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We examine an adverse selection model of trading
in which both informed and uninformed traders
are rational, maximizing agents. Replacing the
price inelastic “noise” or “liquidity” traders with
strategic, utility-maximizing hedgers permits an
explicit analysis of the uninformed traders wel-
fare, and demonstrates that several comparative
statics obtained from the standard paradigm of
Kyle (1984, 1985) are altered significantly upon
endogenizing the trading motives of these agents.
In contrast to extant models, market liquidity and
price efficiency are both nonmonotonic in the
number of uninformed hedgers in the market. Also,
the welfare of hedgers monotonicany decreases
with the number of informed traders, despite
greater competition between the informed.

The applied literature on financia markets with asym-
metric information has made impressive advances in
recent years. In no small measure, this is due to the
model of Kyle (1984, 1985), which has now become
a standard framework for anayzing strategic noisy
rational expectations markets. Variants of this para
digm have been used to andyze a wide variety of
issues, to derive comparative statics regarding market
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liquidity and the informational eff|C|ency of prices, and to obtain
implications for financial market; regulation. While this model is both
insightful and a powerful anaytical tool, it does possess the short-
coming that “noise” or “liquidity” traders are assumed to trade exog-
enous quantities without regard to other parameters in the environ-
ment, and therefore to consistently suffer losses to traders with superior
information. This assumption simplifies the analysis and prevents
prices from becoming fully revealing, in addition to sustaining trade
in a market with asymmetric information. The exogeneity associated
with “liquidity” traders is aso a characteristic of most other extant
adverse selection models of trading [notable examples being Glosten
and Milgrom (1985) and Eadey and O'Hara (1987)]. Two substantive
guestions arise: (i) Given that [the extensive applied research uses
comparative statics obtained from these models, how robust is the
analysis to endogenizing the motives of these noise or liquidity trad-
ers? (ii) What is the effect of changes in the economy’s parameters
on the welfare of these agents? The goa of this article is to address
the above issues in the context of a model whose structure is similar
to that of Kyle (1984), except that all traders act as maximizing agents.
The analysis demonstrates that many conclusions in the theoretica
microstructure literature are atered significantly upon endogenizing
the trading motives of the noise traders.

The need to hedge endowment shocks provides a motive for risk-
averse agents to trade even when the market contains disparately
informed individuals® From a rea-world perspective, the trades of
large financial |nst|tut|ons account for a considerable proportion of
the trading volume? In turn, the size of these trades makes them a
significant source of short-run price movements. One can argue that,
commonly, institutional trading does not arise from private infor-
mation about specific securities. However, it is reasonable to expect
these institutions to behave strategically (and in a utility-maximizing
fashion), as opposed to the price-inelastic behavior of noise traders.
To the extent that hedging significantly motivates the trades of these
large ingdtitutions, it then becomes justifiable to model uninformed
agents as strategic hedgers.

! Applications and extensions of the Kyle (1984, 1985) model include Admati and Pfleiderer (19884,

1988b). Foster and Viswanathan (1990, 1991), Caballé (1989), Caballé and Krishnan (1989), Bhu-
shan (1991), Fishman and Hagerty (1989, 1992), Subrahmanyam (1991a, 1991b), Holden and
Subrahmanyam (1992), Chowdhry and Nanda (1991), Paul (1991), and Kumar and Seppi (1990,
1991). For a discussion of regulatory issues based on the Kyle (1984, 1965) paradigm, see Kyle
(1989) and Lindsey (1990).

2 This is exactly the “liquidity” motive of the single trader in Glosten (1989). Hedging is also the
trading motive of the uninformed “liquidity” traders in Grossman and Miller’s (1988) model, which
does not alow for asymmetric information.

3See, for example, New York Stock Exchange (1990), p. 13.
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With the above observations in mind, we replace the noise traders
with risk-averse, strategic agents, who trade to hedge their endow-
ment risk. We analyze the effect of the hedgers trading strategies on
market liquidity, informationa efficiency, and the expected profits of
informed agents. In addition, since the uninformed traders act as fully
maximizing agents, we are able to explicitly study their welfare. Our
model is thus characterized by three classes of agents. First, there are
several risk-neutral informed traders with diverse information. Sec-
ond, there is a market-maker who sets the price equd to the security’s
expected vaue, given the available public information and the order
flow. Third, there are risk-averse traders endowed with nonzero levels
of the asset, who enter the market for pure risk-sharing reasons. The
model alows us to formulate a closed-form solution for the unique
linear equilibrium, whose parameters are expressed in terms of the
hedgers risk aversion, their number, and the ex ante variability of
their endowments. We show that a linear equilibrium exists only if
the vaue received by the uninformed from hedging is sufficiently
large, in contrast to the exogenous noise-trading literature, in which
a linear equilibrium aways exists so long as there is some finite
amount of noise trading.*

