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half the precision of each trader's information. When noise trading exists, the
incentives for costly information acquisition are greater because price incor-
porates a smaller amount of the private information compared to the competitive
case. Finally, a well-defined equilibrium exists even if speculators are risk-
neutral. Similar results emerge from my price-setting game with inside informa-
tion. The reason is that the equilibrium outcomes of the price-setting game also
describe those of a quantity-setting game similar to Kyle's where the insider
chooses asset demands based on an observation ofrthe price, his private informa-
tion and the value of his initial endowment. However, even under the second
interpretation, there exist differences between Kyle's [1984] framework and mine.
First, uninformed traders behave as price-takers in my model: it is only the
insider who exploits the jgjg;fngaﬂ%ages of his informational monopoly and his
size relative to the market. Furthermore,';illiraders are rational. In other
words, there are no "noise" traders in -my framework who purchase a random, in-
elastic quantity regardless of their losses. Finally, this paper addresses.
some issues not considered by Kyle [1984] and others. In particular, it triés
to determine whether observations on equilibrium prices and quantities traded
suffice to identify the existence of strategic insider trading in an otherwise
competitive market. For example, it shows that contrary to some commonly held
beliefs, insideritrading does not necessarily lead to "excess" variability of
. equilibrium prices: by taking into account uninformed traders' reactions, the
insider who bghaves strategically may reduce the variance in price compared to
the competitive outcome.

The rest of this paper is organiéed as follows. Section 2 describes the
model. Section 3 presents the equilibrium under different information structure

and assumptions about the behavior of the large trader. Equilibrium outcomes are
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analyzed in Section 4. Section 5 discusses whether such market outcomes can be

identified from observable series on prices and quantities traded.



2. The Model

Consider a simple two period economy: in the first period, individuals can
trade claims to two assets, a risky asset which has an uncertain payoff of r
and a riskless asset which yields one unit with certainty. The market at date
one in which these claims are traded is comprised of a continuum of uninformed
traders and an informed trader or insider who receives a noisy signal y=r + v
about the future payoff r. The two types of traders are also differentiated
with respect to size: while uninformed traders are non-atomic, the insider is
1ar§e relative to the market in the sense that he is of positive measure, nor-
malized here at one. Furthermore, each uninformed trader is assumed to be risk-
averse with a strictly positive coefficient of absolute risk avgrsion equal to

a,. The insider may" or may not be risk-averse, depending on the context.

Hence, ag > 0.

The initial wealth of each trader is determined by his initial position or
endowment of the two assets. Uninformed traders, who are identical in prefer-
ences and beliefs, also possess the same number of shares of the riskless asset,
denoted by BZ = B. However, they differ with respect to their ownership of the

risky asset: a fraction m has a large initial position in the risky asset,

denoted by ea = el while the remainder 1-m own only e1 = e2 shares with

7 u u
el >'e5,0 <m < 1. Similarly, the insider's initial wealth is determined by his

endowment of the two assets, denoted by BI and e respectively. The

I’
initial wealth of each trader fluctuates randomly because his initial holdings
of the risky asset fluctuate randomly, i.e., el, eﬁ and e are realizations

from random variables. On the other hand, the values of B and EI are fixed

and known by all traders.

In period one, all traders evaluate the uncertainty in their environment

with the same prior beliefs, which specify that the random variables r, v, e
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and el and eﬁ are independently and normally distributed with means rm, 0,
e?, elm and eﬁm and variances °§’ °3’ o%, °$u and cgu. Furthermore,

the structure of these beliefs is common knowledge.
Here 1/05 measures the precision of the insider's signal, 03 the riski-
ness of investment opportunities, c% the variability of the insider's initial

wealth and m the distribution of wealth among uninformed traders. Finally,

m_ _m 2m
(2.1) e, =me, + (1-m)eu
and

2 _ 22 22
(2.2) o, = Moy, * (1-m) Y24

determine di$tribution of uninformed traders' aggregate holdings of the risky

asset, defined by the normal random variable

: m ; 1
(2.3) e, J el duli) +J e2 du(i)

0 m
1

2
me  + (1-m)eu.

In this definition, u(i) denotes the Lebesgue measure on the unit interval.
The information possessed by each trader in this economy depends on both
public and private sources of information. Prior to trading, the insider re-
ceives a piece of news y about the future payoff r. Each trader also ob-
sérves the number of shares of the risky asset he is endowed with in period one.
Further, all traders learn the total numbef of shares available for trade in the
risky asset. From this information, the insider also infers uninformed traders'
aggregate endowment, i.e., knowledge of the total e = ey + mel + (1-m)eﬁ to-

gether with ey allows him to infer the current realization of e,- On the

other hand, any given uninformed trader observes only e - me; =e ¢+ (1~m)eﬂ,
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i,d = 1,2, i #J and is unable to infer the value of e or e,
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3. Equilibrium

The large trader of this model derives market power from his informational
advantage as well as from his size relative to the market. This section describes
the securities market equilibrium which emerges when the insider optimally ex-
ploits both sources of market power. As a benchmark with which to compare the con-
sequences of strategic behavior with inside information, it also describes the
equilibrium derived under the assumption that information is private but the in-
formed trader nevertheless behaves competitively. However, even if the large
trader loses his informational advantage, his size relative to the remaining
trader still enables him to affect equilibrium outcomes. Consequently, a second
benchmark is provided by the dominant trader equilibrium with public information.

