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This article endogenizes information acquisition and portfolio delegation in a one-period
strategic trading model. We find that, when the informed portfolio manager is relatively
risk tolerant (averse), price informativeness increases (decreases) with the amount of noise
trading. When noise trading is endogenized, the linear equilibrium in the traditional litera-
ture breaks down under a wide range of parameter values. In contrast, a linear equilibrium
always exists in our model. In a conventional portfolio delegation model under a competi-
tive partial equilibrium, the manager’s effort of acquiring information is independent of a
linear incentive contract. In our strategic trading model, however, a higher-powered linear
contract induces the manager to exert more effort for information acquisition. (JEL G14,
G12, G11)

Institutionalinvestors now dominate both equity ownership and trading activ-
ity. Gompers and Metrick(2001) report that, by December 1996, mutual funds,
pension funds, and other financial intermediaries held discretionary control
over more than half of the U.S. equity market.Jones and Lipson(2004) re-
port that non-retail trading accounted for 96% of New York Stock Exchange
trading volume in 2002. As pointed out byBennett, Sias, and Starks(2003),
“This institutionalization of equity holdings almost certainly means that, for
most firms, the price-setting marginal investor is an institution.” It is thus of
great importance to study the impact of institutional trading on stock prices
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and to integrate into one model both asset pricing and delegated portfolio
management, as advocated byAllen (2001).

Although there is a voluminous literature on strategic informed trading,
two fundamental issues remain unaddressed. First, this literature assumes that
agents trade for their own accounts.1 Consequently, there still does not ex-
ist a strategic trading model that studies the impact of institutional trading on
stock prices. Second, in an extension of theKyle (1985) model,Spiegel and
Subrahmanyam(1992) demonstrate that, when noise trading is endogenized,
a linear equilibrium does not exist or the market breaks down under a wide
range of parameter values. This result suggests that it is important to develop
a robust strategic trading model in which an equilibrium always exists.

Admati and Pfleiderer(1997) endogenize information acquisition in the con-
text of an agency problem between a portfolio manager and outside investors.
They solve a competitive partial equilibrium model in which the portfolio man-
ager is a price-taker.2 In addition to results on the use of benchmark portfolios
in a manager’s compensation, Admati and Pfleiderer show that the manager’s
effort is independent of the slope of a linear contract.3 This result challenges
the traditional principal–agent literature, in which a portfolio manager is ab-
sent and in which a higher slope typically induces a higher level of effort from
the agent.4

In this article, we develop an integrated model of strategic trading and port-
folio delegation. Specifically, we consider a linear equilibrium model in which
asset prices, optimal contracts, and information acquisition are determined si-
multaneously. We illustrate that incentives do influence the manager’s effort
and that a linear equilibrium always exists. We further show that more noise
trading may lead to a more informative stock price due to information acqui-
sition and optimal contracting. This result differs from those in the traditional
market microstructure literature, where price informativeness is independent
of or decreases with the amount of noise trading.

In our baseline model built uponKyle (1985), there is an uninformed risk-
neutral investor (the principal), a risk-averse informed portfolio manager (the

1 SeeGlostenand Milgrom(1985),Kyle (1985),Easley and O’Hara(1987),Admati and Pfleiderer(1988),Back
(1992),Holden and Subrahmanyam(1992),Spiegel and Subrahmanyam(1992),Foster and Viswanathan(1996),
Back, Cao, and Willard(2000), andVayanos(2001).

2 For other competitive partial equilibrium models with information acquisition and portfolio delegation, see
Stoughton(1993),Ding, Gervais, and Kyle(2008), andGarcia and Vanden(2008).

3 SeealsoStoughton(1993) on the independence between a linear contract and effort in a partial equilibrium
context. For research on optimal contracting in delegated portfolio management, seeRoss(1974),Bhattacharya
and Pfleiderer(1985),Starks(1987),Kihlstrom (1988),Allen (1990),Ou-Yang(2003),Cadenillas, Cvitanic,
and Zapatero(2007),Li and Tiwari (2009), andDybvig, Farnsworth, and Carpenter(2010).

4 SeeRoss(1973),Mirrlees (1976),Harris and Raviv(1979),Holmstrom(1979),Grossman and Hart(1983),
Holmstrom and Milgrom(1987),Schattler and Sung(1993),Prendergast(2002),Ou-Yang(2005),Cvitanic,
Wan, and Zhang(2006),DeMarzo and Urosevic(2006),Ju and Wan(2008),Sannikov(2008), andHe (2009).
SeeGuo and Ou-Yang(2006) for a counterexample in which a higher slope may induce a lower effort.
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agent),competitive risk-neutral market makers, and noise traders. There are
one risky stock and one risk-free bond available for trading. The uninformed
investor entrusts her money to the informed manager.5 Themanager has skill at
acquiring private information about the stock’s liquidation value, and bases his
trades on the acquired information. The manager’s trades affect the asset price
as market makers take into account adverse selection in the determination of
the asset price. At the end of one period, the asset’s liquidation value is realized
and trading profits are determined. The manager is compensated according to
a contract designed by the investor at the beginning of the period.

Moral hazard arises because acquiring information is costly to the manager,
and the effort the manager spends acquiring information is unobservable to
the investor. We require the contract to be a linear function of trading prof-
its. The investor is a Stackelberg leader in the sense that, in the stages of the
game after she announces the contract, other market participants take the con-
tract as given and strategically trade with one another. Specifically, given the
investor’s contract, the manager first chooses an effort level for information
acquisition and then decides on the optimal portfolio allocation. The compet-
itive risk-neutral market makers determine the equilibrium stock price, based
on the total demand by the informed manager and noise traders. Consequently,
as the Stackelberg leader, the investor takes the responses of other players into
account when determining the optimal contract.

One of our main results states that, when the risk aversion(Ra) of the in-
formed agent is relatively low (high), an increase in the variance of noise
trading (σ 2

u ) increases(decreases) the informativeness of stock prices(Q),
measured by the precision of the asset’s liquidation value conditional on the
equilibrium asset price. In the prior studies without information acquisition,
Q is independent of or decreases withσ 2

u becausean increase in the intensity
of informed trading is exactly canceled out or dominated by an increase in
noise trading.6 However, once information acquisition is possible, when noise
trading becomes more volatile and the informed agent can thus better con-
ceal his trading from market makers, a relatively less risk-averse agent first
acquires more accurate information and then trades more aggressively, lead-
ing to a more informative price in equilibrium. Moreover, we show that, under
portfolio delegation,Q increases withσ 2

u for a wider range ofRa values than
in the case without portfolio delegation. This is because portfolio delegation
makes the agent effectively less risk averse, increasing the risk-taking capacity
of the agent.

5 We shall use principal (agent) and investor (manager or informed agent) interchangeably.

6 In the absence of risk aversion, portfolio delegation, and information acquisition,Kyle (1985) shows thatQ
is independent ofσ2

u becausethe risk-neutral agent scales up trading in such a way thatQ is unchanged.
Subrahmanyam(1991) finds that, when the informed agent is risk averse, an increase inσ2

u decreasesQ, be-
cause a risk-averse informed agent trades less aggressively than a risk-neutral one. Notice that, in Kyle and
Subrahmanyam, the precision of private information is fixed, regardless of noise trading.
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Different from the irrelevance result ofAdmati and Pfleiderer(1997), we
show that higher incentives induce higher levels of effort, thus recovering the
well-known result in the traditional principal–agent literature. In our model of
strategic trading, market impact mitigates the manager’s incentive to “undo”
changes in the linear contract, which occurs in the Admati–Pfleiderer model.
The fact that, in reality, many of the contracts for portfolio managers, such as
mutual fund, pension fund, or endowment fund managers, are linear, it is
important to see that the incentive component of the contract comes out
mattering.

We extend the baseline model by endogenizing noise trading. Following
Spiegel and Subrahmanyam(1992), we assume that noise traders are risk-
averse uninformed hedgers who hedge their endowment risk optimally. Hence,
the optimal hedging demand of the hedgers creates endogenous noise trading.
When noise trading is endogenized, equilibrium asset pricing, informed trad-
ing, and optimal contracting are affected by the trading behavior of the noise
traders or uninformed hedgers. We demonstrate that the positive relationships
between incentives and effort and between the informativeness of prices and
the level of noise trading still hold in this case.

In our model, we show that an equilibrium always exists. By contrast, in
the work bySpiegel and Subrahmanyam(1992), where both information ac-
quisition and portfolio delegation are absent, no equilibrium exists under a
wide range of parameter values, or the market breaks down. In the Spiegel–
Subrahmanyam model, the uninformed risk-averse noise traders face an en-
dowment risk. On the one hand, they would like to hedge this risk, but on the
other hand, they would not like to lose to the informed trader. Hence, the trade-
off is between the utility gain from hedging the endowment risk and the utility
loss from losing to the informed trader. For example, if the risk aversion or the
endowment risk of the noise traders is very low and if the quality of the in-
formed trader’s private information is very high, then the noise traders do not
take a position in the stock to avoid losing to the informed trader. As a result,
the market breaks down.

The main intuition for the existence of an equilibrium in our model is as
follows. When the informed trader can change effort to adjust the quality of
private information, it is always in his best interest to lower the quality of in-
formation to avoid the market breakdown when the hedging demand from the
hedgers is not strong enough. The informed trader’s effort choice is correctly
anticipated ex ante by the hedgers and market makers. Therefore, an equilib-
rium always exists, no matter how little noise trading there may seem to be
ex ante. This result highlights the important role of endogenous information
acquisition.

Our article is closely related to those ofKyle (1985),Subrahmanyam(1991),
andSpiegel and Subrahmanyam(1992). Kyle develops a multi-period model
of strategic trading with a risk-neutral informed trader. Subrahmanyam extends
the one-period version of the Kyle model by introducing a risk-averse informed
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trader;Spiegel and Subrahmanyam endogenize noise trading.7 Portfolio dele-
gation is absent in all of these models.