Unlike existing models with exogenous noise trading, market
liquidity in the present model may be nonmonotonic in the number
of uninformed traders in the market. Specifically, when the risk aver-
sion of the hedgers is large, adding an uninformed hedger to the
market can, counterintuitively, reduce market liquidity. This occurs
because the increased price variability due to the presence of a greater
number of hedgers causes the hedgers to scale back their trading
activity. As aresult of the above effect, the welfare of each uninformed
hedger may aso be decreasing in the total humber of hedgers in the
market. This result contrasts with the positive relationship between
noise traders welfare (i.e, the inverse of their expected losses) and
the amount of noise trading in extant models.

As the number of informed traders grows without bound in Kyle-
type modes, market liquidity aso becomes unboundedly large, as a
result of increasing competition between informed traders. In the
linear equilibrium of the present model, however, hedgers scale back
their trades in response to an increase in the number of informed
traders, so that increasing the number of informed traders toward
some finite upper bound causes the market to become infinitely illig-

* Glosten (1989) and Bhattacharya and Spiegel (1991) have shown that if the degree of asymmetric
information is too high, markets with maximizing agents may fail to produce any equilibria We
ate, however, only able to show the nonexistence of the linear equilibrium in this article.

309



The Review of Financial Studies /v 5 n 2 1992

uid, and increasing the number of informed agents further causes
the linear equilibrium to disappear.’

We dso find that the welfare of the uninformed hedgers monoton-
icaly decreases in the number of informed traders, despite greater
competition between the informed traders. This result obtains because
the effect of increased price variability, because of the presence of a
larger number of informed agents, aways dominates the benefit of
increased competition ‘between the informed agents. Coupled with
another result of the model that market liquidity may be nonmono-
tonic in the number of informed traders,” this implies that using
market liquidity as the sole measure of the well-being of market
participants may be inappropriate.

In related literature, Laffont and Maskin (1990) and Bhattacharya
and Spiegd (1991) aso develop noncompetitive models of trading
on private information in which all agents maximize a specific objec-
tive function. While every player in these modds is a maximizing
agent, they only analyze the case in which there is one strategic
informed participant and a continuum of competitive uninformed
participants. Our model alows for multiple informed and uninformed
agents and both classes trade strategically. Also, these models use a
Warasian framework, making it difficult to determine whether the
results differ from the rest of the literature because al agents are
utility maximizers or because of the differences in the market-clearing
mechanism. Glosten (1989) uses a market-maker framework without
noise traders, but his model also has only one informed trader, and
therefore cannot be used to address many of the issues analyzed in
the present work.

In a recent paper, Dow and Gorton (1991) present a genera equi-
librium model with overlapping generations, in which liquidity-moti-
vated trade is modeled by assuming that “young” agents invest for
future consumption and “old” agents liquidate their portfolios, while
some “middle-aged” agents become privately informed. In a rationa
expectations framework, they find that profitable informed trading
reduces the welfare of al agents. In contrast, in the partia equilibrium
framework of the present article, liquidity-motivated trade is gener-
ated because agents possess unhedged endowments of the single
security. Also, unlike Dow and Gorton, we assume that informed and
uninformed agents behave strategically. Our model presents a frame-

® The issue of nonlinear equilibria is difficult to address under Kyle's (1984, 1985) structure. This
being the case, we do not consider nonlinear strategies in this article.

® This result also obtains in Kyle-type models with exogenous noise trading, so long as the informed
observe sufficiently diverse signals.
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work for welfare anaysis in a market-maker framework, while their
model uses the Walrasian framework.

Admati and Pfleiderer (1988b), Chowdhry and Nanda (1991), and
Subrahmanyam (1991a) also have attempted to make the trading
behavior of the noise traders strategic. They do this by alowing the
noise traders to switch into whichever time periods or markets min-
imize their expected trading losses to the informed, while constrain-
ing them to trade a specific amount of the securities. In contrast to
this “cost of trading,” we consider the expected utility of the unin-
formed hedgers as the objective function that determines their stra-
tegic behavior.