The way in which the insider makes use of his dual advantages is simple:

-

conditional on observing y, e and e or e, the informed trader sets a
price- p for the risky asset to maximize the expected utility of next period's
wealth W; = rX; + B; and agrees to fulfill all desired trades at this price?

Consequently, his position in the market X; is determined by the constraint

_ 1 1 2 2
XI ey te, - Xu + e, - Xu
where el -'Xl and eﬁ - Xs denote the excess demands of "wealthy" and "poor"

uninformed traders. On the other hand, each uninformed trader behaves competit-
ively. Taking as given the price set by insiders, he maximizes his expected
utility of wealth w: = rXZ + Ba by choosing how many shares XZ and Ba of
the risky and riskless asset to hold. Both types of traders are permitted to
engage in short sales of the assets. In period two, the payoff on the risky
asset is rea]ized and consumption takes place.

When setting a price, the insider recognizes the effect of his decision on

the demands of the uninformed traders and takes their reaction into account.
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While the insider observes the total endowment e, of the uninformed traders,
he must nevertheless conjecture a set of demand functions X:(p) and BZ(p) in
order to determine their net trades at any price p. In this way, he also
determines the value of his own position for different values of the price.
Similarly, when computing their demands, uninformed traders use observations on
price to update their prior beliefs about the uncertain payoff r. To do this,
they must conjecture a price-setting rule p(y,eI,eu) which specifies the price
charged by the insider for any realization of Yy, e and e,
Defining p: R3 + R, Xa: R+ R and BZ: R - R as the strategies for the
insider and each uninformed trader, respectively, the strategies p*(y,eI,eu),
XZ*(p) and BZ*(p) constitute an equilibrium if each is a best response to the

other. More formally, (p*(y,eI,eu); XZ*(p) B;*(p) for all i € [0,1]) is

an equilibrium if

i* i* i i, piyyel
(3.1 X, (p), B (p)E ;ggg?x EL-exp(-a,(rX  + B ))[e ,e,p,p*(y.e se,)]
u’u

. i i i, 3
subject to pXu + Bu <pe, + B,

iy pi*
(3.2)  ply,epse)) € argnax Ey[-exp(-a (rX; + B ))]y.e .e X, (p),B, (p)]

subject to pX; + By < pe; + BI
LI I .
tp=ep s [ (e) - xENw(.

Notice that in (3.1), each uninformed trader's expectation about the future pay-
off r dis conditional on observations of his individual endowment el, the ag-
gregate e, price p and the conjectured equilibrium strategy p*(y,el,eu)

fbr the insider. Similarly, because the insider always holds the residual posi-

tion in the market as shown by the second constraint in (3.2)4, his pricing
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decision depends on his conjecture about the uninformed traders' demands. The
equilibrium pricing rule and asset demands are such that each trader's conjec-
ture about other traders' behavior is confirmed.

Notice that in this definition of equilibrium, the dominant trader makes
his pricing decision after observing the current realization of the signal and
endowments. Consequently, unlike the papers by Kihlstrom and Postlewaite [1983],
and Grinblatt and Ross [1982], issues of pre-commitment do not arise. Altern-
atively, the equilibrium of this paper is subgame perfect, with the postulated
strategy constituting a Nash equilibrium for subgfames defined for any realiza-
tions of vy, e and e,

Second, note that the large trader also serves as an actual price-setter
in this market, satisfying the demands of uninformed traders in order to keep
price at the value defined by p = p(y,eI,eu). An alternative way of defining
equilibrium is to assume that, conditional on information available in period
one, all traders choose excess demand schedules showing the quantity demanded as
a function of the current price and other relevant variables and submit these
schedules to a fictitious auctioneer. The equilibrium price is then chosen by
the auctioneer to make the value of these excess demands equal to zero. If the
large trader chooses an excess demand schedule which is perfectly elastic at the
price defined in (3.2), then the two interpretations of equilibrium lead to
identical outcomes. In this case, the insider effectively sets price by trading
only at the price defined by p(y,eI,eu). However, under either interpretation,
the set of possible strategies available to the traders is very large. Consid-
ering again the case of the price-setting insider, one alternative to the
strategy of satisfying all excess demands of uninformed traders at the price
p(y,el,eu) is to charge a price subject to a 1imit on short sales, i.e., choose

a price p to satisfy (3.2) with the additional constraint that Xy > -B.
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Another possible strategy is to price successive blocks of stock. Despite the
potential interest, finding and characterizing the optimal strategy in such gen-
eral strategy spaces is a diff%cu]t task and not attempted in this paper.

In what follows, I further restrict the strategfes in (3.1) and (3.2) to be
linear in the relevant variables. Given the extensive literature which has
analyzed linear rational expectations equilibria in similar models, such a
restriction does not seem to be a serious shortcoming in this context as well.
This implies é price-setting rule linear in the informed traders' information y
and the values of initial endowments € and e, Similarly, the demand sched-
ules of uninformed traders are restricted to be linear in price. Since unin-
formed traders are identical in all respects except for the value of their
tnitial endowments, their equilibrium demand functions XZ*(p) are conjectured
to be identical. In this case, the functions Bz*(p), i € [0,1] showing un-
informed traders' demand for the riskless asset will differ across traders only

~ because of their dependence on the value of e:. Under these conditions, I can
prove

Proposition 3.1: The set of coefficients (no,ﬂ],ﬂz,ﬂ3,ao,a]) describe a linear

price-setting equilibrium with inside information such that

p*('y,el.eu) =mg t My tongep +omge,

- cx . .
x; (p) = ag * aqP and BL (p) = pea - ag - Py i € [0,1]

and
m 2 m
ep © i [z)] : ﬂlogpz
0
au°r(Dl - “1°r)
'ﬂ'-lof, - D] .
a, = -

] a UZ(D] nfcﬁ)
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. |
n = [- ;% (1 -D,) + osrm/(OE + 03)]

'n2<0 and 1r3<0.