Dow and Gorton(1997) construct an equilibrium model with strategic trad-
ing and portfolio delegation. The risk-neutral portfolio manager may or may
not receive a valuable signal about the asset payoff. The signal is obtained with-
out effort expenditure, but there is still an agency problem. When the manager
does not receive a valuable signal, no trading is optimal for the manager and
the principal, but the manager may still trade like a noise trader.

The rest of this article is organized as follows. Section1presents the baseline
model with exogenous noise trading. Section2 extends the baseline model by
endogenizing noise trading. Section3 considers a risk-averse principal and
discusses the empirical implications of our model. Section4 concludes the
article. All proofs are given in the Appendix.

1. The Baseline Model

Following Kyle (1985), the vast majority of strategic trading models assume
exogenous noise trading. For comparison, we first build the baseline model of
portfolio delegation and strategic trading based on Kyle. We will extend it in
the next section to allow for endogenous noise trading by followingSpiegel and
Subrahmanyam(1992). Consider a market with an informed trader, a number
of noise traders, and competitive risk-neutral market makers. These traders buy
and sell a single asset at a pricep̃ at time 0. At time 1, the liquidation value of
the asset,̃ν ∼ N(v, σ 2), is announced, and the holders of the asset are paid.
The asset price, determined by the competitive market makers who earn zero
expected profit, is set to equal the expectation of the liquidation value. The
demand of noise traders for the risky asset is denoted byũ ∼ N(0, σ2

u ).8

Different fromKyle (1985), we assume that the informed trader can decide
on the extent to which he is informed through an endogenous information ac-
quisition process. In particular, upon input of a level of effortρ, the agent ob-
tains a noisy signal about the asset valueθ̃ (ρ) = ν̃ + ε̃, wherẽε ∼ N(0, σ2

ε ) is
uncorrelatedwith ν̃, andσ 2

ε is inversely related to the agent’s effortρ, satisfy-
ing σ 2

ε = σ 2/ρ. The cost of exerting effortρ is assumed to beC(ρ) = kρ2/2,
wherek is a positive constant. The informed trader thus bases his trade on the
private informatioñθ (ρ), and his order, denoted bỹx, is a function of̃θ (ρ).
The market makers observe only the total order flowỹ = x̃ + ũ and set the
price to bẽp = P (̃x + ũ) = v + λ (̃x + ũ).

We further assume that the informed trader sells his private information in
the form of a fund in which a representative uninformed, risk-neutral-investor

7 Kyle (1981) considers endogenous noise trading in a different model.Mendelson and Tunca(2004) extend
the endogenous noise trading model ofGlosten(1989) to multiple periods as well as endogenize information
acquisition.Lee(2008) considers the acquisition of different types of information.

8 Throughoutthe article, a letter with the tilde symbol˜ (e.g.,ũ) denotes a random variable, and the letter itself
(e.g.,u) denotes the realization of the random variable.
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(principal)entrusts her money to the informed trader, who serves as the fund
manager (agent). The principal designs an optimal linear sharing rule, denoted
by S(W̃) = a + bW̃, to induce the agent to exert effort both for informa-
tion acquisition and for subsequent trading in the stock. Here,W̃ denotes the
agent’s trading profits, anda and b are constants. Notice that some mutual
funds also use indexes as benchmarks in their compensation schemes and that
mutual funds may not be allowed to take large short positions. These features
may also break the Admati–Pfleiderer irrelevance result, because they make
managers’ undoing incentives costly, very much like what this article does.
For simplicity, we omit these features from our model.

Moral hazard arises due to the inability of the principal to observe effort.
The agent has a negative exponential utility function:

UA(S(W̃), ρ) ≡ −
1

Ra
exp

[
−Ra

(
S(W̃) − C (ρ)

)]
,

whereRa is the informed agent’s risk-aversion coefficient. The agent’s reser-
vation utility is denoted bŷU .

In summary, the timeline of the model is as follows.

1. In Stage 1, the principal assigns a linear contractS(W̃) = a + bW̃ to
the agent. The contract is publicly announced.

2. In Stage 2, the market makers believe that, under the contractS(W̃), the
agent would exert effortρm (b) thatdepends onb.9 They are committed
to this belief, which turns out to be correct in equilibrium (i.e., they have
rational expectations).

3. In Stage 3, under the contract and taking into account the belief held
by the market makersρm(b), the informed agent exerts effortρ =
RH O(ρm (b) , b) andobtains a signal̃θ (ρ). Here,RH O(ρm (b) , b)
denotesthe optimal effort policy, and̃θ (ρ) = ν̃ + ε̃ is a noisy sig-
nal about the liquidation value whose precision increases with effortρ:
σ 2

ε = σ 2/ρ.

4. In Stage 4, the informed agent chooses the optimal trading strategy
based on the realized signalθ and submits his orderx = X(θ; ρ,
ρm (b) , b) to market makers.

5. In Stage 5, the risk-neutral competitive market makers determine the
stock pricep = P (y; ρm (b) , b) basedon the total order flowy and
their belief about the informed agent’s effortρm (b).

6. In Stage 6, the liquidation valuẽν is realized. The principal and the
informed agent are compensated.

We solve the model backward.

9 Notethat the constant paymenta in the contract does not affect the agent’s effortρ or tradex dueto the absence
of wealth effect, thanks to the (CARA)–normal framework.
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Step1: In Stage 5, market makers set the stock price to earn zero expected
profit. Given the total order flowy = x + u and the linear contract
S(W̃) = a + bW̃, they set the price based on their beliefs about the
agent’s effort:

P (y; ρm (b) , b)

= E
[
ν̃
∣
∣y = X

(
θ̃ (ρ) ; ρ, ρm (b) , b

)
+ ũ, ρ = ρm (b)

]
.

Step2: In Stage 4, the informed agent solves for the optimal trading strategy.
After having exerted effortρ and obtained signal̃θ (ρ) = θ , the in-
formed agent’s expected utility is givenby

U A (x; θ, ρ, ρm (b) , a, b)

= E
[
UA(a + bx [ṽ − P (x + ũ; ρm (b) , b)] , ρ)

∣
∣θ̃ (ρ) = θ

]
.

Note that the agent’s trading profits are given byW̃ = x
[
ν̃ − P

(
x +

ũ; ρm (b) , b
)]

. The informed agent’s optimal trading strategy maxi-
mizes his expectedutility U A, that is,

X (θ; ρ, ρm (b) , b) = arg max
x

U A (x; θ, ρ, ρm (b) , a, b) .

Theconstant in the contracta does not affect the agent’s trading strat-
egy because of no wealth effect in the framework of constant absolute
risk aversion (CARA)–normal. For the same reason, the agent’s opti-
mal effort, determined in the next step below, does not depend ona
either.

Step 3: To determine the agent’s optimal effort, we solve the game in Stage 3.
The agent’s expected utility, before exerting effortρ and obtaining
signalθ̃ (ρ), is

U A (ρ; ρm (b) , a, b)

≡ E
[
U A

(
X
(
θ̃ (ρ) ; ρ, ρm (b) , b

)
; θ̃ (ρ) , ρ, ρm (b) , a, b

)]
.

Thus,the agent’s optimal effort satisfies

RH O(ρm (b) , b) = arg max
ρ

U A (ρ; ρm (b) , a, b) .

Step4: In Stage 2, market makers form rational expectations. That is, for a
given contract, their beliefρm (b) coincideswith the informed agent’s
optimal effort choice:

ρm (b) = RH O (ρm (b) , b) .

Mathematically, ρm (b) is the solution to the above fixed point prob-
lem. Later, we prove the existence of such a solution in Proposition2.
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Step5: In the final step, we solve for the optimal contract, which is designed
by the principal in Stage 1. The principal is risk neutral, and her ex-
pected utility, denotedby U P(a, b), is givenby

U P(a, b)

≡ E
[
(1 − b)W̃ − a

]

= E
[
−a + (1 − b) X

(
θ̃ (RHO(ρm (b) , b)) ;

× RHO(ρm (b) , b) , ρm (b) , b)

×
(
ṽ − P

(
X
(
θ̃ (RHO(ρm (b) , b)) ;

× RHO(ρm (b) , b) , ρm (b) , b) + ũ, b))
]
.

Theoptimal contract thenmaximizesU P (a, b):
(
a∗, b∗) = arg max

(a,b)
U P (a, b)

subjectto various constraints to be specified next.
We formally define the equilibrium as follows.

Definition 1. An equilibrium consists of an optimal contract(a∗, b∗), an
optimal effort choiceρ∗ (b) = RHO(ρm (b) , b), an optimal trading strategy
x∗ (θ; ρ, b) = X (θ; ρ, ρm (b) , b), an optimal pricing function: p∗

(y; b) = P (y; ρm (b) , b), and the rational prior beliefρ∗ (b) = ρm (b). The
optimal contract(a∗, b∗) maximizesthe principal’s expected utility:

(
a∗, b∗) = arg max

(a,b)
U P(a, b), (1)

subjectto the following constraints:

ρ∗ (b) = arg max
ρ

U A (ρ; ρm (b) , a, b) , (2a)

x∗ (θ; ρ, b) = arg max
x

U A (x; θ, ρ, ρm (b) , a, b) , (2b)

U A
(
ρ∗ (b) ; ρm (b) , a, b

)
= Û , (2c)

ρm (b) = ρ∗ (b) , (2d)

p∗ (y; b) = E
[
ν̃
∣
∣y = x∗ (θ̃ (b) ; ρ∗ (b) , b

)
+ ũ

]
. (2e)

In Definition 1, Equation (1) determines the optimal contract, subject to the
incentive compatibility constraints in Equations (2a) and (2b), the individual
participation constraint in Equation (2c), the rational expectations constraint in
Equation (2d), and the market efficiency constraint in Equation (2e).
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Proposition 1. In Stage 5, given a linear contract(a, b) and the beliefρm (b),
market makers believe that the informed agent has exerted effortρ = ρm (b)
andhis trading strategy isX (θ; ρm (b) , ρm (b) , b) = βm (ρm (b) , b) (θ − v).
Consequently, market makers set the pricing rule asP (y; ρm (b) , b) ≡ v +
λm (ρm (b) , b) y, wherey is the total order flow andλm is given by

λm =
βm

β2
m (1 + 1/ρm) + σ 2

u /σ 2
. (3)

Note thatλm andβm areboth functions ofρm (b) andb. For notational ease,
we omit their arguments. We use the subscriptm to indicate that these variables
are determined under the beliefρm (b) of other market participants.