A summary of the magjor results of this article is given in Table 1.
The remainder of the article is organized as follows. In Section 1, we
provide a closed-form solution for the unique linear equilibrium and
discuss some comparative statics. In Sections 2 and 3, we anayze the
expected profits of the informed traders and the welfare of the unin-
formed hedgers, respectively. In Section 4, we examine the viahility
of concentrated trading equilibria in our model; and in Section 5, we
conclude with a recapitulation of the major results and briefly discuss
some policy implications.

1. The Model

One risky security is traded in the model by three types of agents. k
risk-neutral informed traders who possess diverse information about
the fundamental value of the security, n risk-averse uninformed trad-
ers who trade for pure risk-sharing reasons and are referred to as
“hedgers,” and a competitive, risk-neutral market-maker.” Trading
takes place at time O and the security is liquidated at time 1. The
liquidation value of the security S is given by

S= S+, ¢))

where S is known to dl traders a commencement of trading, and
each informed trader i observes a redlization of the random variable
0 +¢. Therandom variables e, ...,¢,: are mutually independent and
identically normally distributed, each having a mean of zero. Further,
the random variable 8 is aso normally distributed with zero mean,

” We have verified that equilibria can exist with risk-averse informed traders and risk-averse market-
makers, but the conditions for equilibrium are considerablycomplicated and do not yield substantial
additional insight. The conditions for equilibrium in the genera case of a risk-averse market-maker
and risk-averse informed traders are provided in Appendix B. See Subrahmanyam (1991b) for a
model of imperfect competition and risk aversion under the Kyle (1984) structure with exogenous
noise trading.
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Table 1
The del’s main r
Kyle-type Present

Comparative static exercise or conclusion framework framework
A linear equilibrium exists Yes Sometimes
Adding informed traders with identical signals increases

market liquidiry Yes Sometimes
Adding informed traders with diverse signals increases

market liquidity Sometimes Sometimes
Adding uninformed traders increases market liquidity Yes Sometimes
Increasing the ex ante variability of the security’s liquida-

tion value decreases market liquidity Yes Sometimes
The informativeness of the price does not depend on the

level of uninformed tggdlno Yes Yes
The informativeness of the price increases in the number

of informed traders Yes Yes
Adding uninformed traders increases the expected profits

per informed trader Yes Sometimes
Adding informed traders with identical signals increases

the welfare per uninformed trader Yes Never
Adding informed traders with diverse signals increases the

welfare per uninformed trader Sometimes Never
Adding uninformed traders increases the welfare per unin-

formed trader Yes Sometimes
and is independent of e, ..., ¢. We denote var(8) = ¢ and var(e,) =
o, i=1,.,k

Each risk-averse hedger j has an endowment w; of the security. The
analysis assumes that all hedgers have negative exponentia utility
with a common risk-aversion coefficient A, and that w, j=1,...,n, ae
independent of each other and independent of 4, ¢, ..., €. Inaddi-
tion, it is assumed that the w's are identically normally distributed,
with means of zero and variances of ¢2.

The k informed traders and n hedgers submit orders to the market-
maker, not knowing the market-clearing price when they do so. The
market-maker observes the net order flow and then sets the price.
The price is set to equal the expected fundamental value of the
security, conditional on the order flow.

The analysis examines the unique linear (Nash) equilibrium of the
model. Let us denote the total order flow by Q, and the price by P.
Suppose that the market-maker uses a linear rule of the form

P=s+1 Q, (2

where | , the dope of the price schedule, is the usua inverse measure
of market depth or liquidity. Further, suppose that informed traders
use linear strategies of the form B8(é + ¢,) and that al hedgers submit
orders which are linear functions of their endowments, specificaly,
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of the form | w;.. The model yields closed-form solutions to the endog-
enous parameters |, b, and g These solutions are presented in the
following proposition.

Proposition 1. If
A2 nol(Y + 2¢)2 > 4k(Y + ¢), 3)

then the unique linear equilibrium of our trading game is given by

A= AY[(Y + §)V (Y +2¢)2 + ko + [k(n—1)/nly (Y + ¢)]

(1 + Y + 20/ {An 0, (§ + 26) — 2k + &)} (4)
g = [(1 + RB)Y + 2¢){An'%0, (Y + 2¢) — 2[k(Y + $)]V} -
A[k(Y + &)Y + 29)2 + Yo + [k(n— 1)/ nlY (¥ + )]’
and
y = (Q+ kY +2¢ An'?e (Y + 2¢) — Z[k(,/, + 4,)]1/2 ©

n'%,  A[(Y+2¢)* +yké + [k(n—1)/nlW Y + )]

If condition (3) is not satisfied, there does not exist a linear equilib-
rium.

