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We analyze a competitive model in which differ-
ent information signals get reflected in
value at different points in time. If investors are
sufficiently risk averse, we obtain an equilibrium
in which all investors focus exclusively on the
short term. In addition, we show that increas-
ing the variance of informationless trading in-
creases market depth but causes a greater
proportion of investors to focus on the short-
term signal, which decreases the informative-
ness of prices about the long run. Finally, we also
explore parameter spaces under which long-
term informed agents wish to voluntarily dis-
close their information.

We contribute to the literature on information aggre-
gation in financial markets by analyzing trading
behavior and information acquisition in a competi-
tive model in which different signals get reflected in
value at different points in time (in the short-term
and in the long-term). In our framework, a continuum
of risk averse agents can choose to specialize either
in collecting short-term information or in collecting
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long-term information. They then trade in a market which is semistrong
efficient due to the existence of a competitive, risk-neutral market-
making sector, and of uninformed liquidity traders whose share de-
mands are unmodeled. We impose no exogenous restrictions on in-
formed agents’ trading behavior so that all their trades and their ex
ante gains from trade are determined as part of a rational expectations
equilibrium. Our study of the incentives to be short-run oriented in in-
formation acquisition decisions is important because there have been
arguments that excessive short-term behavior by investors leads to
reduced price informativeness about long-run fundamentals, and my-
opic and nonvalue maximizing investment decisions on the part of
corporate managers.1,2

One of our primary goals is to explore the comparative statics as-
sociated with the equilibrium proportion of agents who collect short-
term information. Under an identified linear equilibrium in the trading
stage, if the risk aversion of agents is low, we obtain an interior equi-
librium in which a certain proportion of agents chooses the short-term
signal and the complementary proportion chooses the long-term one.
However, as the risk aversion parameter is increased for all agents, the
interior equilibrium disappears and the only remaining equilibrium is
one in which all agents collect short-term information. This is because
agents suffer disutility as their positions are buffeted by public infor-
mation shocks unrelated to their private information; longer horizons
accumulate more shocks. Thus, if agents are sufficiently risk averse,
they all choose to collect short-term information.

It is standard in studies of security and market design to analyze the
liquidity of alternative trading mechanisms. A common viewpoint of
practitioners is that increasing the liquidity of financial markets lowers
the cost/benefit ratio for short-term behavior relatively more than for
long-term behavior, and hence increases the degree of “short-termism”
in the economy. One manifestation of this argument is a proposal by
the Clinton administration to tax short-term security holdings (less
than 6 months) at a higher tax rate than long-term security holdings.
This proposal is implicitly based on the premise that short-term in-

1 See Jacobs (1991, chap. 1 and 2) for an excellent informal elucidation of these arguments, and for
anecdotal evidence on myopia on the part of investors. In particular, he states the following on
p. 38: “A popular way to make money on stocks . . . is to predict whether reported results will be
higher or lower than the reported forecasts. Not surprisingly, the analysts that serve stock traders
want to cater to their informational needs, so they focus greater attention on predicting quar-
terly earnings accurately and less on becoming knowledgeable about a company’s competitive
forecasts.” There is also empirical evidence documenting evidence of short-termism by investors:
Lang and McNichols (1992) show that institutional investors are prompt in selling firms that exhibit
poor earnings performance.

2 The link between the myopic behavior of corporate managers and short horizons of institutional
investors is formalized in a recent paper by Coles and Suay (1994).
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vestor behavior is undesirable because it adversely affects long-term
price efficiency, which is important for efficient corporate investment
decisions.

We find that the fraction of traders who choose to acquire the short-
term signal increases as we increase the variance of informationless
liquidity trading; this leads to greater market liquidity or depth in
equilibrium, but prices reflect less long-term information and more
short-term information. These results obtain because a marginal in-
crease in the variance of liquidity trading has a greater positive effect
on the utility of short-term agents than on long-term agents, since
short-term agents take more aggressive positions based on their in-
formation. This tends to promote collection of the short-term signal,
and decrease investor interest in the long-term one.

Our model contributes to the literature on the dynamic trading
behavior of informed agents. In particular, we analyze the optimal
trading behavior of a risk averse agent with long-lived information
that is unrelated to an impending public announcement. Intuitively,
if the trader takes a large position before such an announcement,
then he suffers substantial disutility by bearing the risk of the price
reaction to the announcement. Therefore, the agent optimally chooses
to postpone heavy trading until just after the announcement, which is
consistent with the empirical evidence of volume increases following
public announcements documented by several researchers.

The result that all agents may choose to shorten their horizons by
choosing to specialize in short-term information is obtained in a set-
ting where informed agents cannot announce their private information
credibly, which is a reasonable stipulation, given the clear manipula-
tion incentives that arise otherwise [see Hirshleifer (1971)]. However,
if credible disclosure is possible, another means by which agents can
shorten their horizons is by voluntary revelation of their (long-term)
private information in a dynamic setting.3 The latter part of our anal-
ysis allows for such voluntary (credible) disclosure and shows that
the incentive to reveal long-term information after an initial round of
trade is strong if the holding period risk is large relative to the value
of the private information.4,5

3 There is a large literature (see, e.g., Diamond [1985] and Kim [1993]), which focuses on the optimal
disclosure policy of firms. The focus in these articles is on the tendency of disclosure policy to
affect incentives to acquire private information. In contrast, our focus is on whether informed
agents themselves have an incentive to disclose their information.

4 Fishman and Hagerty (1995) analyze whether a strategic insider would wish to disclose his trade
in a two-date model like ours. However, in that model, the insider may or may not be informed
and if he is informed, he knows the realization of the security value exactly. Disclosure may
be optimal because an uninformed insider wishes to manipulate the market by moving the price
upon the disclosure. In contrast, in our model, all agents are competitive and there is no possibility
of market manipulation. We focus on the aversion to holding risky positions for a long time as
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Due to the dynamics and the complex procedures involved in the
computation of the informed agents’ ex ante utility, we are unable to
obtain analytical results, and therefore rely on numerical simulations.
While this limitation should be noted, we believe our model offers
useful insights without imposing excessive structure or exogeneities
in trading behavior. From a modeling standpoint, our analysis is re-
lated to Brown and Jennings (1989), Grundy and McNichols (1989),
and Hirshleifer, Subrahmanyam, and Titman (HST) (1994). All these ar-
ticles present two-period competitive trading models with asymmetric
information.6 In Brown and Jennings (1989) and Grundy and McNi-
chols (1989), groups of agents simultaneously receive a set of diverse
information signals prior to trading at each of two trading dates, while
in HST, agents receive the same information at stochastically differ-
ent times. In contrast to these articles, we present a model in which
different groups of risk averse agents receive information which gets
reflected in value at different points in time; our goal is to explore risk
sharing between the short-term and the long-term informed agents.

Our model is related to another strand of research which assumes
the existence of a class of agents with exogenous short horizons, that
is, who exogenously optimize over a single period in a multiperiod
setting. This literature includes Bhushan, Brown, and Mello (1991),
Dow and Gorton (1994), Froot, Scharfstein, and Stein (1992), McNi-
chols and Trueman (1994), and Vines (1995). In contrast to these
articles, we endogenize the choice of horizon by an agent and are
therefore able to explore comparative statics associated with the pro-
portion of agents in the economy with short horizons.

Vives (1995) proves existence and uniqueness of a linear equilib-
rium in a dynamic model similar to ours, but with some significant
differences. Thus, while both models possess a risk-neutral market-
making sector, the nature of the uncertainty faced by informed agents
differs. Specifically, in Vives, each of a continuum of informed agents
observes a signal about the true value with an independent noise
term; thus, the signal noise in his model aggregates to zero across
agents. In our model, however, all agents of a particular type (short-
term informed or long-term informed) observe the same signal, but

the motive for voluntary disclosure.
5 Admati and Pfleiderer (1988a), Fishman and Hagerty (1993), and Vishny (1985) present explana-

tions for why a strategic informed agent may prefer to sell information to others than trade on it
as a monopolist. Our focus is on whether informed agents have an incentive to publicly disclose
their information without the possibility of obtaining any remuneration for doing so.