In Stage 4, the informed agent’s optimal trading strategy is shown asx∗

(θ; ρ, b) = X (θ; ρ, ρm (b) , b) ≡ β∗ (ρ, b) (θ − v), with the trading intensity
β given by

β∗ (ρ, b) =
ρ/ (1 + ρ)

2λm + Rab[σ 2/(1 + ρ) + λ2
mσ 2

u ]
, (4)

whereρ is the agent’s effort chosen in Stage 3.
In Stage 3, the agent’s optimal effortρ∗ (b) = RH O (ρm (b) , b) satisfiesa

first-order condition:

Cρ

(
ρ∗ (b)

)
=

bσ 2

2

1

Rabσ 2β∗ (ρ∗ (b) , b) + 1

dβ∗ (ρ, b)

dρ

∣
∣
∣
∣
ρ=ρ∗(b)

, (5)

which can be simplified to the following cubic equation:

ρ∗ (b)
(
ρ∗ (b) + 1

) [(
2λm + Rabσ 2

u λ2
m

) (
ρ∗ (b) + 1

)
+ Rabσ 2

]
=

b

2k
σ 2.

(6)
In Stage 2, market makers have rational expectations by correctly anticipat-

ing the agent’s effort choice and trading strategy. That is,

ρm (b) = ρ∗ (b) , βm (ρm (b) , b) = β∗ (ρ∗ (b) , b
)

. (7)

Note that the optimal responses are all functions ofb. Similarly, we denote
λm (ρ∗ (b) , b) by λ∗ (ρ∗ (b) , b).

In Stage 1, the optimal contract is determined through the following opti-
mization:

max
b

{
(1 − b) β∗ (ρ∗ (b) , b

)
σ 2

×
[
1 − λ∗ (ρ∗ (b) , b

)
β∗ (ρ∗ (b) , b

)
(1 + 1/ρ∗ (b))

]
− a∗(b)

}
, (8)

wherea∗(b) is chosen to satisfy the participation constraint as follows:

a∗ (b) = −R−1
a log

(
−Û Ra

)
+

1

2
k
[
ρ∗(b)

]2

−
1

2Ra
log

(
Rabβ∗(ρ∗ (b) , b)σ 2 + 1

)
. (9)
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In the proposition below, we prove the existence and uniqueness of the equi-
librium from Stage 2 on, following the announcement of contractS(W̃) =
a + bW̃. The existence of the overall equilibrium follows immediately from
the proposition because the optimal contract is determined by solving the prin-
cipal’s optimization problem over the compact interval of [0, 1].

Proposition 2. Following the announcement ofS(W̃) = a+bW̃, the optimal
response functionsρ∗, β∗, andλ∗ exist and are unique.

The proof of Proposition2, which is presented in the Appendix, suggests a
way to solve our model. First, holdingb andρ fixed, we can obtain the unique
solutionβ∗ (ρ, b) by solving Equation (A3) in the Appendix, which is derived
from Equations (3) and (4). We can then determineλ∗ (ρ, b) from Equation
(3). We next solve for the agent’s optimal effortρ∗ (b) from the first-order
condition in Equation (6), which admits a unique solution as proved in the
proposition. Finally, we substituteρ∗ (b), β∗ (ρ∗ (b) , b), and λ∗ (ρ∗ (b) , b)
into the principal’s objective function in Equation (8) and search for the opti-
malb∗ within the interval of[0,1].

1.1 The relationship between incentives and effort
Admati and Pfleiderer(1997) develop an innovative portfolio delegation model
under a competitive partial equilibrium. Among many important findings, they
obtain a striking result, that is, the manager’s effort of acquiring information
is independent of the incentive contract. This irrelevance result challenges the
traditional principal–agent literature in which a higher slope (b) in a linear
contract typically induces a higher level of effort (ρ) from the agent. This result
also highlights the differences between a traditional principal–agent model in
which the agent expends effort only and a portfolio delegation model in which
the manager first expends effort for information acquisition and then trades in
the stock based on the acquired information. In our portfolio delegation model,
which features both strategic trading and endogenous stock price, we recover
the traditional result that, all else being equal, a higherb induces a higherρ.

We first note that, in a competitive partial equilibrium, the portfolio man-
ager’s optimal position in the stock, after he has exerted effortρ, is given by

X (θ) =
Eθ (̃ν) − P

RabV arθ (̃ν)
=

ρ (θ − v)

Rabσ 2
≡ β (θ − v) .

Here, P denotesthe stock price, which is equal to the unconditionalmean
v, andβ is given by

β =
ρ

Rabσ 2
. (10)

Themanager’s wealth is thus given by

W̃A = a + bX (θ) (̃ν − P) = a + bβ (θ − v) (̃ν − P) .
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Noticethatbβ = ρ/Raσ
2 is independent ofb, so the manager’s wealth̃WA

doesnot depend onb. For example, if we doubleb, then the manager would
reduce his position by half given a fixedρ, resulting in the same amount of
effective exposure(bβ) to the asset payoff. Consequently, the manager’s effort
ρ is independent ofb.

In our strategic trading model, given a level of effortρ, the manager’s opti-
mal positionβ in the stock is given in Equation (4). Only whenλm is zero will
Equation (4) reduce to Equation (10). In general, because of the market im-
pact cost associated with the manager’s trading, the manager cannot leverage
up or down the position as much as in the price-taking case. Hence, the man-
ager’s exposure to the risky asset payoff is higher, that is,bβ increases with
b. As a result, a higher incentive slopeb leads to a higher level ofρ. We have
performed numerous numerical calculations and confirmed that, in all of these
calculations, a higherb always leads to a higherbβ, inducing a higherρ from
the manager.

We present one of the calculations in Figure1. The dashed lines in Figure1
correspond to the competitive equilibrium ofAdmati and Pfleiderer(1997) in
which the asset price is exogenously assumed (particularlyλ = 0, as shown in
Subplot A4) andρ is independent ofb. To facilitate the comparison with our
model, we fixρ to be 0.197 in Admati and Pfleiderer, which is the optimal ef-
fort level in our model without portfolio delegation (i.e.,b = 1). From Subplot
A3 of Figure1, we can see that the optimalρ increases withb in our model.
This “relevance” result leads to different behavior ofβ whenb tends to zero
(Figure1(A1)). By construction, the optimalβ-values in both models coincide
at b = 1. Whenb converges to zero,β approaches infinity per Admati and
Pfleiderer due to zero price impact. In our model, however, whenb tends to
zero,β converges to zero as a result of deteriorating information quality (i.e.,
ρ converges to zero, as shown in Figure1(A3)), even though the price impact
parameterλ diminishes to zero (Figure1(A4)). The “relevance” result and the
resulting different equilibrium outcomes in our model suggest the importance
of developing a strategic trading model in the context of delegated portfolio
management.

1.2 Information acquisition and price informativeness
We next examine the impact of introducing information acquisition on the price
informativeness. To distinguish its impact from that of portfolio delegation, we
assume in this subsection that the agent trades for his own account. Portfolio
delegation will be reintroduced in the next subsection. As didKyle (1985), we
define the price informativeness as the posterior precision ofṽ conditional on
the equilibrium price:

Q = [V ar (̃v |P )]−1 =
1

σ 2
+

1

σ 2
ε + σ 2

u /β2
=

1

σ 2
+

1

σ 2/ρ + σ 2
u /β2

. (11)
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Figure 1
Comparison with Admati and Pfleiderer (1997)
Figure 1 gives a graphical illustration of the comparison between our model andAdmati and Pfleiderer’s (1997).
The dashed lines correspond to the competitive equilibrium ofAdmati and Pfleiderer(1997), where both the
effort and the asset price are exogenously assumed and the manager is a price taker. The solid lines correspond to
our benchmark model of portfolio delegation and strategic trading in the case of exogenous noise trading. Other
parameters areRa = σ2

u = 2, k = σ2 = 1. The dash-dotted lines correspond to our general model of portfolio
delegation and strategic trading in the case of endogenous noise trading. Other parameters areRa = σ2

z = 2,

Rh = m = k = σ2 = 1.

Two effects determine the price informativenessQ. On the one hand, hold-
ing effort constant, an increase in noise trading or a decrease in informed trad-
ing decreasesQ. In the Kyle model in which the informed agent is risk neutral,
Q is independent of the variance of noise tradingσ 2

u . When the informed agent
is risk averse,Subrahmanyam(1991) finds thatQ decreases withσ 2

u because
the risk-averse trader responds less aggressively to an increase inσ 2

u . On the
other hand, an increase in effortρ not only has a direct positive effect onQ,
since the private information is more accurate, but also indirectly enhancesQ,
since it enables the informed agent to trade more aggressively on better in-
formation (i.e.,β increases). We show that, when the agent is sufficiently risk
tolerant, the second effect dominates the first one, hence,Q increases
with σ 2

u .
Figure 2 demonstrates the relation betweenQ and σ 2

u for three different
values of the risk-aversion coefficient,Ra = 0.1,1,2. Let us focus on Sub-
plots A4–A6 for now. We will study Subplots A1–A3 in the next subsection
after we reintroduce portfolio delegation. In the absence of both information
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Figure 2
Price informativeness (Q) vs. the variance of noise trading (σ2

u )
Figure 2 plots the relation between the price informativeness (Q) and the variance of noise trading (σ2

u ). The
solid lines correspond to the general case of information acquisition and portfolio delegation; the dashed lines
correspond to the case of exogenous information and without portfolio delegation; the dash-dotted lines cor-
respond to the case of endogenous information acquisition without portfolio delegation (i.e.,b = 1). Other
parameters areσ2 = k = 1, σ2

u ranges from0.1 to 5, andRa = 0.1, 1, 2.

acquisition and portfolio delegation, depicted by the dashed lines in Subplots
A4–A6, where effort is exogenously fixed at the level of 0.26 andb = 1,
Q always decreases withσ 2

u , which is consistent with the original result of
Subrahmanyam(1991).10 When information acquisition is allowed, according
to the dash-dotted lines in Subplots A4–A6, ifRa is around 0.1, Q increases
monotonically withσ 2

u , whereas ifRa is around 1, it decreases monotonically.
From unreported results, the relationship exhibits a hump shape whenRa is
between 0.1 and 1.