Proof. See Appendix A.

Condition (3) implies that a linear equilibrium exists only if the
risk aversion of the hedgers, or the ex ante variability of their endow-
ments, or their number, is sufficiently high, and the number of informed
traders is sufficiently low. When (3) does not hold, the market-maker
finds that linear price schedules cannot induce trading strategies that
cause the price to equal the security’s expected value given the aggre-
gate order flow. The problem occurs because, when (3) fails to hold,
the informed traders activity overwhelms that of the hedgers, causing
the market-maker to incur systematic losses. The restrictions imposed
by Proposition 1 contrast with the results in a Kyle-type model, in
which a linear equilibrium always exists.

In the remainder of the article, we discuss various comparative
statics. Note that changing parameter values can cause the direction
of the inequdity in (3) to reverse, thus precluding the existence of
a linear equilibrium. Since we confine ourselves to the linear strategy
space in this article, the comparative statics presented in the remain-
der of the article should be interpreted as applying only to parameter
spaces under which (3) holds.
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1.1 Equilibrium analysis

The proposition below lists the comparative statics associated with
| . Following the proposition, we provide a discussion that illustrates
the intuition behind our results.

Proposition 2. (i) | is monotonically decreasing in A and &2,
(ii) There exist nonempty sets of exogenousparameter values under
which | is nonmonotonic in n, k, f, and .

Proof. To prove the first statement, differentiate (4) with respect to
the relevant variables. For a proof of the second statement, we offer
the following examples.

Example 1: A is nonmonotonic in n. Set k=5, A=2,0,=5,¢ =
0,and y = 1. Then A(n = 1) = .022, A\(n = 2) = .045, and A(n = 3)
= 042.

Example 2: A is nonmonotonic in & Set n =5, A= 2,0, =25, ¢
=0,and Yy = 1. Then A(k = 1)'= .09804, A(k = 6) = .09232, and A(k
= 10) = .09688. .

Example 3: A is nonmonotodic in ¢. Set n=5, k=10, A= 4,0, =
2,and ¢ = 1. Then A(¢ = 0) = .081, A(¢p = 2) = .086, and A(¢ = 10)
= .077.

Example 4: A is nonmonotonic iny. Set n =5, k=5, 4=2,0, =
1.5,and ¢ = 0. Then A(y = 1) = 278, A(y = 2) = .248, and A(Y = 3)
= .261. u]

Intuitively, if the parameters A and ¢2, are high, hedgers are willing
to bear more expected losses to informed traders, and this serves to
lower | . An increase in n increases price variability, so that hedgers
wish to scale down their trades, However, the potential adverse price
impact of trades declines if there are more uninformed traders, so
the uninformed wish to trade larger quantities. Now, if hedgers are
highly risk averse, the first effect may dominate, so that | may increase
in n. This is confirmed in Figure 1, which shows that, under the stated
parameter values, if A =7, then | increases in n for part of the range
of n in the figure; whereas for A = 1.4, | decreases in n.

Proposition 2 provides the counterintuitive result that having more
uninformed traders is not necessarily desirable from the point of view
of market liquidity (i.e.,, adding another risk-averse trader to the mar-
ket can actualy cause market liquidity to decling). In contrast, for
both Kyle-type models and the model of Glosten and Milgrom (1985),
the slopes of the price schedules (respectively, bid-ask spreads) are
monatonically decreasing in the variance of noise trading (respec-
tively, the proportion of uninformed traders in the market).

An increase in the number of informed traders k has three effects
on | . First, it increases competition among informed traders, and this
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Figure 1

Equilibriom liquidity parameter A versus number of uninformed hedgers »

The parameter values used are k= 11,0, =5, ¢ =0,and ¢ = 1.

tends to increase market liquidity. Second, raising k increases the
amount of information represented in the order flow, which tends to
reduce liquidity. This results from the fact that when the informed
traders observe diverse signals, adding another informed trader
increases the informational content of the pool of private information
in the market. If the informed traders all observe the same signa (f
= 0), then this second influence disappears and only the competition
effect operates. In fact, it is shown in Admati and Pfleiderer (1988b)
that if informed traders al observe the same signa, | declines in the
number of informed traders (under exogenous noise trading).