6 Demski and Feltham (1994) and Kim and Verrecchia (1991) also present rational expectations
models with two rounds of trade, with public revelation of noisy private signals in the second
round. The focus in these articles is on the behavior of volume and trading costs around public
announcements.
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the final value of the security is subject to public information shocks
that are uncorrelated with their private information. (This is equiva-
lent to a model in which the signal noise is correlated across agents.)
The latter feature causes the nature of our equilibria to differ from
that of Vives (1995). In particular, unlike in his article, dynamic trade
can occur even if agents receive only one private signal prior to com-
mencement of any trading, as risk averse agents wish to reduce their
exposure to public informational events unrelated to their private in-
formation. Thus, our model underscores the point that the timing of
public information shocks plays an important role in determining the
trading behavior of risk averse informed agents. It is worth observing
here, however, that Vives’ structure allows him to obtain existence
and uniqueness results, while such results are only available for spe-
cial cases in our article.

The structure of this article is as follows. In Section 1 we describe
the economic setting. Section 2 describes the equilibrium. Section 3
discusses endogenous information acquisition. Section 4 investigates
the incentives for long-term informed traders to publicly disclose their
information. Section 5 summarizes. All proofs, unless otherwise stated,
appear in the appendix.

1. The Economic Setting

Consider a risky security that is exchanged for a riskless security at
two trading dates, 1 and 2, with its liquidation value subsequent to
date 2 (at date 3) given by

F = δ + η + θ + ε, (1)

where δ, η, θ , and ε are mutually independent, normally distributed
random variables, each with a mean of zero.7 The variables δ and η
are publicly revealed at date 2, while θ and ε are publicly revealed at
date 3. The variable ε is the imprecision in the long-term signal, while
η is the imprecision in the short-term signal.

In order to investigate the gains to collecting information about the
long-term signal θ versus the short-term signal δ, we assume that there
are two types of informed traders: long-term informed traders learn
precisely the realization of θ just prior to trade at date 1, while short-
term informed traders learn the realization of δ just prior to trading

7 Note that F has an unconditional mean of zero. This is merely a normalization for expositional
convenience; one could add a positive ex ante mean F̄ to the right-hand side of Equation (1)
without altering any part of the analysis.
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at date 1. Each informed trader has an endowment of B0 units of the
riskless bond. The riskfree rate is normalized to zero.

We consider a competitive framework and thus assume that there is
a continuum of each type of informed trader.8 The mass of long-term
informed traders is M , while the mass of short-term informed traders
is N . Since M and N can be interpreted as the proportions of each
type of informed trader in the economy, we normalize M + N = 1.
While M and N are exogenous in Section 2, they are determined
endogenously in Section 3.9

Both groups of informed traders have negative exponential util-
ity with a common risk aversion coefficient R . For now, we assume
that long-term informed agents cannot publicly disclose their private
information at date 2. This assumption has been made by several
other articles which use dynamic frameworks, for example, Brown
and Jennings (1989), Froot, Scharfstein, and Stein (1992), Grundy and
McNichols (1989), and HST (1994), and appears to be reasonable be-
cause an agent has no incentive to be truthful if disclosure is allowed,
so that uninformed agents may disclose pure noise and pretend that
they have information. Nevertheless, in Section 4, we explore the im-
plications of allowing long-term informed traders to publicly disclose
their information, assuming they can do so credibly.

Liquidity demand shocks of z1 and z2, each normally distributed
with zero mean, arrive at the market at dates 1 and 2, respectively.
These shocks are independent of each other and of θ , δ, ε, and η.
There is also a group of risk-neutral market makers, who possess no
information about the fundamental value of the risky security. These
agents represent a competitive fringe of traders (e.g., floor brokers,
scalpers, or institutions who monitor trading floor activities) who are
willing to absorb the net demands of the other traders at unbiased
prices.

At both dates 1 and 2, informed investors submit demands as a
function of their information and the past and current market prices.
The market makers observe the net (combined) demands of the in-
formed and the liquidity traders at each date. The net demand in
period i is denoted by ωi (i = 1, 2). Since the informed traders sub-
mit price-contingent demands, the order flow in our context can be

8 Unfortunately, we find that the modeling of strategic behavior is intractable in our dynamic
framework.

9 As in much of the related literature [e.g., Froot, Scharfstein, and Stein (1992), Hirshleifer, Sub-
rahmanyam, and Titman (1994), and Paul (1993)], we assume that specializing in one type of
information precludes obtaining information of the other type. This assumption is in the spirit of
Hayek’s (1945) argument that “the data from which the economic calculus starts are never for the
whole society given to a single mind which could work out all implications, and can never be so
given.”
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Figure 1
Timeline

interpreted as the “limit order book.” Because market makers are risk
neutral and competitive, the price at each date equals the expectation
of the final value of the security, conditional on the information set
of the market makers.

To clarify our structure further, Figure 1 provides a time line il-
lustrating the various types of investors and the times at which the
random variables are publicly revealed.

1.1 Equilibrium in the trading stage
Our equilibrium in the trading stage can be defined as follows:10

1. For each price-taking informed trader, the trades specified by his
demand function at a given date maximizes his expected utility
conditional upon his information at that date.

2. Prices at each date are determined by the condition that, due
to competition, market makers earn zero expected profits condi-
tional on their information set. Thus, at each date, prices equal
the expected value of the security F , conditional on the public
information to date, that is,

P1 = E (F |ω1), (2)

P2 = E (F |ω1, ω2, δ, η). (3)

1.2 Equilibria under endogenous information acquisition
We now characterize equilibria in which the choice between short-
term and long-term information is endogenous. Let EUs(N ) and EUl (N )
denote the ex ante utilities of each short-term informed agent and

10 See Boot and Thakor (1993), Hirshleifer, Subrahmanyam, and Titman (1994), and Vives (1995)
for identical definitions of equilibrium.
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long-term informed agent as a function of N , respectively (we show
how to calculate these expected utilities in Section 3). Then, if for
some N ∗ ∈ (0, 1), the condition EUs(N ∗) = EUl (N ∗) is satisfied, there
exists an equilibrium in which N ∗ is the equilibrium proportion of
agents who collect short-term information and 1 − N ∗ is the equi-
librium proportion of agents who collect long-term information. We
term this equilibrium an interior equilibrium.

It is evident that there can exist “corner” equilibria as well. For
example, if EUs(1) > EUl (1), then it is an equilibrium for 100 percent
of the agents to collect the short-term signal δ. To see that this is
an equilibrium under the stated condition, notice that if the entire
mass of agents analyzes the short-term signal, it does not pay for any
zero-mass agent to deviate and collect information about the long-
term, as the utility from doing so [EUl (1)] is less than the utility from
collecting information about the short-term signal [EUs(1)]. Note that
if EUs(N ) > EUl (N ) for all N ∈ [0, 1], then in fact the only equilibrium
(fixing the equilibrium in the trading stage) is one in which the entire
mass of agents collect short-term information.

2. Equilibrium Trades and Prices

In this section, we fix M (and therefore N ) and characterize linear
equilibria in the trading stage. (We discuss the endogenous M case in
Section 3.)

2.1 The optimal demands of the informed
Let P1 and P2 denote the date 1 and date 2 equilibrium prices for
the security. Also, let xl1 and xl2 denote the demands (holdings) of
the long-term informed agents and xs1 and xs2 denote the holdings of
the short-term informed agents at dates 1 and 2, respectively. Further,
let φl1 and φl2 denote the information set of the long-term informed
traders at dates 1 and 2 and φs1 and φs2 denote the information set
of the short-term informed traders at the two dates. We begin by
conjecturing that all informed trader demands and both date 1 and
date 2 prices are normally distributed. In the linear equilibrium we
derive, this conjecture is confirmed to be correct.