Absent information acquisition (i.e.,ρ is fixed at 0.26, depicted by the dashed
line), when noise trading increases (e.g.,σu increases by 41% from

√
2 to 2),Q

decreases because the informed trader’s trading intensityβ does not increase
as much (e.g., it increases only by 33% from 0.52 to 0.69). Once information

10 The exogenous effort of0.26 is the optimal effort level under information acquisition and portfolio delegation in
our baseline specification of parameters whereRa = 1, σ2 = k = 1, andσ2

u = 2.
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acquisitionis allowed, for the same increase of 41% inσu, the trader is now
able to exert more effort to collect more accurate information. In particular, the
level of his effort increases by 19% from 0.36 to 0.43, both of which are higher
than the fixed level of 0.26 in the absence of information acquisition. With
more accurate information, the agent trades more aggressively, increasingβ
by 44% from 0.61 to 0.88. The significant increase in informed trading, along
with the increase in effort, dominates the increase in noise trading, resulting
in higher price informativeness. Therefore, the positive relation between price
informativeness and noise trading for a smallRa is attributable mainly to the
dramatic increase in trading intensity that is fueled by better information ac-
quired due to the increase in effort itself. This result highlights the importance
of information acquisition.

From Subplots A5 and A6 in Figure2, we can see that, if the informed trader
is more risk averse (say,Ra = 1or 2),Q decreases monotonically withσ 2

u even
when information acquisition is allowed. This is because when the informed
trader has an exponential utility function and all random variables are normally
distributed, the marginal benefits of trading more aggressively and acquiring
more accurate information decrease withRa. When the informed agent is very
risk averse, the increases in his effort for information acquisition and trading
aggressiveness are dominated by the increase in noise trading, resulting in a
less informative price in equilibrium.

We summarize the above results in Proposition3, whose proof is given in
the Appendix.

Proposition 3. If Ra is sufficiently small (large),Q increases (decreases)
monotonically withσ 2

u .

1.3 Portfolio delegation, optimal contract, and price informativeness
In this subsection, we introduce portfolio delegation. We find that portfolio
delegation allowsQ to increase withσ 2

u for a wider range ofRa values. For
example, Subplot A5 of Figure2 demonstrates that, without portfolio delega-
tion, Q decreases withσ 2

u whenRa = 1.By contrast, once portfolio delegation
is introduced, the same increase in noise trading can actually enhance the price
informativeness, as shown in Subplot A2 of Figure2.

The main intuition is that portfolio delegation makes the risk aversion of
the fund a combination of the risk aversions of the investor and the manager,
effectively reducing the risk aversion of the manager as long as the investor is
less risk averse than the manager.11 For example, under the parameter specifi-
cation used in Subplots A2 and A5 of Figure2 whenRa = 1, in response to an
increase inσ 2

u , the investor lowers the slopeb in the optimal contract (Figure3
(A2)), which monotonically increases bothρ and β (Figure 3 (A5, A8)).

11 Becauseinvestors can diversify away idiosyncratic risk by investing in different funds, it is perhaps fine to
assume that investors are less risk averse than managers. We thank a referee for the intuition.
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Figure 3
Comparative statics with respect to the variance of noise trading (σ2

u ) for various degrees of risk
aversion (Ra)
Figure 3 depicts the comparative statics results with respect to the variance of noise trading (σ2

u ) for various
degrees of risk aversion (Ra). The solid lines correspond to the general case of information acquisition and
portfolio delegation; the dashed lines correspond to the case of exogenous information and without portfolio
delegation; the dash-dotted lines correspond to the case of endogenous information acquisition without portfolio
delegation (i.e.,b = 1). Other parameters areσ2 = k = 1, σ2

u ranges from0.1 to 5, andRa = 0.1, 1, 2.

The positive effect on price informativeness by more aggressive trading upon
better information dominates the negative one from more noise trading, result-
ing in the positive relation betweenQ andσ 2

u . This explains Subplot A2 of
Figure2.

On the other hand, if the agent is very risk averse (e.g.,Ra = 2), then the
increases inρ andβ (Figure3 (A6, A9)) become smaller. The reason is that,
although a lowerb makes the manager effectively less risk averse, it also makes
the manager less incentivized to exert effortρ because the manager receives
a lower share of the profit. As an extreme example,b = 0 could make the
manager essentially risk neutral butρ andβ would also be zero. In this case,
the stock price would contain no private information. Hence, when the man-
ager is very risk averse, sayRa = 2, his effective risk aversion,Rab, can still
remain high. As a result, the increase in noise trading eventually dominates the
increase in the manager’s trading intensity, suggesting thatQ will eventually
decrease withσ 2

u after it reaches a certain level. This explains Subplot A3 of
Figure2.
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2. The Extended Model with Endogenous Noise Trading

In this section, we extend the baseline model by endogenizing noise trading
based onSpiegel and Subrahmanyam(1992). In the Spiegel–Subrahmanyam
model, besides multiple risk-neutral informed traders and market makers, there
arem uninformed risk-averse hedgers who maximize their expected utilities to
hedge their endowment risk. Each hedgerj has an endowment̃zj ∼ N(0,σ 2

z )
of the asset, and his order for the stock is a function ofz̃j , denoted bỹu j .
The sum of the hedgers’ orders is denoted byũ =

∑m
j =1 ũ j . The hedgers

have negative exponential utility with a common risk-aversion coefficientRh.
Specifically, hedgerj ’s utility is given by

UH (Ṽj ; zj ) = −
1

Rh
exp

[
−RhṼj

]
,

where,given the realization of his endowmentzj , Ṽj
(
u j ; zj

)
is his payoff

given by

Ṽj
(
u j ; zj

)
= ν̃

(
u j + zj

)
− u j p̃.

Spiegel and Subrahmanyam(1992) construct a linear equilibrium in which
the optimal strategies for the uninformed hedgers are given byũ j = γ z̃j .

We introduce portfolio delegation and study optimal contracting between a
risk-neutral investor and a risk-averse informed agent, as in the previous sec-
tion. The key difference is that the level of noise trading is now endogenously
determined by the hedging demand of the hedgers. Therefore, when assigning
a contract, the investor needs to consider the effects of the contract on the trad-
ing intensity of the hedgers and the informed agent, as well as on the pricing
by the market makers.

The timeline of the model is similar as before, except that in Stage 2, follow-
ing the announcement of a contractS(W̃) = a + bW̃, the hedgers share the
same rational belief with the market makers that the agent would exert effort
ρm (b) that depends onb. And then in Stage 4, when the informed agent
chooses the optimal trading strategy, simultaneously, uninformed hedgerj
chooses his optimal trading strategy and submits orderũ j = U j

(
zj ; ρm (b) , b

)

tomarket makers,j = 1, ∙ ∙ ∙, m. FollowingSpiegel and Subrahmanyam(1992),
we assume that all hedgers are identical but that their initial endowments are
independently distributed. Therefore, symmetric equilibrium trading strategies
exist where they have identical equilibrium trading strategies:U j (∙; ρm (b) , b)
≡ U (∙; ρm (b) , b), ∀ j .

Specificallyin Stage 4, hedgerj ’s payoff Vj is given by

Vj = ν̃
(
u j + zj

)
− u j P = ν̃

(
u j + zj

)

− u j

(
v + λmβm (θ − v) + λmu j + λm

∑

k 6= j
γ zk

)
.
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Conditionalon zj , Vj is normally distributed with the following mean and
variance:

E
[
Vj
∣
∣zj
]
= vzj − λm

(
u j
)2

,

Var
[
Vj
∣
∣zj
]
=
(
(1 − λmβm) u j + zj

)2
σ 2 +

(
u j λmβm

)2
σ 2

ε

+ (m − 1)
(
u j λmγ

)2
σ 2

z .

Hedgerj ’s optimal trading strategyu j = U
(
zj ; ρm (b) , b

)
maximizeshis ex-

pected utility or equivalently maximizes the certainty equivalentE
[
Vj
∣
∣zj
]
−

0.5RhVar
[
Vj
∣
∣zj
]
. The first-order condition is given by

2λu j

= −Rh

{(
(1 − λmβm) u j + zj

)
(1 − λmβm) σ 2

+ u j

[
(λmβm)2 σ 2

ε + (m − 1) (λmγ )2 σ 2
z

]}
.

Therefore,we have

u∗
j = U

(
zj ; ρm (b) , b

)

= −
Rh (1 − λmβm) σ 2zj

2λm + Rh
[
(1 − λmβm)2 σ 2 + (λmβm)2 σ 2

ε + (m − 1) (λmγ )2 σ 2
z

]

≡ γm (ρm (b) , b) zj ,

where

γm (ρm (b) , b)

= −
Rh (1 − λmβm) σ 2

2λm + Rh
[
(1 − λmβm)2 σ 2 + (λmβm)2 σ 2

ε +(m− 1) (λmγ )2 σ 2
z

] . (12)

Theinformed agent’s trading strategy and the market makers’ pricing func-
tion are similar as before, except thatσ 2

u is now replaced bymγ 2
mσ 2

z , that is,

λm (ρm (b) , b) =
βm

β2
m (1 + 1/ρm) + mγ 2

mσ 2
z /σ 2

, (13)

β (ρ; ρm (b) , b) =
ρ/ (1 + ρ)

2λm + Rab[σ 2/(1 + ρ) + λ2
mmγ 2

mσ 2
z ]

. (14)

The agent’s optimal effort choice problem and the principal’s optimization
problem have the same functional forms as in Equations (5), (8), and (9).
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Thesolution procedure is similar as before. For a givenb, we start with an
initial guessγ (0) = −1. Treating the implied level of noise tradingσ (0)

u =√
m
(
γ (0)

)2
σ 2

z asexogenously given, we can then follow the methodology for

the case of exogenous noise trading to solve forβ(0) (b) andλ(0) (b), based on
which we next obtain an updated valueγ (1) from Equation (12). Ifγ (1) equals
γ (0), then we are done; otherwise, repeat the previous steps untilγ (0), γ (1), ∙ ∙ ∙ ,
converge. Upon convergence, we arrive at the optimal response functions
β∗ (b), λ∗ (b), andγ ∗ (b) for a givenb. Finally, we maximize the principal’s
expected utility to solve for the optimalb∗ within the interval of [0, 1].