To identify the consequences of informed trading by a dominant trader, 1

2
" = s
Tep oy + )
22
. - 'alorov
2 (oi + os)(Dz +1)
D,
"3 = Q](Dz + ]5
and
D.I = n?(oﬁ + 03) + n%o% + LE
22
_ a121%%
D 1 -
- Z,
Op 7 Oy
‘Pm =7t n]rm + 328? +:n3e3.
Furthermore,
0'2 '310203 ]
0<m <« ———p , —5—5— 4 5 —<
2(0r + cr) 2(0r + ov) “
Proof: See Appendix I.
‘also prove

Corollary 3: The set of coefficients ("0’"]’“2’"3’“0’“]’“2) describe a

price-setting equilibrium with public information such that

p_(.yselseu) = no + T’l]y + 'ﬂzel + T|3eus

X:,(y.p) =gty + ugP and B:(y.p) = pe:, + B,’j - pr,(y.p) | i € [0,1]
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and

" 1
uo = . u.l = ;—2
T Wy
" -(oi + 03)
2 - —a_—i—z_
u®rv
a0 .z
n S n -
0 (of +od) 1 (2 + b
22 22
o = 3,00 41 e ;auchr(aI ta)
2 2 2 :
(or + ov)(al + 2au) (or ov)(al + 2au)

Proof: Follows directly from the proof of Proposition 3.1 by noting that
observing price yields no additional information to the competitive fringe when

y is public information.

The assumption that the insider sets prices by taking into account the
reactions of uninformed traders may appear as an extreme description of behavior

in securities markets. However, it turns out that the outcomes implied by

Proposition 3.1 or its corollary are also consistent with a quantity-setting

game in which the large trader chooses a linear demand function, taking into

account his effect on the equilibrium price and using observations on the price

‘P, his private information y and the value of his endowment er- The unin-

formed traders behave competitively and choose asset demands as a linear func-
tion of price. The.equilibrium price is determined from the market-c]earing
condition which sets the sum of the excess demands of informed and uninformed
traders equalto zero. Unlike the price-setting game where the large trader

moves first and announces a price at_uhich he is willing to fulfill all trades,

the quantity-setting game is a simultaneous move game where all traders choose
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asset demand functions.
To see how the large trader takes into account his effect on the equilibrium
price, notice that the price may be expressed as a function of XI by using the

market-clearing condition
- X (p.y,e,) + ][e"-x"()]d(i)=o
eI Ip’y’I 0 u Up ]

1 %
and conjecturing that X; (p) = @ + ayP with o #0, i.e.,

a
(3.3) p=- ;$-+ :%—(e1+eu) - é%'xl‘

It is easy to show that the coefficients in the price-setting rule of
Proposition 3.1 or its corollary also describe the equilibrium price for the
simultaneous move game when the large trader chooses linear asset demands XI *
and BI to maximize his expected utility of end-of-period wealth wI subject
to his budget constraint and given condition (3.3). As before, the asset demands
of the uninformed traders, X:(p) and BE(P), solve (3.1). The two different
games yield identical equilibrium outcomes due to the existence of a single
large trader who behaves non-competitively. In the absence of any restrictions
on short sales, choosing asset demands XI and BI to satisfy (3.3) and the

single period budet constraint is equivalent to choosing price such the XI and

BI are determined from

PXp + By < pep + By

and
X; = e, + ][ei-Xi()]d (i)
O A P

Alternatively, the equilibrium outcomes of the price-setting game will not

be identical to those of the quantity-setting game when there exist several large
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traders who behave as imperfec; competitors. However, for the purposes of this
paper, the ability to interpret the equilibrium outcomes 6f Proposition 3.1 and
its corollary in terms of the quantity-setting game has one advantage: that is,
I can use the competitive rational expectations equilibrium as a natural bench-
mark for analyizing the consequences of non-competitive behavior by the insider.

In this case, the informed trader bases his decisions on his private infor-
mation but otherwise behaves competitively. Furthermoré, all traders move
simultaneously and, taking prices as given, choose the qdantities they wish to -
trade at these prices. However, in order to do this, they must conjecture a
pricing function which describes the statistical relationship between price, on
the one hand, and the signal y and endowments € + e,» .on the other.