At date 2, long-term informed agents maximize

E [− exp(−RW L
2 )|φl2],

where W L
2 = xl2(θ + δ + ε + η) − xl1P1 − (xl2 − xl1)P2 + B0, and

short-term informed agents maximize

E [−exp(−RW S
2 )|φs2],
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where W S
2 = xs2(θ + δ + ε + η) − xs1P1 − (xs2 − xs1)P2 + B0. Since

the conditional date 2 wealth is normally distributed, one can use the
mean-variance framework to show that the optimal risky holdings of
the long-term agents at the end of date 2 are given by

xl2 = θ + δ + η − P2

Rσ 2
ε

, (4)

and that the date 2 holdings of the short-term traders are given by

xs2 = E (θ |φs2)+ δ + η − P2

R
[
σ 2
ε + var(θ |φs2)

] . (5)

But note that φs2 is identical to the information set of the market mak-
ers, so that the numerator in Equation (5) is the difference between
the date 2 price and the date 2 conditional expected value of the
security, and is therefore zero [from Equation (3)]. We thus have

xs2 = 0 (6)

in equilibrium, so that the terminal wealth of the short-term trader is
xs1(P2−P1)+B0. Thus, the conditional date 1 wealth of the short-term
agents is normally distributed, so that xs1 can again be calculated using
the mean-variance approach, and is given by the simple expression

xs1 = E (P2|φs1)− P1

R var(P2|φs1)
. (7)

Equations (6) and (7) demonstrate that the short-term informed
traders take a position to exploit the expected price change across
dates 1 and 2, and (endogenously) reverse their positions at date 2.
The latter happens simply because the equilibrium date 2 price is set
by risk-neutral agents who have the same information as the short-
term informed agents, and therefore does not offer a conditional risk
premium to the risk averse short-term agents. The size of the position
the short-term agents take is determined by the variances σ 2

ε , σ 2
θ , and

σ 2
η . Note that the variance σ 2

ε does not contribute directly to their
trading aggressiveness, as they do not bear this risk.

A more complex problem is the calculation of xl1, the date 1 de-
mands of the long-term traders. At date 1, the long-term traders max-
imize the derived expected utility of their date 2 wealth

E [[−exp{−R [B0 − xl1P1 + xl1P2 + (θ + δ + η − P2)
2/(2Rσ 2

ε )]}]|φl1].

The appendix shows that the optimal date 1 demand of each long-
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term informed trader can be written as

xl1 = E (P2|φl1)− P1

RS1
+ ρE (xl2|φl1) (8)

where ρ and S1 are nonstochastic quantities defined in the appendix.
Note that the demand represented by Equation (8) consists of two
components, one to exploit the expected price appreciation across
dates 1 and 2, and another to hedge in advance the anticipated de-
mand at date 2. The constant ρ represents the degree to which the
long-term traders hedge their expected date 2 demands in advance. If
the date 2 risk is small (i.e., if the variance of P2 conditional on φl1 is
small), ρ is large. In fact, it can easily be shown that the hedge coef-
ficient ρ lies between 0 and 1, and equals 1 if the only source of the
date 2 risk is the date 2 liquidity trading, that is, if σ 2

δ = σ 2
η = 0. It can

also be shown that in this case, there exists a fairly simple closed-form
solution to the partially revealing linear equilibria of the model (see
Proposition 1 below). However, in the general case, the presence of
these hedging demands complicates the calculation of the equilibrium
considerably.

2.2 Equilibrium
We will consider linear equilibria implied by the model. Thus, let us
postulate that P1 and P2 are linearly related to the observables at each
date such that

P1 = aθ + bδ + cz1, (9)

P2 = δ + η + eθ + f z1 + gz2. (10)

Note that the variables δ and η have coefficients of unity in the con-
jectured form for P2. This is an intuitive conjecture as both δ and η
are publicly revealed at date 2. In the ensuing analysis we verify that
this conjecture is consistent with the equilibrium we derive.

We first use standard multivariate normal distribution theory [see,
for example, Anderson (1984, chap. 2)] to calculate the various condi-
tional expectations in the informed investors’ demands of Equations
(4) through (8) in terms of the constants a, b, c, e, f, and g. Note that
φs1 = [δ,P1] and φl1 = [θ,P1]. Since conditional expectations involv-
ing normal random variables are linear in the conditioning variable,
we can write11

E (P2|φs1) = E (P2|δ,P1) = δ + k1θ + k2z1, (11)

11 Note that in Equation (11), δ has a coefficient of unity because the short-term informed trader’s
date 1 information set φs1 contains δ.
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E (P2|φl1) = E (P2|θ,P1) = m1δ +m2θ +m3z1, (12)

E (δ|φl1) = E (δ|θ,P1) = l1δ + l2z1. (13)

where the values of the (subscripted) constants k, m, and l in terms
of the price coefficients can be calculated from standard results on
the conditional moments of multivariate normal distributions, and are
provided in the Appendix. Further,

Var(P2|φs1) = Var(P2|δ,P1) = σ 2
η + f 2σ 2

z1 + g2σ 2
z2 (14)

−cσ 2
z1(2aef σ 2

θ + c( f 2σ 2
z1 − e2σ 2

θ ))

a2σ 2
θ + c2σ 2

z1
.

Now, the market makers observe ω1 = N xs1 +Mxl1 + z1 at date 1
which, from Equations (7) and (8), is observationally equivalent to

τ1 ≡ N
E (P2|δ,P1)

R var(P2|δ,P1)
+M

×
(

E (P2|θ,P1)

RS1
+ θ + E [(δ − P2)|θ,P1]

Rσ 2
ε

S1 − S2

S1

)
+ z1, (15)

and at date 2 they observe, in addition to τ1, the date 2 holdings,
which, from Equation (4), is observationally equivalent to12

τ2 ≡ M θ

Rσ 2
ε

+ z1 + z2. (16)

We can then write

P1 = E (θ + δ + η + ε|τ1), (17)

P2 = E (θ + δ + η + ε|τ1, τ2, δ, η). (18)

Since τ1 and τ2 involve linear combinations of either normal ran-
dom variables, or conditional expectations of normal random vari-
ables, they are normally distributed. Thus, P1 and P2 are normally
distributed.

Solving for the equilibrium involves determining values for the
price coefficients a, b, c, e, f, and g that satisfy the zero profit condi-
tion for the market makers and optimality of demands for the informed
traders. The specifics involve first substituting for the conditional ex-
pectations and variance in the expressions for τ1 and τ2 in Equations

12 Note that jointly observing the total date 1 and date 2 holdings is observationally equivalent to
jointly observing the total date 1 and date 2 order flows since the date 2 order flow is merely the
difference between the date 2 and the date 1 holdings.
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(15) and (16) from Equations (11) through (15). We can then calculate
the conditional expectations in Equations (17) and (18) to obtain im-
plicit expressions for the constants a, b, c, e, f, and g. We thus obtain
a system of six nonlinear equations in six unknowns which can be
solved using standard numerical techniques. This procedure verifies
the functional forms of Equations (9) and (10) and confirms the con-
sistency of the postulated linearity in Equations (9) and (10), and the
normality of prices in the linear equilibria. Since the demands in Equa-
tions (4) through (8) involve either prices or expectations of prices
conditional on normal random variables, the demands are normally
distributed as well, confirming the postulated normality of both prices
and demands.

While we were able to obtain numerical solutions to the equation
system described above in many (though not all) cases, we have not
been able to prove existence of linear equilibria in general. Problems
in formally proving existence of linear equilibria in dynamic rational
expectations models were also encountered by Brown and Jennings
(1989). However, just as in Brown and Jennings, closed-form solutions
for linear equilibria do exist in special cases. We use one such special
case as the benchmark for identifying linear equilibria of our model
numerically. The existence of the closed-form solution in this special
case is stated as a proposition (the proof is straightforward but tedious
and is available from the authors on request).