2.1 A recap of Spiegel and Subrahmanyam (1992)
For convenience of comparison, we report the main results of Spiegel and
Subrahmanyam when there is only one risk-neutral informed trader.

Proposition 4. If

R2
hmσ 2

z

(
σ 2 + 2σ2

ε

)2
> 4

(
σ 2 + σ 2

ε

)
, (15)

thenthe unique linear equilibrium is given by

λ =
Rhσ 2

[
(2m− 1) /mσ 2 + 4σ2

ε

]

4
√

σ 2 + σ 2
ε

[
Rhm1/2σz

(
σ 2 + 2σ2

ε

)
− 2

√
σ 2 + σ 2

ε

] , (16)

β =
2
[
Rhm1/2σz

(
σ 2 + 2σ2

ε

)
− 2

√
σ 2 + σ 2

ε

]

Rh
√

σ 2 + σ 2
ε

[
(2m− 1) /mσ 2 + 4σ2

ε

] , (17)

γ = −
2
[
Rhm1/2σz

(
σ 2 + 2σ2

ε

)
− 2

√
σ 2 + σ 2

ε

]

Rh
√

mσz
[
(2m− 1) /mσ 2 + 4σ2

ε

] . (18)

Moreover, the stock price informativenessQ is given by

Q = [Var (̃v |P )]−1 =
β2
(
σ 2 + σ 2

ε

)
+ mγ 2σ 2

z

σ 2
[
β2σ 2

ε + mγ 2σ 2
z

] =
1

σ 2
+

1

σ 2 + 2σ2
ε

. (19)

Proof. See the proof of Proposition1 in Spiegel and Subrahmanyam(1992).
�

Note that, when a hedger is more risk averse (i.e.,Rh is larger) or his en-
dowment is more volatile (i.e.,σz is larger), his hedging demand is higher
(i.e., |γ | and Var

(
u j
)

are both larger). In a limiting case in which there is
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one hedger (i.e., m = 1), who is infinitely risk averse (i.e.,Rh = ∞),
we haveγ = −2σ2+4σ2

ε

σ2+4σ2
ε

. This case corresponds to theKyle (1985) model with
exogenous noise trading when we letũ =

∑m
j =1 ũ j ∼ N(0,σ 2

u ) with σ 2
u =

γ 2σ 2
z .

Becausethe risk-averse hedgers are uninformed about the stock payoff, an
increase in the uninformed hedging demand decreasesQ. On the other hand,
when the uninformed hedging demand increases, the informed trader will in-
crease his demand to take advantage of the uninformed trading, which in-
creasesQ. When the informed trader is risk neutral, the two effects offset
each other exactly, so thatQ is independent ofm, Rh, and σz, as given in
Equation (19).

2.2 Will the market break down?
In the Spiegel–Subrahmanyam model, the market breaks down when the con-
dition in Equation (15) is violated. Specifically, this condition requires that
Rh, σ 2

z , or m be large enough for an equilibrium to exist. In their model, the
risk-averse noise traders face an endowment risk. On the one hand, they would
like to hedge this risk, but on the other hand, they would not like to lose to
the informed trader. Hence, their trade-off is between the utility gain from
hedging the endowment risk and the utility loss from losing to the informed
trader. For example, if the risk aversion or the endowment risk of the noise
traders is very low and if the quality of the informed trader’s private infor-
mation is very high, then the noise traders would not take any position in the
stock to avoid losing to the informed trader. As a result, the market would break
down.

We observe that the possibility of the market breakdown given bySpiegel
and Subrahmanyam(1992) is due to the absence of information acquisition.
We show that, once information acquisition is allowed, there always exists
a linear equilibrium. The reason is that, even if there is not sufficient noise
trading to support an equilibrium for a givenσ 2

ε , the informed agent is aware
of this and will optimally lower his effort to become less informed, result-
ing in a higherσ 2

ε . The agent’s effort choice is correctly anticipated ex ante
by the hedgers and market makers. Therefore, an equilibrium always exists
no matter how smallRh, σ 2

z , or m might be, as long as the hedgers are risk
averse(Rh > 0).12 This result highlights the important role of information
acquisition.

To illustrate this point, we conduct an asymptotic analysis regardingRh in
a special case in whichRa = 0 and m = 1. We show that, as long asRh

is strictly positive, no matter how closeRh is to zero, there always exists an
equilibrium under information acquisition.

12 Intuitively, the condition in Equation (15) can always be satisfied by increasingσ2
ε .
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Figure 4
Comparative statics with respect to hedgers’ risk aversion (Rh)
Figure 4 depicts the optimal response functions with respect toRh in the case of endogenous noise trading with
a monopolistic risk-neutral informed trader (Ra = 0) with information acquisition only. Other parameters are
σ2 = k = m = 1, σ2

z = 5.

Proposition 5. With endogenous information acquisition, no matter how
smallRh is, there always exists an equilibrium. The equilibrium solutions have
the following asymptotic expressions ifRa = 0 andm = 1:

ρ∗ ≈ σ 2σ 2
z R2

h, β∗ ≈ 2kσ 2σ 4
z R4

h, λ∗ ≈
(
4kσ 2

z

)−1
R−2

h ,

γ ∗ ≈ −2kσ 2σ 2
z R3

h.

Figure 4 depicts the optimal response functions with respect toRh. Un-
less otherwise specified, we useσ 2 = 1, k = 1, σ 2

z = 5, andm = 1,
similar to those used bySpiegel and Subrahmanyam(1992). This figure con-
firms the asymptotic expressions in the proposition above for smallRh (e.g.,
Rh < 0.01). The optimal response functions depicted in Figure4 have an in-
tuitive interpretation. AsRh becomes smaller, the hedger becomes less risk
averse and thus has less motive to hedge, which implies less noise trading (i.e.,
smaller|γ |). In anticipation of this, the informed agent scales back his effort
and trading intensity, and the market makers decreaseλ.

We next prove the existence of an equilibrium in the general case. The sketch
of the proof is as follows. First, from the existence of an equilibrium in the case
of exogenous noise trading shown in Proposition2, given a valueγ < 0, if we
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defineσ 2
u ≡ mγ 2σ 2

z , there always exists a set of solutionsβ (γ ), λ (γ ), and
ρ (γ ) to Equations (3), (4), (6), and (7). Second, if we denote the right-hand
side of Equation (12) as an operatorT (γ ), that is,

T(γ )

≡ −
Rh(1 − λ(γ )β(γ ))σ 2

2λ(γ) + Rh
[
(1 − λ(γ)β(γ))2σ 2 + (λ(γ )β(γ ))2σ 2/ρ(γ ) + (m − 1)(λ(γ)γ)2σ 2

z

] ,

thenwe prove that there exists a fixed pointγ ∗ < 0, such thatT (γ ∗) = γ ∗.
Hence,the optimal responses are given byρ∗ = ρ (γ ∗), β∗ = β (γ ∗), and
λ∗ = λ (γ ∗). To prove the existence of the fixed point, we demonstrate in the
proof that there always existγa andγb, γb < γa < 0, such thatT(γa) < γa

andT(γb) > γb.
In contrast, according toSpiegel and Subrahmanyam(1992), whereρ is

exogenously fixed,γa that satisfiesT (γa) < γa doesnot always exist. Con-
sequently, the condition in Equation (15) is needed to ensure the existence
of γa.

Proposition 6. With endogenous information acquisition, there always exists
an equilibrium.

2.3 Incentives, effort, and price informativeness
Notice that the informed manager’s trading intensityβ, as expressed in Equa-
tion (14), takes the same form as in Equation (4). Due to the presence of mar-
ket impact, the manager cannot leverage up or down as much as allowed by
Admati and Pfleiderer(1997). As a result,bβ increases withb. Consequently,
we find that higher incentives lead to higher effort, as in the case of exogenous
noise trading.

Subplot A3 of Figure1 presents one of the calculations. For a givenb, the
optimalρ in the current case is lower than that in the case of exogenous noise
trading, whose results are depicted by the solid lines. The intuition is the fol-
lowing. Whenb is close to zero, there is little private information or informed
trading becauseρ andβ are both close to zero. In this case, the uncertainty
about the asset’s liquidation value is very high and the informed trading is very
low, allowing the uninformed hedgers to almost fully hedge their endowments,
that is,γ is close to−1.13 For any positiveb, there is positive informed trading,
and the hedgers do not fully hedge their endowments due to adverse selection,

13 Mathematically, whenb is small enough, we have

ρ∗ (b) ≈ Ab2/3, β∗ (b) ≈

(
2kA2

σ2

)

b1/3, λ∗ (b) ≈
σ2b1/3

4kA
, γ ∗ (b) ≈ −1 +

b1/3

2kRh A
,

whereA =
(√

mσσz
2k

)2/3
. In the limiting case whereb = 0, we obtain thatγ ∗ = −1. In Figure1, we choose

m = 1 andσ2
z = σ2

u = 2 sothat the noise levels in both cases of endogenous and exogenous noise trading are
the same whenb = 0.
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resultingin less noise trading. As a result, the market is less liquid than in the
case of exogenous noise trading (Figure1 (A4)). The informed agent’s trading
intensityβ is thus lower, and so is his exposure to the risky asset payoff,bβ
(Figure1 (A2, A3)). Consequently, the agent exerts lower effort than in the
case of exogenous noise trading.

