Economic Modelling 28 (2011) 1756–1762

Contents lists available at ScienceDirect

Economic Modelling
j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / e c m o d

Insider trading with public and shared information
Hong Liu a,b,⁎, Zhixiang Zhang b
a
b

MOE Key Laboratory of Applied Statistics, School of Mathematics and Statistics, Northeast Normal University, Changchun 130024, China
China Economics and Management Academy, and CIAS, Central University of Finance and Economics, Beijing, 100081, China

a r t i c l e

i n f o

Article history:
Accepted 3 March 2011
JEL classiﬁcation:
G14
C72
D82
D43

a b s t r a c t
We study the impact of public information and shared information on traders' trading behavior in the context
of Kyle's (1985) speculative market. We suppose that there are four types of traders in our model: one insider,
M outsiders, liquidity traders, and market makers. We explicitly describe the unique linear Nash equilibrium
and ﬁnd that public information harms the insider but beneﬁts the outsiders and noise traders. Also, the
market is more efﬁcient because of the existence of public information.
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1. Introduction
Using an extension of the framework of Kyle (1985), this paper
analyzes the impact of public information on the trading behavior of
the insider and informed outsiders. As we know, when there is only
one inside trader in the market, the value of information is always
positive for the insider, and when more than one insiders have the
same private information, the value of information is not always
positive. “Competition” among inside traders has a big inﬂuence on
the market structure. Kyle (1985) found that the monopolistic insider,
in order to maximize his conditional proﬁt, would trade in a recursive
manner in discrete model, while in continuous time case as the time
interval went to zero, the private information was incorporated into
market price at a constant speed, and the market depth was constant
over time (for the case of more than two insiders having the same
private information see Holden and Subrahmanyam, 1992, which
found that each trader tried to beat the others in the market and their
information was revealed almost immediately).
Kyle (1985) has elicited a large body of literature. For example, Jain
and Mirman (2000), Daher and Mirman (2007) and Wang et al. (2009),
among others, explored various types of speculative markets by
modeling the ﬁnancial and real sectors together in order to study the
insider's (or insiders') decision-making process and its effects on the
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output in the real sector, stock price of the ﬁrm in the ﬁnancial sector, and
the information revealed to the public. Luo (2001) extended Kyle's
model (without the outsiders) by showing that when there exists public
information, the monopoly insider put a negative weight on the public
information in formulating his optimal strategy by moving the price in
the direction of the asset value. Zhang (2008) analyzed dynamic market
where outsiders shared part of the information about a security with a
corporate insider and updated their incomplete information by learning
from disclosed insider trades. Also, Rochet and Vila (1994), Huddart et al.
(2001) and Decamps and Lovo (2006) have used variants of Kyle's model
to analyze and explain real ﬁnancial phenomena.
Inspired by Luo (2001) and Zhang (2008), we provide a model
with public information and shared information with the presence of
outsiders.1 We will study the impact of public information and shared
information on the behavior of the insider and informed outsiders in a
speculative market with four kinds of traders: one risk neutral insider,
M risk neutral outsiders, noise traders, and competitive risk neutral
market makers. The main ﬁnding is that public information and
shared information are harmful for the insider but beneﬁcial to noise
traders and informed outsiders; when the size of outsiders M is large
enough, a larger M means a higher expected proﬁt for the insider; all
outsiders prefer smaller M; and noise traders prefer larger M.

1
The idea is a combination of Luo (2001) and Zhang (2008), but the information
structure in our model is different from their models.
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This paper is structured as follows. In Section 2, we present the
model. In Section 3, we identify the unique linear Nash equilibrium of
the model. Then in Section 4 analyze the properties of the equilibrium.
In Appendix A we provide proofs.
2. The model
Consider a model with four kinds of traders: one risk neutral insider
(the informed trader), M (M ≥ 2) risk neutral outsiders, noise traders,
and competitive risk neutral market makers. There are two periods
(period 0 and period 1) and a single risky asset in the economy. At period
0, the public and private information is released and the trading takes
place; and at period 1, the risky asset payoff is realized. The ex-post
liquidation value of the risky asset is a random variable ṽ = ζ̃ + s̃ + ,˜
which is normally distributed with mean p0 and variance σ2v i.e.