Proposition 1. Suppose that σ 2
δ = σ 2

η = 0, η ≡ 0, σ 2
z1 = σ 2

z2 = σ 2
z ,

and M = 1. Then two linear noisy rational expectations equilibria
with P1 6= P2 can exist. The closed-form solution to these equilibria is
given by

a = σ 2
θ

σ 2
θ + k2σ 2

z

(19)

b = 1 (20)

c = ka (21)

e = σ 2
θ [(k − Rσ 2

ε )
2 + R2σ 4

ε ]

D
(22)

f = kR2σ 4
ε σ

2
θ

D
(23)

g = kRσ 2
ε σ

2
θ (k − Rσ 2

ε )

D
, (24)

where

D ≡ σ 2
θ (k − Rσ 2

ε )
2 + R2σ 4

ε (σ
2
θ + k2σ 2

z ). (25)
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The variable k solves the quadratic equation, the variable k solves the
quadratic equation

k2
[
σ 2
θ + R2σ 2

ε σ
2
z (σ

2
ε + σ 2

θ )
]− kRσ 2

ε σ
2
θ (2+ R2σ 2

ε σ
2
z )+ 2R2σ 4

ε σ
2
θ = 0.
(26)

These linear equilibria exist if and only if the discriminant of the
quadratic equation (26) is positive, that is, if

4R2σ 2
ε σ

2
z (2σ

2
ε + σ 2

θ )+ 4σ 2
θ

R4σ 4
ε σ

4
z σ

2
θ

< 1. (27)

Since it can easily be verified that the second-order condition is sat-
isfied whenever a real root of Equation (27) exists, both roots of this
equation make economic sense. To obtain more intuition, we now de-
scribe the period 1 and period 2 demands of the long-term informed
investors under the special case described in Proposition 1:

xl2 = θ + δ − P2

Rσ 2
ε

(28)

xl1 = θ + δ − P1

Rσ 2
ε

+ E [P2|φl1]− P1

R var(P2|φl1)
. (29)

Thus, while the date 2 demand of the long-term informed traders has
the form obtained from a standard one-period exponential-normal
model, their date 1 demand contains two components, one to exploit
the expected price appreciation across dates 1 and 2, and one to
exploit the expected price appreciation across dates 1 and 3. In fact,
it can easily be shown that

Cov (xl2 − xl1,P2 − P1) < 0

in equilibrium, so that the traders, “on average” partially reverse their
positions at date 2. The intuition is simply that agents conjecture that
a nonnull price move will occur across dates 1 and 2, and when
it does, so that the price moves more in the direction of θ , agents
partially reverse positions to reduce their exposure to the ε shock
which buffets their final position. This equilibrium exists if and only
if the parameter values are such that the conjecture of a price move
across dates 1 and 2 can be self-fulfilling. Similar scenarios involving
multiple equilibria (characterized by the roots of a quadratic equation)
and the possibility of a nonexistence of equilibrium occur in Grundy
and McNichols (1989, pp. 501–504).

At this point it is perhaps worth comparing our model to that of
Vives (1995). He proves existence and uniqueness of equilibrium in
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a dynamic model with a competitive, risk-neutral market-making sec-
tor in which a continuum of competitive, risk averse agents receive
diverse signals every period. The signal errors are, however, uncorre-
lated across agents in every period, so that there is no aggregate un-
certainty about the final value of the asset in any period. This enables
him to obtain a simple sufficient statistic for the aggregate informa-
tion in the market. Vives thus finds (see his Proposition 4.1) that the
optimal demand of an agent in any given period has the simple form

Xt = at (sit − Pt ) (30)

where at is nonstochastic, sit is the signal of the informed in period t ,
and Pt is the price at date t , which allows him to derive the equilibrium
in a straightforward manner.

Vives further shows that when agents receive information signals
only at the first trading round, prices do not move and there is no
trade in any of the subsequent trading rounds (see his Remark 4.3).
This case is directly comparable to our special case in Proposition 1,
in which there is no short-term private information, so that the only
private signal long-term agents receive is the realization of θ prior to
trade at date 1. Comparing Equations (29) and (30), it can be seen that
our date 1 demands do not have the same form as those in Vives, in the
sense that the second term in Equation (29) represents an additional
component of trade to exploit the expected price appreciation across
dates 1 and 2. The two demand equations are equivalent only if the
expected price appreciation across dates 1 and 2 is a constant times
(θ+δ−P1), which is not true in general. Thus, Vives’ analysis does not
carry over to our case. Indeed, in our case there are some parameter
values that generate multiple equilibria.

The key lies in the differing nature of uncertainty faced by informed
agents in the two models. Specifically, in Vives, the imprecision re-
garding the final asset value is uncorrelated across agents, whose po-
sitions therefore are not subject to any public information shocks. In
our model, agents observe the same signal and are subject to a com-
mon public informational shock ε at date 3.13 This gives the agents
in our model an incentive to reduce the risk exposure arising from
a position taken at date 1, by making a partially reversing trade at
date 2. Thus our model can support trade in both rounds even when

13 In technical terms, we are stating that if we were to modify the Vives model so that the final
liquidation value was v + ε (instead of v), where ε was an independent public informational
shock, and agents were to observe v + δi , where δi was i.i.d. across agents, we would be unable
to obtain existence and uniqueness results using his methodology; primarily because the sufficient
statistic for final value is more complex in this case. A formal proof of this assertion is available
from the authors upon request.
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agents receive a private signal only at date 1, whereas Vives’ cannot.
With regard to related literature, Grundy and McNichols (1989, p. 504)
also argue that common error terms in signals cause the demands of
informed agents to become complicated in a dynamic setting. Further,
Brown and Jennings allow for a general variance-covariance matrix of
error terms and also find that the intertemporal demands of informed
agents become complicated. Note that it is also not possible to adapt
Vives’ “truth plus iid noise” structure to our case, as we are interested
in how short- and long-term information gets incorporated into stock
prices by different informed agents, a situation that must necessarily
allow for some determinant of liquidation value that is unknown by
any given informed agent.

While the linear, noisy rational expectations equilibria can be char-
acterized in terms of the roots of a quadratic equation in the special
case described in Proposition 2.2, no such simple characterization is
possible in the general case.14 For all the parameter spaces for which
we report results below, however, we numerically identified at least
one linear equilibrium, which converged to that solution obtained
by placing a positive sign on the discriminant of Equation (26), as
we fixed σ 2

z1 = σ 2
z2 = σ 2

z and let the variances of σ 2
δ and σ 2

η go to
zero. The simulations below use this linear equilibrium to illustrate
our comparative statics.

The base parameter values we use throughout this article are the
following: σ 2

ε = 10, σ 2
θ = σ 2

δ = σ 2
η = σ 2

z1 = σ 2
z2 = 1, and R = 1. The

large value of σ 2
ε relative to σ 2

η reflects the fact that long-term values
are forecasted with far more uncertainty than value in the near term.
Though we choose the above parameter values to illustrate our results,
the qualitative features of all the results reported below continued to
obtain when all the parameters (except the one on the x-axis of the
relevant figure) were simultaneously varied between 1 and 10, with a
grid size of unity.

2.3 Long-term informed trading around public
announcements

Section 2.1 shows that the short-term informed behave as one-period
agents by taking a position at date 1 and reversing it completely at date
2. We now describe some salient features of the equilibrium trading
patterns of long-term informed agents within our model. Our goal
is to establish a link between trading behavior in our model and the
empirical literature on trading volume around public announcements.