Defining the functions p: R2 + R, XI’ R2 + R, BI: R2 + R, XZ:%R + R
and B:: R+ R, the pricing function p*(y,eI + eu) and asset demands X:*(p), -

Bz*(p), i € [0,1], Xf(p,y) and Bf(p,y) constitute an equilibrium if

j* i* i i iy i
(3.4) X, (P), B, (p) € aggm?x E [-exp(-a (rX, + B ))|e .e.p,p(y,e; + e,)]
X,sB,

. i i i, &i
subject to pxu + Bu < pe, + Bu

(3.5) X*(p,y), B¥*(p,y) € argmax E . [-exp(-a, (rX; + B;))|e,,e,y,p,p(y,e; + e )]
I i X op \Fy T Brllie T
1°°] _

subject to pXI + BI < pep 4 BI

T . 1 .
xt+ [ x*rau(i) < e + [ elduti)
1 -1 0 u

0 u
(3.6)
r] 1-* - ] "i 2 .
Bf + Jo Bu'(p)du(i) 5_81 + IO Budu(i).

The first part of this definition merely describes how each uninformed
" trader maximizes the expected value of next period's wealth, conditional on the

value of his endowment and the aggregate e as well as on observations of the
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current price and his conjecture about the equilibrium pricing function
p(y.e1+eu). The analogous problem for the informéd trader is presented in (3.5).
- The next proposition characterizes the pricing function which is linear in the

insider's signal and the initial endowments such that for any realization of Yy,

e and e, markets clear according to Condition (3.6).

Proposition 3.2: The set of coefficients (60,6].62,70.11,80,81.82) des- .

cribe a linear rational expectations equilibrium with inside information such

that
pr(y,epte,) = 65 + &y + sy(epte)
" " Lo
Xy (P) = vg *+ vqPs By (P) = pe, + By - X, (p), 1€ [0,1]
X$(P.y) = By + By + BoP and B(p,y) = pe; + By - pX¥(py)
and
m
. _r _
P02 o T
1% S "
(05 + 03)
B, =
au crov
m 2
y - r D3 = 610rpm
0 2 Z 2,
au Or(D3 - 6]Ur)
2
i = $19r - B3
1 2 22,
'(80 + Yo)
K ER?
2
r
Tl ey ree
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. o252
5 = I °r
2 2 2
(Or+ OV)D4
and
_ .87 2 2 2, 2 2
Dy = &jloy + o) + &Glop + o)
Yy @ °E°3
D, =1 - :
4 2
op oy
p" = 8 + a]rm + Gz(eT + eﬂ).
Furthermore,
03 -aI 0303 -
0<6]<2+2and——é—:-—-2—<62<0 5
O’r O’v R Uv O'r. .

Proof: See Appendix I.

A Coroi]ary 3.2: The set of coefficients (50’51’52’“0’“]’“2’¢0’¢1’¢2)

describe a rational expectations equilibrium with public information such that
Plysepte ) = g5 + Eqy + Eplerte )

x;:(.Ysp) = L) + ll]y + llzp, Ba(.Y,P) = pe:‘ + B:] - px:,(ysp) i e,[os]]‘

- and
Xp{ysp) = 69 + 41y + ¢p and By(y.p) = pey + By - pX;(y,p)
and
osr‘m . ]
%0° T2, 2% . A6
a (o, + o) a o,
_ -(03 + 03)
¢2 =
1%



2.m 2
ovr g or
80 " 72 . 2, : 1°772 2
(Uv + 0,.) o + oy
2 2
-auovoral

27 (2w e +a)

and Hgr ¥y and v, are as in Corollary 3.1.

Prbof: Directly follows the proof of Proposition 3.2 by noting that price

yields no additional information to traders when y is public.



-2]-

4. Equilibrium Qutcomes

Given the simplicity of the equilibrium strategies, the main interest for
the results of Proposition 3.1 lies in the predicted equilibrium outcomes. In
particular, one would 1ike to know how the existence of an insider with market
power affects the information content of price and the responsiveness of price
to new information compared to the case when all traders behave competitively.
Alternatively, it is of interest to determine whether stfategic insider trading
leads to a loss of informational efficiency by making the market "noisier" from
the point of view of each uninformed trader. Yet the complexity of the expres-
sions in Propositions 3.1 and 3.2--which arises because the coefficients of
equilibrium price are jointly determined with the coefficients of uninformed
traders' asset demands--precludes a direct analysis. However, some special
cases yield determinate results.

The first case occurs when there is no uncertainty about the initial wealth
of the different types of traders. Denoting the equilibrium prices of Propo-
sitions 3.1 and 3.2 as p; and py, the next example describes the relevant

e'l and eﬁ are fixed and known by all traders.

equilibria when e e,

Example 4.1: (oﬁ = o? = 0)

2.m 2
o’ o
Pt T
2(o +crv) 2(0r+°)
whereas
o2rm c2
_ v Vv
Pe=2 2%v 7, 7Y
O'v g OY‘ O'V

This example illustrates the well-known result by Grossman [1976], and

Grossman and Stiglitz [1978] that the competitive rational expectations equilib-
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rium price fully reveals all information in the market. Yet, pnder the.condi-
tions of Example 4.1, this occurs even if the insider attempts to optimally ex-
ploit his market power. In both cases, price varies one-to-one with informa-
tion, the coefficients " and & reflecting the informativeness of the sig-
nal y. The only difference between the equilibrium outcomes of Propositions
3.1 and 3.2 are that LY 1/260 and m = 1/26]: the insider who recognizes
his market power prevents price from being pushed up against himself with his
information. In the absence of qﬁporfunities for re-trading. the informed
trader can exploit his market power to earn positive profits even when the equi-
1ibrium price perfectly reveals his information.