The optimal contract and price informativeness depend critically on the
properties of the uninformed hedgers, such as the number of hedgers (m), their
endowment risk (σ2z ), and their risk-aversion coefficients (Rh). For example,
we obtain thatb decreases asm increases, similar to the negative relationship
betweenb andσ 2

u in the case of exogenous noise trading as shown in Subplots
A1–A3 of Figure3. We have demonstrated that, whenm is fixed,bβ increases
with b. When noise trading orm goes up, increasingb is not optimal because
the induced higher level of effort not only increases the market impact cost but
also reduces the uninformed hedgers’ incentive to trade. Consequently, when
the number of uninformed hedgers goes up, lowering incentives is optimal for
the principal.

In addition, one of the main results in the case of exogenous noise trading is
that the price informativenessQ generally increases (decreases) with the level
of noise trading ifRa is small (large) enough. We next demonstrate that this
result still holds when noise trading is endogenized.

Similar to Equation (11), we can express the price informativeness as

Q = [V ar (̃v |P )]−1 =
β2
(
σ 2 + σ 2

ε

)
+ mγ 2σ 2

z

σ 2
[
β2σ 2

ε + mγ 2σ 2
z

] =
1

σ 2
+

1

σ 2
ε + mγ 2σ 2

z /β2
.

(20)

Figure5 illustratesthe relationship betweenQ andm. In the work bySpiegel
and Subrahmanyam(1992) where effortρ is exogenously fixed and the in-
formed agent is risk neutral,Q, as given in Equation (19), is independent ofm.
Subplot A1 confirms this independence result. Subplots A2 and A3 show that,
when the informed agent is risk averse,Q decreases withm; the more risk
averse the informed agent, the more quicklyQ decreases. This result makes
sense because a risk-averse informed agent does not trade as aggressively as a
risk-neutral one, and the less aggressive informed trading makes the price less
informative.

The results for endogenous effort are reported in the second column of
Figure 5. When the informed agent is risk neutral,Q increases withm, as
shown in Subplot B1. On the one hand, trading by more uninformed hedgers
makes the price less informative. On the other hand, with more uninformed
hedgers in the market, the informed agent can potentially profit more from
trading against the uninformed hedgers. The informed agent thus exerts more
effort in acquiring more accurate information. More aggressive trading by the
informed agent with more accurate information leads to higher price
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Figure 5
Price informativeness (Q) vs. the number of hedgers (m)
Figure 5 plots the relation between the price informativeness (Q) and the number of hedgers (m). The first,
second, and third columns report the results for the cases of exogenous information, endogenous information
alone, and both endogenous information and portfolio delegation, respectively. The first, second, and third rows
report the results forRa = 0, 0.1, and2, respectively. Other parameters areRh = 3, σ2 = k = 1, σ2

z = 5.

informativeness.14 The second effect dominates the first one, soQ increases
with m.

When the informed agent’s risk aversion is low, sayRa = 0.1, Q increases
with m initially when m is small. Whenm becomes large enough, the first ef-
fect dominates the second one, driving downQ. When we further introduce
portfolio delegation and keepRa as low as 0.1, Q increases monotonically
with m, as opposed to increasing initially and decreasing later in the absence of
portfolio delegation. As we discussed earlier, the optimalb decreases withm.
Hence, with optimal contracting, the effective risk aversion of the informed
agent decreases as the number of uninformed hedgers increases. In equilib-
rium, the second effect dominates the first one, leading to higher price informa-
tiveness. WhenRa becomes large, we cannot lowerb too much because with
a lowb, the agent’s effort for information will be low. As a result, the effective
risk aversion of the informed agent,Rab, remains at a certain level, which lim-
its the informed agent’s trading intensity or the amount of private information

14 Under different settings,Fishman and Hagerty(1992) andLeland(1992) discuss the impact of insider trading
on the price informativeness.
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beingincorporated into the price. Consequently, when the informed agent is
sufficiently risk averse, the effect of uninformed trading will dominate that
of the informed trading, driving down the price informativeness, as shown in
Subplot C2 of Figure5.

3. Further Discussions

In this section, we extend the model to include a risk-averse principal as well
as discuss the empirical implications of our model.

3.1 Risk-averse principal
When the principal is risk averse, the solution techniques are essentially the
same as those for a risk-neutral principal. The expressions for the equilibrium
λ, β, andρ take the same forms as in Proposition1. Due to the risk aversion
of the principal, his objective function contains an additional variance term,
1/2(1 − b)2Var [W̃]. This term does not introduce much difficulty in our cal-
culations.

For simplicity, we consider the case of exogenous noise traders and find that
the results remain qualitatively the same. For example, Figure6 demonstrates
that, when the agent’s risk aversion is relatively small, price informativeness
increases, the agent’s incentive and market liquidity decrease, and the agent’s
effort and trading intensity increase with the amount of noise trading, as in the
case of a risk-neutral principal. Due to the risk sharing between the principal
and the manager, the optimal incentive slopeb increases with the principal’s
risk aversion.

3.2 Empirical implications
Our model shows that an increase in noise trading may make the stock price
more informative; and importantly, the presence of portfolio delegation makes
this positive relationship more likely to hold. We identify two natural experi-
ments in which there is an exogenous increase in the level of noise trading.

The first experiment is the addition of stocks to a stock index (e.g., S&P
500, Russell 1000). We investigate the price informativeness of a stock before
and after its addition into the index. After a stock is added into an index, the
passive index funds, whose trades are considered uninformed, will be required
to purchase the stock. Hence, there will be an increase in uninformed trading
in the stock. A traditional microstructure model would conclude that, due to
increased uninformed trading, the price informativeness will decrease after a
stock is added to the index. In our model, however, with more uninformed trad-
ing, investors, particularly active portfolio managers, will have more incentives
to acquire private information. They will then trade more aggressively in the
stock, which increases the price informativeness. Cross-sectionally, control-
ling for other factors, our model predicts that a stock with higher institutional
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Figure 6
Comparative statics with respect to principal’s risk aversion (Rp)
Figure 6 plots various endogenous variables in response to changes inRp, for Ra = 2 (the solid line) orRa = 0.1

(the dashed line) in the case of exogenous noise trading. The parameters areσ2 = k = 1, σ2
u = 2, andRp ranges

from 0.1 to 5.

ownership should experience less decrease or even an increase in its price
informativeness following its addition.

We propose the following panel regression to test our prediction:

Qi,t = a + b ∗ Additioni,t + c ∗
(
I Oi,t × Additioni,t

)
+ other terms,

where Qi,t is a measure of price informativeness for stocki at time t ,15

Additioni,t is a dummy variable that equals zero (or one) before (at/after) the
date when the stock is added to the index, andI Oi,t is stocki ’s institutional
ownership.I Oi,t measures the extent of portfolio delegation. According to our
model, holding everything else equal, the same increase in noise trading results
in less decrease in the price informativeness for stocks with higher institutional
ownerships. That is, the coefficient for the interaction termc is predicted to be
positive. Furthermore, a positive(b + c ∗ I Oi,t ) is also consistent with our
model, implying that the price informativeness may even increase with noise
trading.

15 For various price informativeness measures, see, for example,French and Roll(1986),Roll (1988),Kothari and
Sloan(1992),Hasbrouck(1993),Easley, Kiefer, and O’Hara(1997),Llorente, Michaely, Saar, and Wang(2002),
andDurnev, Morck, Yeung, and Zarowin(2003).
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The second natural experiment is the passage of a country’s first-time en-
forcement of insider trading laws.Fernandes and Ferreira(2009) test the re-
lation between a country’s first-time enforcement of insider trading laws and
stock price informativeness, as measured by idiosyncratic stock return vari-
ation.16 They find that enforcement of insider trading laws improves price
informativeness in developed countries, but it does not lead to significant im-
provement in emerging-market countries. They cast their findings as a puz-
zle for the traditional microstructure models. Their reasoning is that, with the
enforcement of insider trading laws, more investors will have incentives to
become informed, which should lead to higher price informativeness across
markets, including emerging markets.

We argue that, in developed countries, there are more institutions that trade
on behalf of individual investors. When there is less insider trading due to the
enforcement of insider trading laws, there will be more liquidity trading. The
reason is that the uninformed hedgers will be more likely to hedge their liq-
uidity risk when they are less likely to lose to inside traders. There will also
be more informed trading by institutions because they have more incentives to
acquire private information when insider trading declines. Our model shows
that, given the same increase in noise trading, portfolio delegation results in
higher price informativeness because a portfolio manager trades more aggres-
sively in the stock than an investor who trades for himself. Hence, our model
can potentially provide an explanation for the empirical result ofFernandes
and Ferreira(2009).

We can further test our model with an extension to the empirical setup of
Fernandes and Ferreira(2009), who test

Qi,t = a + b ∗ Enforcementi,t + c ∗
(
I Oi,t × Enforcementi,t

)

+ otherterms,

whereEn f orcementi,t is a dummy variable that takes the value of one in the
year of countryi ’s first insider trading enforcement case and thereafter, and
zero otherwise, andI Oi,t is country i ’s average institutional ownership. The
enforcement of the insider trading laws has a direct effect of reducing price
informativeness, implyingb < 0. The main prediction of our model is, how-
ever, on the interaction term

(
I Oi,t × Enforcementi,t

)
, that is,c > 0. In other

words, the larger extent of portfolio delegation in developed countries may ex-
plain why price informativeness increases after the law, but the opposite holds
true for emerging countries. We argue that institutional ownership, a measure
of the extent of portfolio delegation, is high (low) in developed (emerging)
countries, so the overall effect of “Enforcement” on the price informativeness,
measured byc ∗ I Oi,t + b, may be positive (negative or zero) for developed

16 Frenchand Roll (1986) andRoll (1988) argue that idiosyncratic stock return variation measures the rate of
information incorporation into stock prices through trading. This measure can be estimated by1 − R2, where
R2 is from a regression of the firm’s return on the systematic returns.
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(emerging) countries, which is consistent with the findings ofFernandes and
Ferreira(2009).