14 The analysis of Bhattacharya and Spiegel (1991) also suggests the possibility of the existence of
nonlinear equilibria.
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In this subsection, we interpret the date 2 shock η as an earnings
announcement on date 2, so that σ 2

η measures the risk from the price
reaction to the announcement. The simulations below characterize the
trading behavior of the long-term informed agents as a function of σ 2

η .
We begin by defining a measure of the volume of trade in each period.
Note that according to our convention, xl2 denotes the holdings, rather
than the trades, of the long-term informed agents. The volume of
trade by the long-term informed agents can therefore be measured as
M std(xl1) in period 1 and M std(xl2 − xl1) in period 2, where std(·)
denotes the standard deviation operator. Analogous expressions apply
for the short-term informed agents. The total volume at each date can
be measured as

T V 1 ≡ M std(xl1)+ N std(xs1)+ std(ω1)+ std(z1)

T V 2 ≡ M std(xl2 − xl1)+ N std(xs2 − xs1)+ std(ω2)+ std(z2)

where ω1 = Mxl1+N xs1+ z1 and ω2 = M (xl2− xl1)+N (xs2− xs1)+
z2. The measure of total volume thus has four components: volume
from the (i) long-term informed, (ii) short-term informed, (iii) market
makers, and (iv) liquidity traders, and thus takes into account the
trades crossed between traders as well as trading done with the market
maker. [See Admati and Pfleiderer (1988b) for a similar definition of
trading volume.]

Figure 2 plots the ratio of date 2 and date 1 long-term informed
volume, fixing M = 1, N = 0, and varying σ 2

η from 0.1 to 10. The
figure demonstrates that the ratio of the period 2 to period 1 trading
volume by the long-term informed is increasing in σ 2

η . The ratio of
total date 2 volume to total date 1 volume is also plotted in Figure 2;
as can be seen, this ratio is also increasing in σ 2

η .
Figure 2 thus indicates that as the announcement risk across dates

1 and 2 increases, trading volume becomes more and more concen-
trated in round 2 as opposed to round 1. The reason is that long-term
informed agents trade more heavily on their information after a large
part of the uncertainty surrounding the security’s value is resolved,
which causes trading volume to be heavier in round 2 as opposed to
round 1. Thus, our model predicts that volume will be relatively high
following an earnings announcement, which is consistent with the ev-
idence of Morse (1981) and, more recently, Lee, Mucklow, and Ready
(1993) (see their Figure 3). It is evident that our intuition applies more
generally to any public information shock whose timing can partially
be predicted in advance, not just earnings announcements.15

15 A significant literature also reports that market depth decreases following earnings announcements
[see Lee, Mucklow, and Ready (1993), Skinner (1991), and Venkatesh and Chiang (1986)]. Market
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Figure 2
Long-term volume ratio and total volume ratio by variance of the date 2 information
shock (σ2

η)
The ratio of date 2 long-term volume to date 1 long-term volume becomes very large as σ 2

η

increases. The ratio of total date 2 volume to total date 1 volume is also increasing in σ 2
η . Long-

term informed traders avoid the price risk generated by the uncertainty of the date 2 information
shock η by concentrating their trading in round 2 (when η is known) as opposed to round 1. It
is assumed that investor risk aversion R = 1, the mass of long-term agents M = 1, the mass of
short-term agents N = 0, the variance of the date 3 information shock σ 2

ε = 10, the variance of
the short-term signal σ 2

δ
= 1, the variance of the long-term signal σ 2

θ
= 1, the variance of date 1

uninformed trading σ 2
z1 = 1, and the variance of date 2 uninformed trading σ 2

z2 = 1.

It is worth noting that the results in Figure 2 are in contrast to the
risk-neutral, strategic Kyle (1985)-type models such as Holden and
Subrahmanyam (HS) (1992) and Foster and Viswanathan (FV) (1993),
in which most of the trading and information revelation takes place
in the early trading rounds. The intuition is simply that in our model,
informed agents are competitive and their positions are constrained
by their degree of risk aversion. In contrast, in the HS-FV models,
the informed traders’ positions are determined solely by competition
between strategic agents.

We have ascertained that the result on total volume in Figure 2
depends somewhat on the mass of short-term informed agents. As σ 2

η

increases, the announcement risk for the short-term agents increases,
so that they trade less at both dates 1 and 2. If the mass of short-term
agents is large, the decrease in short-term volume at both dates can
be sufficiently large to cause the ratio of the date 2 total volume to
the date 1 total volume to decrease in σ 2

η .

depth in our model can be measured as the inverse of the coefficients of τ1 and τ2 in P1 and P2.
We have verified that the period 2 depth does indeed increase in σ 2

η under the parameter values
of Figure 2; the intuition being that the long-term informed trade more and aggressively at date
2 as the date 2 announcement risk increases. Our model is therefore consistent with this stylized
fact as well.

707



The Review of Financial Studies / v 9 n 2 1996

3. The Ex Ante Benefit From Trading on the Information

In this section, we endogenize M and N and thus explore comparative
statics associated with the equilibrium proportions of investors who
collect short-term and long-term information.

3.1 Calculation of the ex ante utility
The simplest way to calculate the ex ante benefit from trading on
either the short- or long-term signal is to operate on matrices. Define a
vector of random variables x ≡ [θ ε δ η z1 z2

]
. Thus x is multivariate

normally distributed with a mean vector of zeroes, and covariance
matrix 6 ≡ Diag(σ 2

θ , σ
2
ε , σ

2
δ , σ

2
η , σ

2
z1, σ

2
z2).

The long-term trader’s demands can then be written as xl2 = xβ ′l2
and xl1 = xβ ′l1, where

βl2 ≡
[

1−e
Rσ 2

ε

0 0 0 − f
Rσ 2

ε

−g
Rσ 2

ε

]
and

βl1 ≡
[
−aσ 2

ε +m2(S1 − (S2 + σ 2
ε ))+ S2 − S1

RS1σ 2
ε

0

− bσ 2
ε − (l1(S1 − S2)+m1(S2 + σ 2

ε − S1))

RS1σ 2
ε

0

− cσ 2
ε − (l2(S1 − S2)+m3(S2 + σ 2

ε − S1))

RS1σ 2
ε

0

]
.

Similarly, the short-term trader’s demand can be written as xs1 = xβ ′s1
where

βs1 ≡
[

k1−a
RVar(P2|δ,P1)

0 1−b
RVar(P2|δ,P1)

0 k2−c
RVar(P2|δ,P1)

0
]
.

The prices P1 and P2 and the final value F can be written in vector
form as Pi = λix ′, i = 1, 2, and F = λ3x ′ where λ1 ≡

[
a 0 b 0 c 0

]
,

λ2 ≡
[
e 0 1 1 f g

]
, and λ3 ≡ [1 1 1 1 0 0].

The the ex ante benefit from trading on the long-term signal is
given by

E [−exp(−RW L
2 )],

where W L
2 = xl2(F − P2) − xl1(P2 − P1) + B0 = xβ ′l2(λ3 − λ2)x ′ +

xβ ′l1(λ2 − λ1)x ′. Similarly, the ex ante benefit from trading on the
short-term signal is

E [−exp(−RW S
2 )],

where W S
2 = xs1(P2 − P1)+ B0 = xβ ′s1(λ2 − λ1)x ′ + B0.
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Figure 3
Difference in ex ante utility (short-term versus long-term) by the mass of long-term
agents (M)
When risk aversion is high enough, the ex ante utility of the short-term informed is greater than ex
ante utility of the long-term informed (i.e., the difference is positive) for any value of M ∈ [0, 1].
Thus, in equilibrium 100 percent of the agents choose the short-term signal. It is assumed that
investor risk aversion R = 1, the variance of the date 3 information shock σ 2

ε = 10, the variance of
the date 2 information shock σ 2

η = 1, the variance of the short-term signal σ 2
δ
= 1, the variance of

the long-term signal σ 2
θ
= 1, the variance of date 1 uninformed trading σ 2

z1 = 1, and the variance
of date 2 uninformed trading σ 2

z2 = 1.