On the other hand, introducing even a small amount of noise in the form of
uncertainty about initial wealth alters these conclusions. To illustrate €he
consequences of non-competitive behavior in thisrsituation, it is useful to
consider the cases when the insider has perfect information or is risk-neutral.
For, not only are the equilibrium outcomes under these assumptions easy to
characterize, but they are of interest in their right. In particular, the
assumption of risk neutrality seems appropriate for an informed trader with a
large initial position.

In Examples 4.2(a) and 4.3(a), P; and p, again denote the equilibrium
prices of Propositions 3.1 and 3.2. However, for future reference, EXamp]es
‘4.2(b) and 4.3(b) describe the equilibria of Corollaries 3.1 and 3.2 where the
signal y is publicly observed. In this case, the.relevant prices are denoted
by B] and 52.

Example 4.2: (o3 = 0)

(a) y 1is private information
0,1 1

P = §;;'* Y+ fg;eu
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and
P2 =y
(b) y is public information
Py =y
and
by =y,

Example 4.3: (aI = 0)

(a) y 1is private information

1 °$‘”m %0 °§ ]
el S T Y A s
(ov + Or‘) 1 2(or + cv) 1
and
o‘zlr‘m . 03
po = y
N A .
(b) y 1is public information
2.m 2 2 2
- o,r c a o0
P1=7 7+ 7Yy 7 Cu
o.to, o ta, (OY‘+°V)
and
LI
P27 2%t 2 2
O'v O'r O'r Uv

Recall from Proposition 3.2 that the informed trader who behaves competit-
ively reacts to his signal with a weight reflecting his risk aversion and the

precision of his signal, i.e.,



2 2
1 (o + o)
Xy(yp) = 8y + A R 5 s
1 ov °r°v aI

2
v

so strong that the effect of random supplies on price disappears (62 = 0) and

When either 3 = 0 or o, =0, his reaction to his information becomes
price becomes fully revealing. This is demonstrated by the expressions for Py
in Examples 4.2(a) and 4.3(b). In both cases, price varies one-to-one with the
signal y. As in the case with fixed endowments, any gain§ accruing to superior
information are eliminated in équi]ibrium. Furfher, the competitive outcome
achieves informational efficiency because the price of the risky asset equals

the expected value of the future payoff r, conditional on observing the noisy

signal, i.e.,

Oy r
(4.1)  pp=Elrly) = 53—+ 5—y.
O T Oy r %

+
Q
Q
+
Q

When 03

‘ 4.3(a), namely y.

0, this expression simplies to the value for Py given in Examplei

On the other hand, if the insider can behave strategically and set prices,
equilibrium outcomes differ markedly from those emerging with competitive
behavior. As.in Example 4.1, only half as much information is incorporated in
price, i.e., ™ = %-6]. But, more important, price a]so_f]uctuates_with the
aggregate endowment of uninformed traders, i.e.,

"y = -21—] #0 provided oy # -=.
This last condition is always satisfied in equilibrium because uninformed -
traders are assumed to be risk averse. If, in addition, the}e is some hetero-
geneity among uninformed traders so that m # 1, price fails to be fully
revealing from the boint of view of each such trader who observes the quantity

ey + mel or e+ (I-m)eﬁ but not e; or e, separately.
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Furthermore, because the price of the risky asset is no longer an unbiased
predictor of future payoffs, the insider always earns bositive profits in equi-
librium. Using the expressions for price p and e - XI implied by Examples
4.2 and 4.3 expected profits are given by

_ (o\zlrm + of_y) .
(4-2) [E(TIY) = pJ[eI = xI] = [ ? ? - "0 - W]y - ﬂ3 eu] [eu - 00 - OIDJ
oL + oy _ .
1 [osr'" + 0'2_)' ag _euJ A [ (osrm + of_Y)J
=7 4 t—-—]-le ~ap- @ ‘
oi + oy il I u 0 1. 05 + 03

= L IECrIY) + (g - &,Vay 12> 0

since g < 0. Notice that expected profits reflect the inforﬁafioﬁ possessed

-, -

by the insider. Consequently, unlike the informed trader ﬁhb behaves comﬁe;
titively, the price-setting insider can benefit from his informational monopoly
as long as uninformed traders desire to share risks through the market but are
unsure about the duantity of shares held by the different types of traders. On
the other hand, with competitive behavior, p = E(r]y) so that expected profits
are always zero.

The above examples can also be used to examine the role of infbrnutioné]

advantage. For this purpose, consider a risk-neutral monopolist who has no

private source of information. From Corollary 3.1 and Example 4.2(b), his

expected profits can be expressed as5

e N - -
[ECr]y)-+ 7%] * [e, - ug - upy - wppl =

2
€y

- E;E;

2 22
e a oo
u ury. o

4(0r + ov)

(4-3) [E(rly) '-pJ .‘[el = XI]
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Comparing (4.3) with (4.2) shows that when information is public, any

profit opportunities due to information are exhausted by the trades of the com-
petitive fringe. Hence, (4.3) is positive but {ndependent of the signal y.
Since u, determines uninformed traders' elasticity of demand for the risky
asset, this expression also shows that the large trader benefits from his
ability to set price under the same conditions as a textbook monopolist facing
an exogenous demand curve. This occurs when the demand fdnction of éompetitive
traders is a negative function of price. ' | '

Alternatively, Example 4.3(b) shows that the actions 6f a risk-neutra]
monopolist can prevent price from being an-unbiased predictor of future payoffs,
even when all information is public. However, this example also shows that the
existence of such a trader does not affect the efficiency’ with which information
is incorporated into price: 1in both Examples 4.2(b) and 4.3(b), theféoé?ficient
of y in the expression for the price set by the large trader, .B], is equal to
coefficient of y 1in the competitive price 52. But this is just a special case
of the results in Corollaries 3.1 and 3.2 that with public information, the coef-
ficient of y merely reflects the informativeness of this signal, regardless of
how the large trader behaves.