The third effect of k on | is unique to our model. As the number
of informed traders increases, the hedgers become concerned about
the increased adverse price impact of their trades and the increased
perceived variability of the price. If they are sufficiently risk averse,
their trading intensity is high, implying that adding another informed
trader will not add much to the price variability. As a result, the
increased competitiveness among the informed traders causes the
market’s liquidity to increase. Conversdly, if the hedger’s risk aversion
is small, they do not trade large quantities. Therefore, adding another
informed trader causes the price variability to rise so much that the
uninformed hedgers trade even less intensdly, leading to an increase
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The parameter values used are n= 5,0, =2, ¢ =0,and ¢ = 1.

in | . These phenomena are illustrated in Figure 2, which shows that
under the stated parameter values, if A = 5, | decreases in k, while
if A=2, 1 increasesin k. [Note that f = 0, so that informed traders
al observe the same signd; yet for A = 2, | is increasing in k, in
contrast to the model of Admati and Pfleiderer (1988b).]

The comparative statics associated with f can be explained by not-
ing that if the variance of noise in the informed traders signals f is
reduced, their signals become more homogenous, increasing the
competition between them and thereby decreasing |. However, the
decrease in f also implies that their pool of information is more
precise, and this serves to increase | . These competing effects lead
| to be nonmonotonic in f. A similar intuition can be given for the
comparative statics associated with .

While | is nonmonotonic in n, k, f, and ¢  for small values of the
model’s parameters, the limiting results are unambiguous, as the
following corollary demonstrates.

Coroallary to Proposition 1. The market becomes infinitely liquid

(I goes to 0) as either f or n go to infinity, and becomes infinitely
illiquid (I goesto infinity) as ¥ goesto infinity. For some finite k, say

316



Noncompetitive Hedging

k* , as k goes to k* the market becomes infinitely illiquid (I goes to
infinity), and for k > k* a linear equilibrium does not exist.

Proof. For the statements regarding n, f, or ¥, take the appropriate
limits of (4). To see the proof for the statement regarding k, note
that as k goes to some value k*, the denominator of (4) goes to zero,
while the numerator goes to a finite value. Also note that for k > k*,
condition (3) will not hold. a

Notice that in a Kyle-type model with exogenous noise trading,
increasing k eventualy adds to market liquidity, and in the limit the
market becomes infinitely liquid, because the competition effect
eventually dominates. Here, however, the opposite happens. Part of
the reason for this is that as the insiders compete with each other
they add to the price uncertainty a which trades are conducted. As
this added uncertainty increases with k, it eventualy causes the unin-
formed to decrease their trading intensity, thereby reducing liquidity.
In contrast, the results regarding n and f closely parale those of a
typical noise-trading model. As f gets large, the degree of informa-
tional asymmetry in the market decreases, allowing liquidity to
increase. In a similar vein, increasing the number of uninformed
traders eventualy creates sufficient hedging demand, so that the mar-
ket-maker can move | toward zero.

An interesting possibility in our model is that a hedger may choose
to more than offset his endowment by trading from an initia long
position to a short position or vice versa (i.e,, he may wish to “over-
hedge” himself).2 At first glance, this result seems counterintuitive
because the hedger faces adverse selection in the pricing and, fur-
thermore, moves the price when he trades. However, the phenom-
enon may occur in our market because the hedger faces two correlated
sources of risk: both the fundamental value of the security S and the
transaction price P are uncertain. To gain more intuition, observe
that the variance of a hedger’'s payoff can be written as

var[(y, + w)S = y,P] = (3, + w) + yivar(P) — 2y,w,cov(P, 8)
— 2y3cov(P, ),

where y; and w, denote the trade and the endowment of the hedger,
respectively. Note that by taking on a larger position y;, the hedger
increases the weight placed on the last covariance term in the above
expression. In other words, the hedger is able to better exploit the
positive correlation between the price and the fundamental value of

8 We thank the referee for bringing this possibility to our attention.
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the security by taking on a larger absolute position. Of course, in
doing so, he also increases the weight on the price variance term and
the adverse price impact of his trade. However, if if cov(p, 8) is suffi-
ciently large, it may benefit the hedger to hedge more than his endow-
ment.