Since the wealth levels W L
2 and W S

2 are quadratic forms of multivari-
ate normal random variables, the ex ante utilities of each short-term
and long-term informed agent, in terms of the β and λ vectors, can be
evaluated by using standard results on the moment-generating func-
tions of such quadratic forms; details are provided in the Appendix.
The expressions for the ex ante utilities are complicated and do not
permit the derivation of formal comparative statics. However, the ex-
pressions can be numerically calculated by first solving for the price
coefficients a, b, c, e, f, and g and then using them to calculate the β
and λ vectors.

3.2 The role of risk aversion
In Figure 3 we explore how the difference between the utilities from
collecting short-term and long-term information changes as the pro-
portion of long-term (short-term) informed agents increases (decreases).
As can be seen, in the entire range M ∈ [0, 1], the utility from collecting
short-term information is higher than that from collecting long-term
information, which implies that the only equilibrium, fixing the (nu-
merically) identified linear equilibrium in the trading stage, is one in
which 100 percent of the agents collect the short-term information. We
have found that this result obtains under a wide range of parameter
values, so long as R is sufficiently large.
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Figure 4
Equilibrium proportion of short-term agents (N∗) by risk aversion
When risk aversion is not too high (R < 0.4), then an interior equilibrium is obtained with some
proportion of the agents acquiring the short-term signal (N ∗ < 1) and the remaining proportion
acquiring the long-term signal. When risk aversion is high enough (R ≥ 0.4), then a corner
solution is obtained with all agents choosing the short-term signal (N ∗ = 1). It is assumed that the
variance of the date 3 information shock σ 2

ε = 10, the variance of the date 2 information shock
σ 2
η = 1, the variance of the short-term signal σ 2

δ
= 1, the variance of the long-term signal σ 2

θ
= 1,

the variance of date 1 uninformed trading σ 2
z1 = 1, and the variance of date 2 uninformed trading

σ 2
z2 = 1.

Figure 4 identifies interior equilibria for values of R smaller than
that considered in Figure 3. The figure plots the equilibrium propor-
tion of agents who collect short-term information N ∗ versus the risk
aversion coefficient R . The simulations in Figure 4 use the same base
parameter values as Figure 3, except that R varies from 0.01 to 1.0. As
can be seen, N ∗ increases in R until it reaches the maximum possible
value of 1, suggesting that large values of the risk aversion coefficient
encourage the acquisition of short-term information.

3.3 The role of uninformed liquidity trading
This subsection measures the effect of increasing the variances of both
the period 1 and period 2 liquidity trading on the equilibrium propor-
tion of agents collecting short-term information and, consequently,
on the long-term and short-term informational efficiency of market
prices. We set σ 2

z1 = σ 2
z2 = σ 2

z . The simulations use the same pa-
rameter values as Figure 4, except that σ 2

z varies and R is fixed at
unity.

Figure 5 plots the difference between short-term and long-term
utility for different values of σ 2

z . It can be seen that the gains from col-
lecting short-term information relative to those from collecting long-
term information increase monotonically in σ 2

z . This result suggests
that large values of the variance of liquidity trading increase the ten-
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Figure 5
Difference in ex ante utility by the variance of uninformed trades (σ2

z = σ2
z1 = σ2

z2)
An increase in the variance of uninformed trades causes the ex ante utility of the short-term
informed to increase by more than the ex ante utility of the long-term informed. Since short-
term agents benefit by more, this increases the tendency to acquire short-term information. It is
assumed that investor risk aversion R = 1, the mass of long-term agents M = 0.5, the mass of
short-term agents N = 0.5, the variance of the date 3 information shock σ 2

ε = 10, the variance
of the date 2 information shock σ 2

η = 1, the variance of the short-term signal σ 2
δ
= 1, and the

variance of the long-term signal σ 2
θ
= 1.

dency to acquire short-term information. The intuition is as follows.
The short-term informed agents trade more heavily on their informa-
tion than the long-term agents because the holding-period risk of the
short-term informed (measured by σ 2

η ) is smaller than that of the long-
term agents (measured by σ 2

η and σ 2
ε ). Thus, an increase in σ 2

z , which
tends to raise the ex ante utility of both types of informed agents, ben-
efits the short-term informed agents more than it does the long-term
agents.

We now explore the effect of varying σ 2
z on the efficiency of prices

about the short-term and long-term private information. As is standard
in the literature, we measure informativeness (or efficiency) by the
conditional precision of the security value innovation. Thus, we mea-
sure period 1 and period 2 long-term efficiency by El1 ≡ [Var(θ |P1)]−1

and El2 ≡ [Var(θ |P1,P2, δ, η)]−1. Explicit expressions for these mea-
sures are given by

El1 = a2σ 2
θ + b2σ 2

δ + c2σ 2
z1

σ 2
θ (b

2σ 2
δ + c2σ 2

z1)
, (31)

El2 = σ 2
θ σ

2
z1(af − ce)2 + a2g2σ 2

θ σ
2
z2 + c2g2σ 2

z1σ
2
z2

c2g2σ 2
z1σ

2
z2

. (32)

A corresponding expression for short-term efficiency (conditional on
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Figure 6
Date 1 liquidity and date 2 liquidity by the variance of uninformed trades (σ2

z = σ2
z1 = σ2

z2)
An increase in the variance of uninformed trades causes a monotonic increase in both date 1
liquidity and date 2 liquidity. Liquidity on each date is measured by the inverse of the slope of
each date’s price function relative to each date’s total order flow. It is assumed that investor risk
aversion R = 0.1, the variance of the date 3 information shock σ 2

ε = 10, the variance of the date
2 information shock σ 2

η = 1, the variance of the short-term signal σ 2
δ
= 1, and the variance of the

long-term signal σ 2
θ
= 1. The proportion of short-term and long-term agents is endogenous.

public information at date 1) can be obtained from Equation (9) and
is given by

Es =
[
var(δ|P1)

]−1 = a2σ 2
θ + b2σ 2

δ + c2σ 2
z1

σ 2
δ (a

2σ 2
θ + c2σ 2

z1)
. (33)

Figure 6 plots date 2 long-term and short-term informational effi-
ciency [from Equations (32) and (33)] versus σ 2

z , using the equilib-
rium proportion of investors N ∗ that collect short-term information at
each level of σ 2

z . As can be seen, an increase in the variance of liq-
uidity trading increases the equilibrium proportion of agents collect-
ing short-term information and thereby leads to an increase in short-
term efficiency, while causing a corresponding decrease in long-term
efficiency.16

Figure 7 plots the equilibrium values of the period 1 and period
2 depth parameters (the inverse of the coefficients of τ1 and τ2 in
P1 and P2) for the same range of σ 2

z as in Figure 6. Consistent with
intuition, liquidity or depth increases monotonically as σ 2

z increases.
Thus, Figures 6 and 7 demonstrate that as σ 2

z increases, the market

16 Though not presented for brevity, the effects of increasing the risk aversion coefficient on short-
term and long-term price efficiency are qualitatively identical to that of increasing the variance of
liquidity trading.
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Figure 7
Short-term and long-term informational efficiency by the variance of uninformed trades
(σ2

z = σ2
z1 = σ2

z2)
An increase in the variance of uninformed trades causes a monotonic increase in short-term
informational efficiency and a monotonic decrease in long-term informational efficiency. This
example, together with Figure 6, demonstrates how it is possible for greater liquidity to result in a
market that impounds more short-term information and less long-term information. It is assumed
that investor risk aversion R = 0.1, the variance of the date 3 information shock σ 2

ε = 10, the
variance of the date 2 information shock σ 2

η = 1, the variance of the short-term signal σ 2
δ
= 1, and

the variance of the long-term signal σ 2
θ
= 1. The proportion of short-term and long-term agents

is endogenous.

becomes more and more liquid, the informativeness of prices about
the long-term declines, while short-term efficiency increases.17

The comparative statics in Figures 6 and 7 lend credence to the ar-
gument by some quarters that high market liquidity (in our case, via a
high variance of noise trading) can be accompanied by an intensified
focus on the short-term and decreased information production about
the long-term. It is worth noting here that we formalize this notion by
varying the exogenous parameter σ 2

z , not by varying liquidity itself,
which is endogenous to our model. In models of informed trading,
there is no necessary positive relationship between market liquidity
and the variance of liquidity trading under endogenous information
acquisition. This is because increased liquidity trading tends to pro-
mote information collection; the net effect on equilibrium liquidity can
be positive or negative. In Figures 6 and 7, however, the beneficial
effect of an increased variance of liquidity trading on market liquidity
dominates.