Table 4.1 provides a more general comparison of the equilibrium outcomes
implied by Propositions 3.1 and 3.2. Given the simultaneous determination of the
coefficients of equilibrium prices, on the one hand, and the coefficients of
traders' asset demands, on the other, such a comparison cannot be achieved
analytically. Consequently, I numerically compute the relevant equilibria fo}
given values of the exogenous parameters oﬁ, o?, oi, 03, ;u and a;, as
described in Appendix II. This determines the coefficients Tor e nz' and

LE characterizing the equilibrium price in Proposition 3.1. The coefficients

60, 6] and 7 of Proposition 3.2 are similarly détermined. The expressions-
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in columns four and five of Table 4.1 are then evaluated by using these coef-

ficients as

(4.4)

and

(4.5)

9

Table 4.1 compares the magnitudes of i]

var(p ) = a](o + 02) +

2

n%(oi +0

v

2
%

6%(03 + 03)

var(p]) = 6?(02

%a? + 130

+ °3) + 5§(°¥ MY

2

2

oo = e
Table 4.1

L T 6] LP N §2 LE T 62 oy = og -7
<0 >0 <0 >0 <0
<0 >0 <0 ? <0
<0 >0 <0 >0 <0
<0 >0 <0 >0 <0
<0 >0 | <0 >0 . <0
<0 >0 ? ? <0

versus &, 62' versus &,, etc., .
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as the values of the exogenous parameters are individually varied. For example,
the entries of '<0' in column one of Table 4.1 show that, regardliess of which
parameter is increased, the coefficient of the signal y 1in the price-setting
rule, Ty is always less than the corresponding coefficient in the competitively
determined price, 8y Consequently, the first column replicates the results of
Examples 4.1, 4.2(a) and 4.2(b) and shows that price responds less to new informa-
tion when the insider can behave strategically. In this case, the insider profits
from his informational advantage by reducing the covariance of price with his
information.

The second and third columns compare the responsiveness of price under the
two equilibria to changes in the initial endowments of the insider and the unin-
formed traders, respectively. Recall that *nz, 8o and mg are all negative.
Consequently, columns two and three show that, compared:fo the competitively
outcome, the price set by the insider fluctuates more with changes in the endow-
ments of uninformed traders than with changes in his own endowment er. In other
words, for most parameter values, |n3] > ]62l while lnzl < |62|: prices fall
less with increases in e in the latter case because the insider acccounts for
the fact that a higher price increases the value of his initial endowments and
consequently his initial wealth.

The fourth column compares the absolute variability of price under the two
equilibria: for most parameter values, the variance of.price is greater in the
price-setting equilibrium. This result formalizes the intuition that strategic
trading may lead to "excess volatility" in asset prices and cause the market to
be "noisier" from the point of view of sma114uninformed traders. However, Table
4.1 also shows that large variations in price may not prove very useful for
indicating the presence of an insider who manipulates brice. For notice from
the second and sixth entries of coiumns four that o% may be iess than og if

the informed trader is very risk-averse (large aI) or suffers large vari-
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ability in his initial wealth (large o%). In any case, the last column of
Table 4.1 shows that if the information content of price is measured by the
proportion of variance in price attributed to the signal y, then strategic
jnsider trading always causes equilibrium prices to be a worse indicator of the
information in the market compared to the competitive outcome.

Finally, for the sake of completeness, Tables 4.2 and 4.3 show comparative
statics results for the individual equilibria of-Propositions 3.1 and 3.2. As
an example, notice that an entry of (-) in the first row, first column of Table
4.2 implies a fall in =, as 05 increases. Uﬁder this interpretation, the
first columns of both tables show that the responsiveness of price to new informa-
tion decreases as the market becomes noisier (os increases) or the informed
trader becomes more risk-averse (aI"increases)i On the other hand, greater
variability in the payoffs on the risky asset (large oﬁ) or increases in the
risk aversion of uninformed traders (large av) have the opposite effect. Notice
also that an increase in the risk aversion of the informed trader does not neces-
sarily increase the overall variability of price when the insider behaves
strategically. This is a reflection of the results in Table 4.1. Another
interesting result is that greater risk aversion on the part of uninformed trad-
ers does not reduce the informativeness of the competitive price, i.e., Ty does
not change when a, increases. With strategic insider trading, a rise in this
parameter increases the overall variability of price, causing T to fall. This

occurs because the coefficients on eI and e increase in absolute value more

u
than the coefficient on the signal. When uninformed traders are very risk-averse,
their asset demands will not f]uctuate‘very much with price. Taking this reaction
into account, the insider will set price to more fully reflect changes in endow-
ments and consequently ensure that his own positfon in the market, XI’ varies

more with information rather than endowments.