From (6) it can be shown that a hedger overhedges (i.e, | < -1)
whenever

kA2 G2 (Y + ¢)/n[(1 + B + 2¢F > 4. @)

Parameter values can easily be found under which the above con-
dition holds. For example, if a,=2,A=5,k=1,¢¥=1,and ¢ =0,
then each hedger overhedges whenever there are less than a total of
seven hedgers in the market. Ceteris paribus, the correlation between
the price and the value tends to be large whenever the number of
hedgers is small relative to the number of informed traders. In keep-
ing with this observation, condition (7) indicates that the tendency
for hedgers to overhedge themselves is strong when n is small relative
to k.

1.2 Equilibrium informational efficiency

It is of interest to calculate the posterior variance of the security’s
termina value var(8|P) = var($| Q),: an inverse measure of the infor-
mational efficiency of the price. Now

var(8| Q) = var(&‘:kﬂé +B8 ety wj)

i=1 J~1

__ Y(kB¢ + nylal)
kB*(ky + @) + nyiel’

Substituting for b and g from (5) and (6), respectively, we have

v + 2¢)
1+ kW + 2¢°

var(é| P) =

The expression for the posterior variance is startlingly smple and
does not involve any of the parameters associated with the hedgers
(i.e, A o2, and n). This is because of the assumed risk neutrality of
the informed traders, who scale their activity proportionately upward
or downward in response to a change in any of the above variables.
This result is identical to that in Kyle (1984, 1985), in which the
uninformed (noise) demand is exogenous.

® This invariance result would not obtain if informed traders (or market-makers) were risk averse
[see Subrahmanyam (1991b)].
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2. Expected Profits from Informed Trading

In this section, we andyze comparative statics associated with the
expected profits per informed agent. Instead of directly calculating
the (ex ante) profits of the informed traders, note that the uncondi-
tional expected losses of the hedgers are given by

E[(P -9 E -yw,] = Anvy?s2.
F=1

The above expression must equal the aggregate expected profits of
the informed traders, since the market-maker earns a zero expected
profit.*® Substituting for g and | from (6) and (4) and dividing by k,
the expected profits of each informed trader, denoted by p, are giv-
en by

. w[np + ¢]" Y Ane,(f + 2¢) — 20k + )]V
k A[(Y+2¢)2 + Yk + k[(n—1)/nly(Y + ¢)]

The following proposition provides comparative statics associated
with the equilibrium expected profits of each informed trader.

(8)

Proposition 4. (i) The equilibrium expected profits per informed
traders increase in A and 2.

(ii) There exist nonempty sets of exogenousparameter values under
which the equilibrium expected profits per informed trader can be
nonmonotonic in n.

Proof. The proof of (i) is obtained by differentiating (8) with respect
to the relevant variables. For proving (ii), the nonmonotonicity of
the expected profits in n, consider the following parameter values. k
=3,A=6,0,=2,¢=0,andy¢ =1. Thenx(n=1) = 821, x(n =
2) = .520, and x(nz = 3) = .556. o

From Proposition 4, if the risk aversion of the hedgers or the vari-
ance of their endowments increases, the profits per informed trader
increase. This is in keeping with the intuition provided earlier for
the comparative statics associated with | . The intuition for the non-
monatonicity of the profits in n is identical to that provided for the
effect of n on | following Proposition 2. Again, result (ii) of Propo-
sition 4 contrasts with that obtained in a model with exogenous noise
trading.

19 At this point, it might appear possible to endogenize the number of informed traders by introducing
acost for acquiring information. However, since the linear equilibrium does not exist for all values
of k, the number of informed traders, specifying the equilibria for al possible parameter spaces,
becomes difficult when information acquisition is endogenous. Therefore, we do not endogenize
information acquisition in our analysis.
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3. Welfare of the Uninformed Hedgers

It is of considerable interest to examine the welfare of the uninformed
in equilibrium, since microstructure literature has paid little attention
to fully modeling the activities of such traders. From (A4) and (A5)
of Appendix A, the hedgers mean-variance utility function in terms
of gand | is given by

5w wihe s A @2y T
M= Sw, w,{)\'y +2|:(l+k)¢+2¢+1]¢/}

i Mesl 1 Navegzin -
w,2{7k¢[(1+k)¢+¢] + Ny4e2(n l)]. )]

The following proposition describes comparative statics results asso-
ciated with the expression for m.

Proposition 5. (i) M is monotonically decreasing in k and .
(ii) There exist nonempty sets of exogenousparameter values under
which M is nhonmonotonic in n and f.