17 If one were to vary σ 2
z1 alone, as opposed to both σ 2

z1 and σ 2
z2 simultaneously, the results would

be even stronger. This is because simultaneously increasing σ 2
z1 and σ 2

z2 increases the variability of
the period 2 price; this effect tends to reduce the utility of both the short-term and the long-term
informed traders. Of course the potential benefit is that the equilibrium can permit more liquidity
in both periods. In the simulation in Figures 6 and 7, the former effect dominates the latter.
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3.4 Discussion
Note that we do not perform a welfare analysis. Doing so would re-
quire an explicit modeling of the preferences of the liquidity traders,
and/or introducing investment by the corporate sector into the model.
These extensions are outside the scope of our article. Our perspective
on the welfare issue is as follows. The current stock price is an im-
portant indicator to corporate managers in their investment decisions:
more efficient prices lead to better allocation of resources.18 In mak-
ing investment decisions, a corporate manager will care more about
how efficient prices are about the long-term (e.g., about cash flows
over the next 2 years), than about (say) next month’s earnings an-
nouncement. There is thus a correspondence, at least in this intuitive
sense, between the incentives of investors to be short-term oriented
and the efficiency with which corporate resources are invested.

Our model makes a number of special assumptions: for example,
we assume that market makers are risk neutral and that all poten-
tially informed investors have identical preferences. A model with risk
averse market makers becomes too complicated to solve even numer-
ically. If market makers are risk averse, the short-term informed agents
would not completely reverse their positions at date 2, as the date 2
price would offer them a conditional risk premium. This would reduce
the aggressiveness of short-term informed agents and thus reduce the
parameter space under which our result on the effect of an increase
in the variance of liquidity trading obtains (but would not eliminate
the result). If informed investors have diverse preferences, one can
envision an equilibrium in which the least risk averse investors pursue
long-run analysis, while the most risk averse specialize in short-run
information.19 Our goal, however, is to explore the comparative statics
of the equilibrium proportion of short-term investors when all indi-
viduals are ex ante identical. Our general intuition, namely, that the
risk of holding long-term positions can cause potentially informed
agents to be short-run oriented, and that an increase in the variance
of liquidity trading confers a greater marginal benefit to the short-term
agents than to the long-term agents (and thus encourages short-term
information acquisition), appears to be robust to the relaxation of the
model’s assumptions.

18 For explicit models of the link between price efficiency and the efficiency of investment decisions,
see Bradley, Khanna, and Slezak (1994) and Fishman and Hagerty (1989).

19 Jacklin and Bhattacharya (1988) develop a model in which agents have differing preferences
for early versus late consumption, and show that it is optimal to finance short-term assets using
deposit contracts and long-lived, illiquid assets using equity. We endogenize investor horizons,
but do not focus on contract design in our article.
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4. Shortening Horizons by Publicly Disclosing Long-Term
Information

A central result from the previous analysis is that the disutility of hold-
ing long-term risky positions can give rise to an equilibrium in which
all investors endogenously shorten their horizons by specializing in
short-term information collection. The result, however, is obtained
in a setting where informed agents cannot publicly reveal their pri-
vate information before its exogenous incorporation into value. This
assumption is consistent with much of the dynamic rational expec-
tations literature and is reasonable because an informed agent may
find it difficult to convey credibly to the market that he indeed has
relevant information. However, Allen (1990) discusses ways to ensure
credible disclosure of private information by agents by appropriate
choices of signal-contingent portfolios and payment functions. With
the possibility of such disclosure, another means by which agents can
shorten their horizons is by voluntarily revealing their (long-term) pri-
vate information after an initial round of trade.20 Motivated by this in-
tuition, we now explore the implications of allowing informed agents
to credibly disclose their information. Many empirical studies, for ex-
ample, Barber and Loeffler (1993), Bjerring, Lakonishok, and Vermae-
len (1983), Davies and Canes (1978), and Greene and Smart (1994)
have found that recommendations by reputed analysts through the
popular press lead to significant abnormal returns following the an-
nouncement date, which are only partially reversed up to 3 weeks
following the announcement. Thus, there is reliable evidence that
such announcements do have information content.

We show below that under certain parameter values, disclosure at
date 2 is optimal for the long-term informed agents. The reason is
that holding a position for long periods of time results in the bearing
of risk which is unrelated to the information. If the utility loss from
holding a position for the long-term dominates the benefit from not
disclosing at date 2 and realizing gains in the second round of trade,
disclosure at date 2 yields higher expected utility.

The securities market equilibrium with disclosure of long-term in-
formation at date 2 is easily calculated as follows. If θ is credibly
disclosed by a long-term agent at date 2, then the net order flows ω1

and ω2 cannot convey any incremental information at this date, so

20 Note that there is a clear possibility of market manipulation here in that an analyst could buy a
stock, publicly provide a (false) buy recommendation, and sell out as the price moves in response
to the recommendation. Presumably, however, reputational considerations would preclude an
agent from manipulating the market consistently in this fashion. We abstract from such market
manipulation and reputational issues in our analysis. See, however, Allen and Gale (1992) and
Benabou and Laroque (1992) for models of market manipulation by informed traders.
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that P2 = E (F |θ, δ, η) = θ + δ + η. Given that both the long-term and
the short-term traders face a one-period problem in this case, they
maximize standard mean-variance objectives, and their demands are

xl1 = θ + E (δ|P1, θ)− P1

R [σ 2
η + var(δ|P1, θ)]

, (34)

xs1 = δ + E (θ |P1, δ)− P1

R [σ 2
η + var(θ |P1, δ)]

. (35)

The market makers observe the variable Mxl1 + N xs1 + z1 at date 1,
and this net demand is observationally equivalent to

τ1 = M
θ + E (δ|P1, θ)

R [σ 2
η + var(δ|P1, θ)]

+ N
δ + E (θ |P1, δ)

R [σ 2
η + var(θ |P1, δ)]

+ z1. (36)

By the market efficiency condition, we have

P1 = E (θ + δ|τ1). (37)

The numerical solution to the disclosure case can be obtained by
postulating a linear price function P1 = aθ + bδ+ cz1, calculating the
expectations in Equation (36), calculating the expectation in Equation
(37), and equating coefficients to obtain implicit expressions for the
constants a, b, and c. The ex ante utility of the long-term agents with
disclosure can be calculated using a simple application of the tech-
niques used to calculate the ex ante utility of agents without disclosure
[see Lemma 1 and Equation (48) in the Appendix].

