where (A.8)
JK  ouN+K+2P 4 N+K+2)
62
A=—"(3N—
3 ( K)
o (— K2+ K(N—1)+2N*+ 3N) (A.9)

B=—
2(IN+K+2)°

Optimal K* is obtained from the solution of A+B=0 given in
equation (A.8). Since JA+B)/¢K<0, for all K, second order
condition is satisfied. From equation (A.8), we can find J{A+B)/JN
>0, JA+B)/é >0, and FA+B)/ 9 ¢i<0, and therelore, compara-
tive statics in the proposition are derived.

Q.E.D.

Proof of Proposition 4: By laking the derivative of T°7 in
equation (8) with respect to K, we have
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15T s ) Gs2+ IN+K+1) g, %2

— A+B
AK gulN+K+2)° ( 4 N+ K+ 2)* } [ ]

where

2

A—%[K[l -2/ +N22+1)+4(5-1))

gi(— ARP+K(AN+28-3)+ N+ 12 BN+4( 2 —1)+N)

2(N+K-+2)*
and
A al
=—(1-245
oK 8 ( #)
oB O‘gz

K 2[N+K+2)3u — BIN+2))(BK+3N-+2).

(A.10)

(A.11)

(A.12)

For £=1/2 and N=2, (JA/dK)+(3B/3K) <=0 holds [or all K and
from equation (A.11). We can see that A+B>0 at K=0 and K=1,
bul as K increases, A+B decreases 10 —oo. Therelore, there exisls
a unique K*=1 such that (3Ts/9K)|z—r<0 and (8°Ts/ 6K |x_re

0, and Tls is maximized al K*.

I 1" increases in K=0, ie., (¢1Ts/9K)=0, then optimal K* is
+oo and donation of information is the optimal strategy that

maximizes Tls. For #-<-1/2, we can consider two possibilities.

« f<1/2 and 1—3(N+2)==0

In this case. {rom equation (A.12) we have (JA/¢K)>0 and

(6B/3K)=0, Thus, il A+B=0 holds at K—0, ie.,

2 2

2 N@AT A B ) ——
5 2(N+2]2

(N+1)(2 BN+4(A—1)+N)
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ol i :
SNBSS SN 1) 20

then for N=4, (aﬂSTP/GK];:O for all K and K¥*=+o is
obtained.

+ 8=1/2 and 1—-8IN+2)<0
In this case, (FA/dK)==0 is slll true, and the minimum ol A
obtained at K=0 is

2

%{N[Qﬁ”r 1)+4(48-1)).

But (6B/¢K)=0 holds for all K. and the minimum of B is now
obtained at K=+0, which is — g 3. Therefore, A+B>0 is satisfied
for all K if following condition is satisfied.

2
o .
mH1A+nm1B:—gﬂNﬂﬁ+l}HHﬁfID*6fﬁ>0
By combining iwo cases, we now have sullicient condition [or the

donation of information.

}-1/2 and
o .
2;W@B+U+«Bfnrwﬁ8>a

We can see that for 1—AN+2)<0, (¢Z/8WNE2A+1)+4 A1) —
gé £=0 is more likely 1o hold for bigger N and 7 bul smaller f,
and the result follows.

Q.E.D.

[Received 13 Februwry 2003; Revised 11 March 2004)
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