-30-

Table 4.2

Comparative Statics for Propositions 2.1

2
'ﬂ'] I'll'zl l'n3| O'l T] IG]'
US - - - + - +
c% - - - + - +
OE + + o+ + ? -
03 - + - - - +
au + + + + - -
-
aI - + - ? ? - +

Table 4.3

Comparatijve Statics for Propositions 2.2

2
% |6, o T2 Inl
2
o7 - - + - +
02 + + + + -
r
02 - + - - +
v
a, + + + unchanged -
a] - + + - +
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5. Some Empirical Implications

Summarizing, the previous sections described the equilibria in a simple
securities market model under different information structures, and behavioral
assumptions for individual traders. In particular, this analysis emphasized the
consequences of strategic insider trading for the "noisiness" or informational
efficiency of securities markets. The analysis of these sections may also be
used to answer a question with potential implications for policy: that is, is it
~ possible to distinguish the different equilibria and to detect the existence of
an insider who behaves strategically using observations on prices and quantities
traded?

Section 4 showed that focusing on such measures as the volatility of
share prices may not be useful for this purpose because an informed trader who
tries to manipulate prices may acfua]]y reduce the variance of overall prices.
On the other hand, Examples 4.1-4.3 suggest that zero restrictions on equilib-
rium prices and cross-equation restrictions between the demand schedules of
uninformed traders and prices may help to distinguish the different equilibrium
configurations. For example, when information is perfect (03 =0), p#E(r]y)
only in the presence of an insider who behaves strategically. In this situa-
tion, price also depends on the initial wealth of uninformed traders'. How-
ever, regardless of the information structure, the equiliorium with strategic
Frading will differ from the competitive outcome in that the price will de-
pend on the initial holdings of uninformed traders as well as on the sig-
nal y. '

On the other hand, cross-equation restrictions between prices and uninformed

traders' demands may be used to distinguish whether the information is "inside
information".or publicly known. Using the results of Example 4.3, Proposition

3.1 and its corollary, I obtain, with inside information, that
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—
A

4 Py = %o tmy +ome where =, =
(5.1) .
x‘(,l)(p) = ) + Glp'

When y d{s publicly known but a large trader sets prices,

p] = ng + ny + noe, where n, = ;E
(5.2)

X (y,p) = ug * upy + ugp-

Hence, the cross-equation restriction between LPS and ays ON the one
hand, and ny and Mo ON the other, may serve to identify the nature of
information by market participants. Under the more likely situation that the
large trader js risk-neutral (aI=0), Examplg 4.3 shows that pfjce will be
an unbiased predictor of-future payoffs only if the large trader takes prices as
given. If the signal y 1is publicly known, it will be efficiently incorporated
into prices even in fhe presence of a dominant trader who sets prices.'

More generally, the existence of a "wealth effecf“ distinguishes the equi--

libria where the large trader sets prices from those in which he behaves com-
e
I

petitively. Adding and subtracting the term 5 ) to the
v

01(2 - aIu]oios/(oi + q.)
expression for equilibrium price in Proposition 3.1 and re-arranging terms yields

. . _
(5.3) p(y,eI,eu) Mgt Myt et “3(el + eu)

where

+ . : 1
m = -
2 u1(2 - aIa]osoil(oi + 02))_

v
With oy < 0, a; >0, while ny <0, e; enters with a positive coefficient

~ because a higher priée makes the -initial holdings of the insider more valuable.

With competitive behavior, e and e, always enter with the same coefficient,



-33-
i.e., from Proposition 3.2
(p.y.e; +e) = 65+ 81y + 8,(e; + e ).

As a concluding remark, it should be pointed out that the above discussion
is highly suggestive. Any serious empirical implementation would consider the

institutional framework as well as the nature of the observable series.
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Appendix 1

Proof of Proposition 3.1: (i) Each uninformed trader conjectures that the

equilibrium pricing function is given by p(y,el,eu) =gt WY Mg, ¥ omge .
Given this conjecture, the solution of each uninformed trader's problem can be
obtained as a special case of Hellwig [1980], pp. 483, equations (6a)-(6e).
This implies the demand function XZ(p) =agtap forall i€ [0,1], with
g and ay as given in the text. The solution for Ba(p) is obtained as a
residual from the budget constraint in (3.1). With constant absolute risk
aversion utility functions, the asset demands of individual traders do not
depend on initial wealth or endowments.

- (ii) Similarly, the insider conjectures that XZ(p) = ag * o3P for all

i € [0,1]. Given this conjecture about the demand functions of the uninformed,

he uses the two constraints
(1.1) pX; + B, =pe +B
(1-2) XI = e, t eu - U.O - (!‘]p

to express EI[—exp(-aIwI)] solely in terms of p. This yields the problem

mgx E(rly,eI,eu)(eI te, o a1p) + peI + BI - p(eI te,-eg- a]p)

) - aI|2 Var(rly,el,eu)(eI + e, -~ % - a]p)2
(1.3)
= p-= [ao(I - aa, Var(r y,eI,eu)) - aa Var(rly,el,eu)eI +

1 - a o Var(rly,el,eu))eu + a]E(r y,eI,eu)]/(Z - 3oy Var(rly,eI,eu).

Substituting for

2

(1.4) E(rly,e;e)) = o+ of.(y - r"')/(oi +a,
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and

2

2
(1.5) Var(r]y,el,eu) = oio%/(or'+ov

yields the solution for Ter T1e To and T3 given in the text and further
shows that all traders' conjectures are confirmed in equilibrium. The price of
the risk]ess asset is normalized to one and the equilibrium holdings of the
riskless asset B; for the informed trader are obtained as a residual from the
budget constraint (I.1) once X; s known.