2
ṽ ∼ N p0 ; σv :
The ﬁrst component, ζ̃, is related to the private information known
only to the insider. Prior to trading, the insider learns the value of the
security by observing the signal ζ̃, s̃ and ˜. The second component, s̃, is
related to the shared information obtainable by every outsider (but
not by market makers and noise traders). Every outsider can observe s̃
at time 0, which is drawn from an independent and normal
distribution with zero mean and variance tsσ2v . And the third part, ˜,
which is normally distributed with zero mean and variance tεσ2v , is
related to the information known to all traders in the market
(including market makers but no noise trader).2 We call ˜ public
information. Thus the insider's information (public and private) is
ð ν̃; s̃; and ˜Þ, and every outsider's information is ð s̃; ˜Þ. Noise traders
have an inelastic demand for the risky asset and their trading is
exogenous. The quantity traded by noise traders, denoted by ũ, is
normally distributed with mean zero and variance σ2u. The random
variables ζ̃, ũ, ˜ and s̃ are mutually independent. The presence of the
noise traders not only serves as a camouﬂage and makes it impossible
for the market makers to exactly infer the insider's and the outsiders'
private information, but also is the source of the proﬁts to be exploited
by the insider and informed outsiders.
We conform the trading process to Luo (2001). The trading
proceeds as follows. At period 0, the public and private information is
announced. After receiving the information the insider chooses his
trading strategy by submitting an order x̃ = X ð ν̃; s̃; ˜Þ and each
outsider i ∈ {1, …, M} chooses his trading strategy by submitting an
order ỹi = Yi ð s̃; ˜Þ. Also, the trading volume of noise traders, ũ, is
realized. The insider and every outsider choose the quantity they
trade based on their information. When doing so, they can observe
their individual information but do not know ũ and the others'
quantities traded. The market makers observe the total order
ỹ = x̃ + ỹ1 + ỹ2 + ⋯ + ỹM + ũ, but not each individual's. After
receiving the total order ỹ, the market makers take the opposite side
of the incoming order and set the price p̃ = P ð ˜; ỹÞ of the risky asset in
a semi-strong efﬁcient way such that they expect to earn a zero proﬁt
conditional on the public information and the total order. At period 1,
the uncertainty is resolved and the risky asset payoff is realized. The
structure of the economy is common knowledge.
The equilibrium conditions are that the competition between
market makers drives their expected proﬁts to zero conditional on the
order ﬂow and that the insider and every informed outsider choose
their trading strategy to maximize their expected proﬁts. Following
the convention in the existing literature, an equilibrium is said to be
linear if the pricing rule is an afﬁne function of the order ﬂow. We will
give the deﬁnition of equilibrium in the following section.
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3. The unique linear equilibrium
In this section we give the equilibrium concept of the model
prescribed in the preceding section, and state the existence of a unique
linear equilibrium.
A strategy for the informed insider is given by a measurable
function X : R3 → R, which determines his market order as a function of
his observable information. For a given strategy X, the insider's
corresponding demand of the asset will be x̃ = X ð ṽ; s̃; ˜ Þ.
For an outsider i ∈ {1, …, M}, his strategy is given by a measurable
function Yi : R2 → R, which speciﬁes his market order as a function of
his available information. For a given strategy Yi, let ỹi = Yi ð s̃; ˜ Þ. A
strategy combination (X, Y1, Y2, ⋯, Yn) determines the order ﬂow as
ỹ = x̃ + ỹ1 + ỹ2 + ⋯ + ỹM + ũ:
The market makers observe the public information and the
realization of the order ﬂow, but not any of its components, and
engage in a competitive auction to serve the order ﬂow. The outcome
of this competition is described by a measurable function P : R2 → R
which speciﬁes the pricing rule that brings them zero expected proﬁt.
Given (P, X, Y1, Y2, ⋯, Yn), denote p̃ = P ð ˜; ỹÞ and let π̃ð X; P Þ =
ð ṽ− p̃Þ x̃, π̃i ðYi ; P Þ = ð ṽ− p̃Þ ỹi denote the resulting trading proﬁt of
insider and that of the ith outsider, respectively.
Deﬁnition 1. (P, X, Y1, Y2, ⋯, YM) is an equilibrium for the one-shot
model if
(1) Proﬁt maximization: for any alternate trading strategy X′ of the
insider,
 


E½ π̃ð X; P Þj ṽ; s̃; ˜  ≥ E π̃ X ′ ; P j ṽ; s̃; ˜ :
For any alternate trading strategy Yi′ of outsider i,
 

E½ π̃i ðYi ; P Þj s̃; ˜  ≥ E π̃i Y i′; PÞj s̃; ˜ ;
where i = 1, 2, ⋯ , M.
(2) Market efﬁciency: P ð ˜; ỹÞ = Eð ṽ j ˜; ỹÞ.
Remark 3.1. If we view the competitive market makers as a single
player, the above notion of equilibrium is the concept of Nash
equilibrium. The game is then among the insider, M outsiders, and the
representative market
h maker.i The latter's objective can be prescribed
as maximizing −E ð ṽ− p̃Þ2 subject to the constraint that p̃ is
measurable with respect to the sigma ﬁeld generated by ˜ and ỹ. It
is well known that the solution of this problem is the conditional
expectation P ð ˜; ỹÞ = Eð ṽ j ˜; ỹÞ.
Now we state a well known regression result that will be used later.

X1
joint
normal
distribution,
Lemma 3.1. Let 
X1 and X2 have
∼

X2
μ1
Σ11 Σ12
,Σ =
: Then the random variable
Nðμ; ΣÞ with μ =
μ2
Σ21 Σ22
X1 conditional on X2 has a normal distribution, and
−1

Deﬁnition 2. We say an equilibrium is a linear equilibrium if the
strategy functions X, Yi, i = 1, …, M and P are all afﬁne functions. That
is, there exist constants a, bi, c, α, β, θ, γi, δi, η and λ such that
x̃ = X ð ṽ; s̃; ˜ Þ = a + α ˜ + βð ṽ−p0 Þ + θ s̃;

ð3:1Þ

ỹi = Yi ð s̃; ˜ Þ = bi + γi s̃ + δi ˜; i = 1; ⋯; M;

ð3:2Þ

p̃ = P ð ˜; ỹÞ = c + η ˜ + λ ỹ:

ð3:3Þ

2

We assume ts, tε N 0 and ts + tε b 1. The notations of variances used here are for
latter computational convenience.

−1

E½X1 jX2  = μ1 + Σ12 Σ22 ðX2 −μ2 Þ; VarðX1 j X2 Þ = Σ11 −Σ12 Σ22 Σ21 :

Now we state our main result of this paper.