Our model can also be used to explain certain empirical findings, which
present challenges to the traditional microstructure models. For example, in
the Kyle-type models, both the price informativenessQ and the price impact
λ decrease with the level of noise trading. As a result, one would expect that
the correlation betweenQ andλ is positive.Saar and Yu(2002) test this impli-
cation. They find that, “despite our expectation that more trading by investors
who are informed about future cash flows would increase the informativeness
of prices with respect to future earnings, the two permanent price impact mea-
sures seem to be either negatively correlated or not significantly correlated with
the measures of price informativeness.” Based on this finding, they cast doubt
on the role of the price impact measures in describing information asymmetry.
Our result thatQ may increase withσ 2

u suggeststhat the correlation between
Q andλ may be negative, which provides a potential explanation for the em-
pirical result ofSaar and Yu(2002).

4. Conclusion

This article highlights the importance of developing an integrated model of
portfolio delegation and strategic trading. An equilibrium always exists in our
integrated model. We find that, when the risk aversion of the informed man-
ager is small (large), the price informativeness increases (decreases) with the
number, the risk aversion, and the endowment risk of the uninformed hedgers.
We also find that, all else being equal, higher incentives lead to higher effort
levels. These results differ significantly from those derived from pure strategic
trading models or portfolio delegation models under competitive trading.

In conclusion, our model may be viewed as a first step toward the integration
of portfolio delegation and strategic trading. For tractability, we consider only a
one-period model. It would be of great interest to develop an integrated model
in multiple periods.

Appendix
Proof of Proposition1. In Stage 5, market makers determine the asset price under their prior
about the agent’s effort and the conjecture about the agent’s trading strategies. In particular, they
believe that the agent spent effortρm in Stage 3, and conjecture the agent’s trading strategy as
x = X (θ; ρ = ρm (b) , ρm (b) , b) = βm (ρm (b) , b) (θ − v). The competitive, risk-neutral mar-
ket makers set the asset price to equal the expectation of its liquidation value conditioning on the
total order flow under the beliefρm (b). By Bayes’ rule, the posterior density function,f (̃v |y ),
is normally distributed and its mean is given by

P (y; ρm (b) , b) ≡ v + λm (ρm (b) , b) y,

whereλm (ρm (b) , b) is given in Equation (3).
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In Stage 4, the informed agent’s maximization problem is

max
x

[
Eθ (S) −

1

2
RaVarθ (S)

]
= max

x

[
a + bEθ (W̃) −

1

2
Rab2Varθ (W̃)

]
,

whereW̃ = x (̃ν − P) = x[̃ν − v − λmx − λmũ]. Note thatEθ (W̃) = xEθ (̃ν − v) − λmx2, and
V arθ (W̃) = x2[Varθ (̃ν) + λ2

mσ2
u ]. Hence, the agent’s maximization problem becomes

max
x

[
a − bλmx2 + bx Eθ (̃ν − v) −

1

2
Rab2x2[Varθ (̃ν) + λ2

mσ2
u ]

]
.

Therefore,the agent’s optimal trading strategy is given by

X (θ; ρ, ρm (b) , b) =
σ2/

(
σ2 + σ2

ε

)

2λm + Rab[Varθ (̃ν) + λ2
mσ2

u ]
(θ − v) ≡ β (ρ, b) (θ − v) .

Hence,the expression forβ (ρ, b) in Equation (4) is derived. Under his optimal trading strategy,
the agent’s expected utility, after exerting effortρ and obtaining signal̃θ = θ , is givenby

U A (x; θ, ρ, ρm (b) , a, b) = −R−1
a exp

[
RaC (ρ) − Raa −

Rabρβ (ρ, b)

2(1 + ρ)
(θ − v)2

]
.

In Stage 3, the agent chooses the optimal effort. His expected utility is equal to

U A (ρ; ρm (b) , a, b) = −
exp(RaC (ρ) − Raa)

Ra
√

Rabσ2β (ρ, b) + 1
. (A1)

Differentiating the right-hand side of the above equation with respect toρ, we obtain the first-order
condition as shown in Equation (5). The first (total) derivative ofβ with respect toρ is derived
below:

dβ

dρ
= β (ρ, b)2 ρ−2

[
2λm + Rab

(
λ2

mσ2
u + σ2

)]
> 0. (A2)

Substituting Equation (A2) into Equation (5), we obtain the result in Equation (6).
In Stage 2, the market makers rationally anticipate the agent’s optimal effort in Stage 3. That

is, ρm is chosen such thatρ∗ = ρm in Stage 3. We can thus omit the subscript “m ” hereafter. In
Stage 1, we solve the principal’s optimization problem to determine the optimal contract. Specifi-
cally, a is chosen to satisfy the agent’s participation constraint, and thenb is chosen to maximize
the principal’s expected utility. To satisfy the individual participation constraint, we substitute the
optimalρ∗ andβ∗ backinto Equation (A1) and set the maximum expected utility to the agent’s
reservation utility. We have

−
1

Ra
√

Rabβ∗ (ρ∗, b) σ2 + 1
exp

(
−Raa +

1

2
Rakρ∗2

)
= Û ,

which implies Equation (9). Given the expression fora in Equation (9), we can show that the
risk-neutral principal’s optimization problem is the one stated in Equation (8). �

Proof of Proposition2. Proving the existence and uniqueness of the equilibrium starting from
Stage 2 is equivalent to proving that, for a givenb, there exists a unique set of solutions

(
ρ∗, β∗, λ∗)

to the system of equations (3), (4), (6), and (7). The proof proceeds in two steps. In the first step,
we prove that, holdingb and an arbitraryρm ≥ 0 fixed, under the beliefρ = ρm, the solutions
to Equations (3) and (4), denoted byβm (ρm, b) andλm (ρm, b), exist and are unique. In fact, if
we substitute the expression ofλ from Equation3 into Equation4 and replaceρ with ρm, then we
obtain the following quintic equation forβ:

(ρ +1)2σ6Rabβ5+ρ(ρ +1)2σ4β4+ρ(ρ +1)(ρ+2)σ4σ2
u Rabβ3+ρ2σ2σ4

u Rabβ −ρ3σ4
u = 0.

(A3)
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If b = 0, then the solution is unique and positive, givenby βm ≡ σu
σ

√
ρm

1+ρm
> 0. If ρm = 0

andb > 0, thenβ must be zero. Ifb, ρm > 0, we prove below that there always exists a unique
positive solution in the interval(0, βm). If we denote the left-hand side of Equation (A3) by f (β),
then we have

f ′ (β)

= Rabσ2
[
5(ρm + 1)2σ4β4 + 3ρm(ρm + 1)(ρm + 2)σ2σ2

u β2 + ρ2
mσ4

u

]

+ 4ρm(ρm + 1)2σ4β3

> 0

and

f (0) = −ρ3
mσ4

u < 0

f
(
βm
)
= Rab

[
(ρm + 1)2σ6β

5
m + ρm(ρm + 1)(ρm + 2)σ4σ2

u β
3
m + ρ2

mσ2σ4
u βm

]
> 0.

Thus,by continuity, there must exist a positive and unique solution within the interval(0, βm).
To complete the proof, in the second step, we need to show that the second-order condition is

satisfied, that is, the agent’s objective function is concave with respect toρ at the point of optimal
solutionsρm = ρ∗, βm = β∗, andλm = λ∗. The proof is the following. In Stage 3, before the
agent exerts effort, his expected utility is givenby

U A (ρ; ρm (b) , a, b) = −
exp(RaC (ρ) − Raa)

Ra
√

Rabσ2β + 1
,

which implies

dU A (ρ; ρm (b) , a, b)

dρ
= −

exp(RaC (ρ) − Raa)

Ra
√

Rabσ2β + 1

[

−
1

2

Rabσ2

Rabσ2β + 1

dβ

dρ
+ Ra

dC (ρ)

dρ

]

and

d2U A (ρ; ρm (b) , a, b)

dρ2

= −
exp(RaC (ρ) − Raa)

Ra
√

Rabσ2β + 1

[

−
1

2

Rabσ2

Rabσ2β + 1

dβ

dρ
+ Ra

dC (ρ)

dρ

]2

−
exp(RaC (ρ) − Raa)

Ra
√

Rabσ2β + 1




−

Rabσ2

2
(
Rabσ2β + 1

)
d2β

dρ2
+

(
Rabσ2

)2

2
(
Rabσ2β + 1

)2

(
dβ

dρ

)2
+ Rak




 .

Denoteχ ≡ 2λ∗ + Rab
(
λ∗2σ2

u + σ2
)
. From Equation (4), we have

dβ

dρ

∣
∣
ρ=ρ∗ =

β∗2

ρ∗2
χ,

d2β

dρ2

∣
∣
ρ=ρ∗ = 2β∗ (ρ∗)−2

χ
dβ

dρ

∣
∣
ρ=ρ∗ − 2β∗2 (ρ∗)−3

χ.
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Becauseatρ∗ thefirst-order condition is satisfied (i.e.,dU A(ρ;ρm(b),a,b)
dρ

∣
∣
ρ=ρ∗ = 0), we have

dβ

dρ

∣
∣
ρ=ρ∗ =

2
(

Rabσ2β∗ + 1
)

Rabσ2
Rakρ∗,

d2β

dρ2

∣
∣
ρ=ρ∗ =

4β∗

ρ∗ χ

(
Rabσ2β∗ + 1

)

Rabσ2
Rak − 2β∗2 (ρ∗)−3

χ,

and

d2U A (ρ; ρm (b) , a, b)

dρ2

∣
∣
ρ=ρ∗

= −
exp(RaV

(
ρ∗)− Raa)

√
Rabσ2β∗ + 1

[

−
2β∗χk

ρ∗ +
bσ2β∗2χ

ρ∗3
(
Rabσ2β + 1

) + 2Rak2ρ∗2 + k

]

.