(iii) To complete the proof, I need to show that a solution exists for the
system of non-linear equations defining Tpr Ty T and m3e Since Tys T
and mg are in@ependent of T and Ty = -alosn], only a solution for L8
and T3 needs to be found. With constant absolute risk aversion utility func-
tionézithe risky asset is not a Giffen good (see Grossman [1978]), i.e.,

aq < 0. Further, provided a, 0, ay > -, Hence, whenever ci # 0,

To show that a solution exists for ™ and T3 define the mappings

2

] Op
T (Ts %8 ) =

0™"1°"3 (OE + 03)(2 - aIa]oics/(os + oi))

a ozo
2 _ I"'vr 1 1
Tolmyamg) = [- ===+ 5 =IT(ny.m3).
Z(Ur + ov) 1

Also define

o

T, = if To(,7) <0



-36-

2 _ . 2, .
T](-, ) =0 if TO( , ) >0
0'2 0'2
T1( o) = —_r if. T](-,-) N r
1 22 + o2 0 22 + o)
%% 7 %y r " %
2 -4 °3°§ 1 2 ! °3°3
T (.s ) = + if T ("') <
] 2(02 + 2) 2(1] 0 2(0_2 + 02)
r S r %

and
1 1,. .
T1Cs0) = To(eh0)

otherwise

T2(°,-)

2. .y, -
] T3(,0).

" "Then, T(n],n3) = (T}(n1,ﬂ3),T$(ﬂ],ﬂ3)) is a continuous mapping which maps the

compact, convex set

'°£ | 3 °3°§ ]
S = [0,5_2—"‘—2"‘] X [ 2 2 + 7 50]
(ov + cr) 2(°r + ov) 1

into itself. Therefore, by Brouwer's fixed point theorem, T(v],v3) has a

fixed point nf and ws, with w§ and w6 defined from nf and ng. When

ap= 0 or 03 = 0, n{ and n§ clearly fall on the boundary of S, with
n§ = 0. Otherwise, it can be shown by means of a contradiction that the

point is strictly interior to S, as claimed.

Proof of Proposition 2.2: (i) In this case, both types of traders con-

jecture a pricing function p(y,eI + eu) =8yt 8yt sz(eu + eI). Given this
conjecture, the coefficients in the asset demands for both types of traders,
i.e., BO’ B], By and Yo and Y] as defined in the text, are again found

as spécial cases of Hellwig [1980], pp. 483, equations (6a)-(6e). Then, 8qs
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81 and 62 are determined from the market-clearing condition which specifies

that
Bp * ByY * Bap *yg t vqp = €p tee,.

In this case, it is easy to show that

2

0 < 6] < oi/(oi"' oy

and
'aI°3 < 6] <0

where g0 8 and 6§, are defined in the statement of Proposition 2.2.
(ii) The existence of a solution for this set of equations follows exactly
as in part (iii) of the proof of Proposition 3.1. 8y 1is determined from the

solution for 6] and 62.
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Appendix 11

This appendix describes the algorithm for numerically computing the equi-

1libria of Propositions 3.1 and 3.2, given a set of values for the exogenous

5, 03, c%, 05, ar and au. For both cases, the coefficients of

uninformed traders' demand functions must be jointly determined with the coef-

parameters o¢

ficients of the equilibrium pricing function.

(i) For Proposition 3.2, the algorithm for jointly computing Yoo g and
1 1

60, 6], 62 is simple: given a feasible initial value for 5], say 6], 62
-3;0 5 } and y} is determined from 6}, 6; and the remaining exogenous

parameters as

2 2c 2 . 2 2,2 2
I L )'52(°1+°u)
L a oz(c + 65005 + o2))
Once y}‘ is known, 6$ is determined from
02
2 _ r
6]"’

(o5 + a2)(1 = ylajotos/ (a2 + 62))
Continuing in this way, an equilibrium is found for a given set of parameters
when Iy:+1 - Y:] < e where e 1is chosen a priori.

(i1) For Proposition 2.1, this algorithm includes an additional step.

Again, assume an initial feasible n}, compute n; = -a ozw} Now

;- -(aIc + (o t o, )/o ]a]])w::

depends on aq and ™ but o depends on Tys T and T3 Hence, sub-
stituting for T4 in the expression for o yields a fifth degree polynomial

aa?+bafl‘+Ca?+da$+Ea]+oﬁ=0.
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Given the values w}, w; and the exogenous parameters, a numerical root
finding routine yields the roots of the above polynomial. The real negative

root, which always exists, is chosen as the value of a}. Then,

2
2. °r
T AT

Continuing the above until ln;+] - n}l < ¢ Yyields the solution.
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Footnotes

I thank Rick Green, Steven Matthews and Tom Palfrey for helpful com-
ments. Special thanks goes to Robert Miller and Robert Townsend for their
encouragement and advice. Remaining errors are my own.

These include Blume and Easley [1983], Novshek and Sonnenschein [1982]
and Palfrey [1982].

The price of the riskless asset is normalized at one, yielding an
implicit risk-free interest rate of zero.

The insider's holdings of the riskless asset BI are determined from
the budget constraint in (3.2).

A similar result is obtained by Grinblatt and Ross [1982].

-
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