Proof: Define the quantity EU = (M — S’w,)/ w?. Substitute for | from
(4) and for g from (6) into the expression for EU. After some straight-
forward but tedious algebraic simplification, it can be shown that

n—

1
e AU ¢)]

sign [%g] = —sign{(nl« +@)EY +2¢)* + [¢¢ +

X [Ame, (g + 26) — (kY + ¢)1"Z]}, (10)

and that the sign of EU/d4y is unambiguously negative. From (3),
the sign of dEU/dK is also necessarily negative in the linear equilib-
rium, so that dM/dk is necessarily negative, completing the proof of
(). For proving (ii), consider the following examples.

Example 1: Set k=5,A=2,0,=3,¢ =0,and ¢ = 1. Then EU(n
= 1) = —0.7454, EU(n = 3) = —0.8685, and EU(n = 5) = —0.8667.

Example 2: Set k=50, A= 9,0, =25, n= 1, and ¢ = 1. Then
EU(p = 0) = —2.828, EU(¢ = 1) = —4.028, and El(¢p = 4) =
—3.504. o

The result (i) of Proposition 4 implies that the welfare of the hedg-
ers unambiguously decreases as the number of informed traders in
the market increases. An increase in the number of informed traders
increases the variability of the price, which reduces the effectiveness
of the uninformed traders hedging strategies. The offsetting effect,
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that of intensified competition between informed traders, is aways
dominated by the price variability effect.

The intuition for the nonmonotonicity of M in n is as follows. As
explained in the discussion following Proposition 2, an increase in
n decreases the price impact of the hedgers trades, but aso increases
the variability of the price. If the hedgers risk aversion is low, the
former effect dominates and increases the hedgers welfare: whereas
if their risk aversion is high, the latter effect dominates and decreases
the hedgers welfare. Figure 3 shows this result by plotting EU as a
function of the number of uninformed traders n. Under the specified
parameter values, for A = 2.5, EU increases in n, while for A = 6, EU
decreases in n.

An increase in the number of hedgers is therefore not necessarily
beneficial to the hedgers. This result is in contrast to existing models
based on Kyle (1984, 1985), in which larger amounts of noise trading
unambiguously decrease the expected losses per noise trader, since
these losses monotonically decline in the liquidity of the market.
Changes in ¢y and f also produce opposing forces, as explained in
the discussion following Proposition 2, which explains why increas-
ing their values induces ambiguous benefits to the hedgers.

In a Kyletype model with exogenous noise trading, the welfare of
the noise traders (i.e., the traders expected loss to informed traders)
is monotonic in the dope of the price function set by the market-
maker. Figure 4 demonstrates that when the noise traders are modeled
as maximizing agents, this monotonicity property is lost. From this
figure it can be seen that, while the welfare of the hedgers is mono-
tonic in k, market liquidity | is nonmonotonic in k. In genera, there-
fore, changes in | do not trandate directly into changes in the hedger's
welfare. This indicates that examining changes in summary param-
eters such as market liquidity to measure changes in the well-being
of market participants is a less than perfect substitute for an explicit
welfare analysis.

. On the Viability of Concentrated Trading Equilibria

Pagano (1989), Admati and Pfleiderer (1988b), and Subrahmanyam
(1991a) present models where concentrated trading benefits the
uninformed agents. We now show that this result may not obtain in
extensions of our model to multiple markets or to an intertempora
setting and that, in fact, trading in a dispersed manner may make
hedgers better off relative to concentrated trading. First, consider the
case of multiple markets. Specificaly, suppose there are two markets
for the same security, whose liquidation payoffs are given by (1). Also
suppose that market-makers in one market cannot observe the order
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Figure 3
An affine transformation of the expected utility per hedger versus the number of hedgers
The parameter values used are k= 1,0, =1, ¢ =0,and ¥ = 1.

flow in the other market, and that there is one hedger and one informed
trader in each market. Informed traders are constrained to trade in
their respective markets, while the two hedgers have the discretion
to choose between one of the two markets. Further, assume that y =
1, f =0, and that both hedgers have a risk-aversion coefficient of 6
and independently distributed endowments, each with a mean of zero
and a variance of unity. These parameter values correspond to those
in Figure 3. Examining this figure, it is clear that it is an equilibrium
for the two hedgers to trade in different markets and achieve an EU
of - 1, since if one of them deviated and traded on the same market
as the other hedger, he would achieve an EU of -1.5. Further, a
situation in which both hedgers trade on one market cannot be an
equilibrium, since one hedger would find it advantageous to deviate
and trade in the other market."