Fromthe above equations, we obtain

β∗2

ρ∗2
χ =

2
(

Rabσ2β∗ + 1
)

Rabσ2
Rakρ∗.

FromEquations (4) and (5), we obtain

β∗χ

ρ∗ =
1

1 + ρ∗ +
Rabσ2β∗

1 + ρ∗ ,

bσ2 = 2kρ∗2 (ρ∗ + 1
)
/β∗.

We thus arrive at

d2U A (ρ; ρm (b) , a, b)

dρ2

∣
∣
ρ=ρ∗ = −

exp(RaV
(
ρ∗)− Raa)

√
Rabσ2β∗ + 1

[
−

2β∗

ρ∗ χk + 2Rak2ρ∗2 + 3k

]

= −
exp(RaV

(
ρ∗)− Raa)

√
Rabσ2β∗ + 1

[

−2k

(
1

1 + ρ∗ +
Rabσ2β∗

1 + ρ∗

)

+ 2Rak2ρ∗2 + 3k

]

= −
k exp(RaV

(
ρ∗)− Raa)

√
Rabσ2β∗ + 1

[
3 −

2

1 + ρ∗

]
< 0.

�
Proof of Proposition3. When the agent is risk averse, Equation (4) gives

dβ

dρ
=

2λ + Raσ2
u λ2 + Raσ2

[(
2λ + Raσ2

u λ2
)

(1 + ρ) + Raσ2
]2

=
β + Raσ2β2

ρ (1 + ρ)
. (A4)

SubstitutingEquation (A4) into the first-order condition in Equation (5), we have

β =
2k

σ2
ρ2 (1 + ρ) . (A5)

WhenRa is very small, Equation (A3) is approximately given by

ρ(ρ + 1)2σ4β4 − ρ3σ4
u ≈ 0,
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that is, ρ ≈

√
1+4(σσu/(2k))2/3−1

2 . It can be verified that
d
(
σ2

u /β2
)

dσu
< 0. Together with the

observations thatdρ
dσu

> 0 and Q = 1
σ2 + 1

σ2/ρ+σ2
u /β2 , we have

dQ

dσu
> 0 whenRa is very small.

WhenRa is very large, Equation (A3) becomes the following:

0 = 2ρ (ρ + 1) Rak

[

ρ6(ρ + 1)6σ4
(

2k

σ2

)4
+ ρ3 (1 + ρ)3 (ρ + 2)σ2σ2

u

(
2k

σ2

)2
+ σ4

u

]

+ ρ6(ρ + 1)6σ4
(

2k

σ2

)4
− σ4

u

≈ 2ρ (ρ + 1) Rak

[

ρ6(ρ + 1)6σ4
(

2k

σ2

)4
+ 2ρ3 (1 + ρ)3 σ2σ2

u

(
2k

σ2

)2
+ σ4

u

]

+ ρ6(ρ + 1)6σ4
(

2k

σ2

)4
− σ4

u , (becauseρ + 2 is close to 2).

Therefore, we have

2ρ (ρ + 1) Rak

[

ρ3(ρ + 1)3σ2
(

2k

σ2

)2
+ σ2

u

]2

+ ρ6(ρ + 1)6σ4
(

2k

σ2

)4
− σ4

u ≈ 0.

Theabove equation is approximately equal to 0≈ 2ρ (ρ + 1) Rakσ4
u −σ4

u , because the first term in
the square brackets is negligible compared with the second termσ2

u . Therefore,ρ (ρ + 1) ≈ 1
2kRa

, which shows that the optimalρ is independent ofσu to the first-order approximation, and so is
β. Consequently,Q decreases withσ2

u , that is, dQ
dσu

< 0, whenRa is very large. �

Proof of Proposition5. From Equations (6) and (12)–(14), and noting thatσ2
u = mγ 2σ2

z , in the
special case with endogenous information acquisition only andRa = 0, m = 1, we have

β∗ =
2kρ∗2 (1 + ρ∗)

σ2
, λ∗ =

σ2

4kρ∗ (1 + ρ∗)2
, γ ∗ = −

2Rh
(
ρ∗ + 1

) (
ρ∗ + 2

)

2/(kρ∗) + Rh (ρ∗ + 1) (ρ∗ + 4)
,

ρ∗ (ρ∗ + 1
) [

2 + Rhkρ∗ (ρ∗ + 1
) (

ρ∗ + 4
)]2 = σ2σ2

z R2
h
(
ρ∗ + 2

)2
.

Fromthe last equation, if we letRh go to zero, thenρ∗ goesto zero as well. Therefore, it implies

4ρ∗ + o
(
ρ∗) = 4σ2σ2

z R2
h + o

(
ρ∗) .

It follows thatρ∗ ≈ σ2σ2
z R2

h. Substituting this asymptotic expression into the first three equations
regardingλ∗, β∗, andγ ∗, we can easily obtain the other three expressions in Proposition5. �

Proof of Proposition6. We prove the existence of the equilibrium in two steps. First, start with the
existence of a unique equilibrium in the case of exogenous noise trading proved in Proposition2.
Given a valueγ < 0, if we defineσ2

u ≡ mγ 2σ2
z , then there exists a set of solutionsβ (γ ), λ (γ ),

andρ (γ ) to Equations (3), (4), (6), and (7). Second, we denote the operatorT from Equation (12)
as follows:

T(γ )

≡ −
Rh(1 − λ(γ )β(γ ))σ 2

2λ(γ) + Rh

[
(1 − λ(γ )β(γ ))2σ2 + (λ(γ )β(γ ))2σ2/ρ(γ ) + (m − 1)(λ(γ )γ )2σ2

z

] ;
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wethen prove that there exists a fixed pointγ ∗ < 0, such thatT
(
γ ∗) = γ ∗, which completes the

proof. In the following we prove the existence of such a fixed point.

First, becauseλ (γ ) β (γ ) = β2
[
β2 (1 + 1/ρ) + mγ 2σ2

z /σ2
]−1

< 1, T (γ ) is always

strictly negative. Furthermore, whenγ goes to zero from below, we have

ρ (γ ) ≈

(
mσ2σ2

z

4k2

)1/3

γ 2/3, β (γ ) ≈

(
m2σ4

z

2kσ2

)1/3

γ 4/3, λ (γ ) ≈

(
σ4

16kmσ2
z

)1/3

γ −2/3,

which implies

T (γ ) ≈ −
Rhσ2

2

(
σ4

16kmσ2
z

)−1/3

γ 2/3.

As a result, there exists aγa < 0 that is close enough to zero thatT (γa) < γa.17

Next, we show that there exists aγb < γa thatis negative enough thatT (γb) > γb. Then, by
the intermediate value theorem and the continuity ofT (γ ), there must exist a valueγ ∗ ∈ (γb, γa),
so that T

(
γ ∗) = γ ∗. To prove the former statement, we investigate the asymptotic behavior of

T (γ ) whenγ goes to−∞. We first consider the case whereRa = 0. Let σ2
u ≡ mγ 2σ2

z for a
givenγ , then when the agent is risk neutral, from Equations (3) and (4) in Proposition1, we have

β =
σu

σ

√
ρ

1 + ρ
, λ =

1

2

σ

σu

√
ρ

1 + ρ
.

Furthermore,from Equation (6), we can easily show that

ρ =

√
1 + (4σσu/k)2/3 − 1

2
.

Therefore,whenγ is sufficiently small (i.e.,σ2
u sufficiently large),

ρ (γ ) ≈
(σσu

2k

)1/3
=

(
σmσ2

z

2k

)1/3

γ 2/3, β (γ ) ≈ −
m1/2σz

σ
γ , λ (γ ) ≈ −

σ

2m1/2σz
γ −1.

It follows thatT (γ ) converges to− 2m
(2m−1) whenγ goesto −∞. Therefore, there must exist a

sufficiently smallγb suchthatT (γb) > γb.
Whenthe agent is risk averse, from Equation (6), as|γ | or σ2

u goesto infinity, it must be true
thatρ converges to a finite numberρ∞ ≡ 1

2

(√
1 + 2/(Rak) − 1

)
, andσ2

u λ2 converges to zero,
implying thatλ converges to zero as well. It is easy to see from Equation (4) thatβ converges to

β∞ ≡ ρ∞/
(

Raσ2
)
. As a result,T (γ ) converges to−1. Thus again, in this case, there must exist

a sufficiently smallγb suchthatT (γb) > γb. �

17 By contrast, in Spiegel and Subrahmanyam(1992) whereρ is exogenously fixed, aγa that satisfies
T (γa) < γa does not always exist. In fact, the condition in Equation (15) is needed to ensure the
existence ofγa. We can prove it by contradiction. For simplicity, we assumeRa = 0 as in Spiegel
and Subrahmanyam. Suppose that the condition in Equation (15) does not hold, which is equivalent to

Rh (1 − βλ) σ2 ≤ −2γ λ, where β = σu
σ

√
ρ

1+ρ , λ = 1
2

σ
σu

√
ρ

1+ρ . Moreover, sinceγ < 0, it follows

that Rh (1 − βλ) σ2 ≤ −2γ λ ≤ −γ
(
2λ + Rh

[
(1 − λβ)2 σ2 + (λβ)2 σ2/ρ + (m − 1) (λγ )2 σ2

z

])
. That is,

T (γ ) ≥ γ for all γ < 0, implying that no equilibrium exists. On the other hand, when the condition
holds (i.e.,Rh (1 − βλ) σ2 > −2γλ), if we let γ go to zero from below, then there must exist aγa so that

−2γλ ≈ −γ
(
2λ + Rh

[
(1 − λβ)2 σ2 + (λβ)2 σ2/ρ + (m − 1) (λγ )2 σ2

z

])
, implying T (γa) < γa. This result,

together with the existence ofγb thatsatisfiesT
(
γb
)

> γb, guarantees the existence of an equilibrium.
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