The masses of long-term and short-term agents, M and N , are taken
to be exogenous in this section, as endogenizing them does not lend
any additional insight into the issues addressed here. An overall equi-
librium, allowing informed agents to credibly disclose their informa-
tion, can then be defined in a straightforward fashion. Define EUld

and EUln as the utility of a long-term agent with and without disclo-
sure of θ at date 2, respectively. An equilibrium is one in which the
long-term agent chooses a strategy of either disclosing or not disclos-
ing θ at date 2, based on whichever strategy yields higher ex ante
expected utility.21 Thus, if EUld > EUln, the equilibrium involves dis-
closure at date 2, and vice versa. To see that this claim is correct,
suppose EUld > EUln, and no long-term agent discloses at date 2.
This cannot be an equilibrium, because a long-term informed agent

21 It is evident that neither the short-term agents nor the long-term agents would find it optimal to
reveal their information at date 1, that is, before they have realized any gains from the private
information. We have verified that this trivial point, while difficult to analytically prove, is true in
all the simulations below.
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Figure 8
Difference in ex ante utility (disclosure versus no disclosure) by the variance of the date
3 information shock (σ2

ε ) and by the variance of the long-term signal (σ2
θ
)

For low values of σ 2
θ
, the ex ante is greater for disclosure than no disclosure. But this reverses for

the high values of σ 2
θ
. Similarly, for high values of σ 2

ε , the ex ante utility is greater for disclosure
than no disclosure. But this reverses for low values of σ 2

ε . It is assumed that investor risk aversion
R = 1, the mass of long-term agents M = 0.5, the mass of short-term agents N = 0.5, the variance
of the date 2 information shock σ 2

η = 1, the variance of the short-term signal σ 2
δ
= 1, the variance

of date 1 uninformed trading σ 2
z1 = 1, and the variance of date 2 uninformed trading σ 2

z2 = 1.

has an incentive to deviate and disclose. Suppose, on the other hand,
that one long-term agent does disclose. This is clearly an equilibrium,
because the long-term agent does not have an incentive to change
his strategy, and once the signal θ has been disclosed by one long-
term informed agent and thus been incorporated into value, the other
long-term agents are indifferent to whether they disclose or not. An
analogous argument applies in the case of EUld < EUln.

Figure 8 illustrates how the incentives to disclose θ change with
the model parameters. The figure plots the difference between the
long-term utilities with and without disclosure as a function of the
post–date 2 risk σ 2

ε and of the variance of private information θ . In
the figure, the values of M and N are each set to be 0.5. As can
be seen, for high values of σ 2

ε and low values of σ 2
θ , the long-term

agent’s utility with public disclosure of his information is higher than
that without. As the figure indicates, high values of σ 2

ε and low values
of σ 2

θ encourage disclosure, and vice versa. While not presented here
for brevity, the qualitative effect of increasing risk aversion on the
incentive to disclose is similar to the effect of increasing σ 2

ε . Thus if
the long-term risk is large, or if the agent is very risk averse, or if the
information is not very valuable, the agent is better off revealing the
information at date 2 rather than holding on to a risky position until
date 3, so that the equilibrium involves disclosure at date 2.
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From an empirical standpoint, the above discussion suggests that
(i) very long-term information is more likely to be announced pub-
licly than shorter term information, and (ii) the less well-capitalized
(more risk averse), smaller investors are more likely to disclose their
information publicly than the relatively well-capitalized ones.

5. Summary

A primary goal of this article has been to investigate an unaddressed
issue in the literature on information acquisition in financial markets:
namely, what parameters govern the incentives of agents to acquire
and produce information that will be reflected in security values in
the short-term as opposed to the long-term?

In our model, competitive agents can choose ex ante to special-
ize either in short-term or in long-term information production. The
information acquisition decision and all subsequent trading behavior
of the informed agents are determined within our equilibrium. We
show that risk aversion can cause all potentially informed investors
in the economy to tilt away from the long-term and concentrate ex-
clusively on the short-term. Also, in contrast to the existing literature
on strategic trading models, we show that long-term informed agents
delay trading heavily on their information till a later trading round
due to risk aversion, so that prices reflect relatively more informa-
tion in later trading rounds rather than in the earlier ones. We also
show that if credible disclosure of private information is possible, risk
aversion lends a natural incentive for long-term informed agents to
shorten their horizons by voluntarily revealing their information after
an initial round of trade.

There have been informal assertions that “highly liquid markets
can breed too much short-term trading and overly myopic behav-
ior” [Gammill and Perold (1989, p. 16)]. We formalize this notion by
showing that a high variance of informationless trading (and thus,
high liquidity) can encourage short-term trading and increase the ten-
dency to specialize in collecting short-term information. This, in turn,
makes prices reflect more short-term information and decreases their
informativeness about the long-term.

Appendix

Derivation of Equation (8)
Note that in period 1, the long-term informed traders maximize the
derived expected utility of their time 2 wealth which is given by

E [[−exp{−R [B0−xl1P1+xl1P2+(θ+δ+η−P2)
2/(2Rσ 2

ε )]}]|φl1]. (38)
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Let P̄2 and δ̄ denote the expectations of P2 and δ, and 5 denote the
variance-covariance matrix of P2 and θ + δ + η, conditional on φl1.
Then, the expression within the exponential above (including terms
from the normal density) can be written as

−
[

1

2
x ′Sx + h′x + l

]
,

where

x ′ = [P2 − P 2, δ − δ̄]
h′ = [Rxl1 + [P 2 − (θ + δ̄)]

σ 2
ε

,
(θ + δ̄ − P̄2)

σ 2
ε

]

S =
[
5−1 +

[
σ−2
ε −σ−2

ε−σ−2
ε σ−2

ε

] ]
l = Rxl1(P 2 − P1)+ g

where g is an expression that does not involve xl1. From Lemma 1 in
the text and Bray (1981, Appendix), Equation (38) is given by

− 1

(Det (5))
1
2 |Det (A)| 12 exp

(
1

2
h′S−1h− l

)
. (39)

Thus, the optimal xl1 solves[
dh

dxl1

]′
S−1h− dl

dxl1
= 0.

Substituting, we have

xl1 = P̄2 − P1

RS1
+ θ + δ̄ − P̄2

Rσ 2
ε

S1 − S2

S1
, (40)

where S1 and S2 are the elements in the first row of the matrix S−1.
Defining ρ ≡ (S1 − S2)/S1, we obtain Equation (8). 2

The constants in Equations (11) through (13)
Using standard formulas for projections of normal random variables,
the constants in Equations (11) through (13) are given by the follow-
ing:

k1 = a(aeσ 2
θ + cf σ 2

z1)

a2σ 2
θ + c2σ 2

z1
(41)

k2 = c(aeσ 2
θ + cf σ 2

z1)

a2σ 2
θ + c2σ 2

z1
(42)
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m1 = b(bσ 2
δ + cf σ 2

z1)

b2σ 2
δ + c2σ 2

z1
(43)

m2 = e (44)

m3 = c(bσ 2
δ + cf σ 2

z1)

b2σ 2
δ + c2σ 2

z1
(45)

l1 = b2σ 2
δ

b2σ 2
δ + c2σ 2

z1
(46)

l2 = bcσ 2
δ

b2σ 2
δ + c2σ 2

z1
. (47)

Derivation of the ex ante expected utilities of each short- and
long-term informed agent
We begin by using the following lemma, which is a standard result on
multivariate normal random variables [see, for example, Brown and
Jennings (1989)].

Lemma 1. Let Q(υ) be a quadratic function of the random vector υ:
Q(υ) = C + B ′υ − υ ′Aυ, where υ ∼ N (µ,6). We then have

E [exp(Q(υ))] = |6|− 1
2 |2A +6−1|− 1

2

× exp

(
C + B ′µ+ µ′Aµ+ 1

2
(B ′ − 2µ′A′)(2A +6−1)−1(B − 2Aµ)

)
.

The calculation in our case is somewhat simplified because µ =
0,C = −RB0, and B = 0. The long-term trader’s ex ante utility be-
comes

EUl (N ) = E [(−exp(−xALx ′))|φ0] = −|6|− 1
2 |2AL +6−1|− 1

2 (48)

where

AL ≡ R
[
β ′l2(λ3 − λ2)+ β ′l1(λ2 − λ1)

]
.

Similarly, the short-term trader’s ex ante utility can be written as

EUs(N ) = E [(−exp(−xAS x ′))|φ0] = −|6|− 1
2 |2AS +6−1|− 1

2 (49)

where

AS ≡ R
[
β ′s1(λ2 − λ1)

]
. 2
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