The result that hedgers may be better off trading in a dispersed
fashion contrasts with Pagano (1989), who demonstrates that trading
may occur on separate markets even though concentration in a single

1 We assume here that agents change their strategies in a consistent fashion in response to a deviation
by a particular agent.
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Figure 4

An affine transf ion of the exp d utility per hedger versus the number of informed
traders
The parameter values used are A=2.7,n=5,0,=2,¢ =0,and y = 1.

market Pareto dominates trade on separate markets because of the
“positive feedback” between the number of traders and market liquid-
ity. By contrast, here, the “positive feedback” may not obtain; an
increase in the number of hedgers may make hedgers worse off.

Consider now a two-period setting in which the liquidation vaue
of the security is given by

S=S+8,+ 6, (11)

Each innovation 6, is revealed after the t th round of trading. Further,
8, and §, . are independently normally distributed with a mean of zero
and variances of y; and y , respectively. There is one informed trader
who learns precisaly the redization of 6, (and trades in period 1),
and one informed trader who learns precisely the redlization of &,
(and trades in period 2). Now, suppose that two equally risk-averse
hedgers receive independent and identically distributed endowment
shocks with a mean of zero and a variance of ‘o2, before trading takes
place a time 1.” The question we now ask is whether a particular

12 The assumption that hedgers do not receive any endowment shocks after the commencement of
trading facilitates tractability by preserving the normality of the hedgers' payoffs, which enables us
to apply the mean-variance framework to this intertemporal example.
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hedger can be better off by maintaining an unhedged position between
rounds 1 and 2 and trading in round 2, relative to a situation in which
he trades in round 1 aong with the other hedger. The answer to the
above question is in the affirmative so long as y , is sufficiently low,
so that the cost of maintaining an unhedged position is not too high.
In fact, under the parameter values 4= 8,0, =1,¢,=0.6,and ¢, =
1, minor variations of the calculations in Sections 1 and 3 show that
the unique linear equilibrium, up to a relabeling of the hedgers,
consists of the two hedgers trading in different periods. Thus, in
variants of our model, uninformed agents may not wish to concentrate
their trading intertemporally.

. Summary and Concluding Remarks

We have considered a model of trading that alows for strategic behav-
ior on the part of both the informed and the uninformed traders. The
uninformed trade for pure risk-sharing reasons, while the informed
trade to acquire expected profits. Since the uninformed agents are
not modeled as “noise” or “liquidity” traders but rather as rational,
maximizing agents, we eliminate an exogeneity associated with most
previous trading models. This modification also allows us to explicitly
analyze the welfare of the uninformed agents.

In the article, we provide severa conclusions that differ from those
obtained in models with “noise” traders whose demands are unmaod-
eled. For example, in this article: (i) market liquidity is nonmonotonic
in the number of uninformed agents in the market; (ii) concentration
does not necessarily benefit the uninformed agents, in the sense that
adding another uninformed agent may decrease the expected utility
per uninformed agent; (iii) increasing the number of uninformed
agents may decrease the profits of the informed agents;, and (iv) the
welfare per uninformed agent monotonically decreases in the number
of informed agents. Results (i) and (ii) indicate that the positive
relationship between the number of uninformed agents and their
welfare, which leads to “economies of concentration” in models with
exogenous noise trading, may not obtain in a setting in which al
traders are maximizing agents, Kyle (1984) finds that the expected
profits of agents gathering costly information monotonically increase
in the number of “noise” traders. Drawing on this result, he concludes
in subsequent work that “a regulator seeking to increase the infor-
mativeness of the price should attempt to increase the informativeness
of the price by attracting more noise traders, not by driving noise
traders away” [Kyle (1989), p. 160]. In light of our result (iii), the
above conclusion should be interpreted more cautiously. According
to result (iv), policies designed to encourage competition between
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informed traders (e.g., by reducing the cost of acquiring information),
presumably in order to increase market liquidity, have an unambig-
uoudy deleterious effect on the welfare of uninformed hedgers.

In a market-orders setting, our anaysis formalizes the notion that
the trading strategies of risk-averse agents are influenced significantly
by the perceived volatility of prices in the market.”® The analysis also
indicates that using market liquidity as the sole measure of the welfare
of market participants may be mideading.

As a final remark, the results presented here indicate that compar-
ative statics results can change significantly when the “noise” or
“liquidity” traders are modeled as maximizing agents. Postulating the
existence of noise traders with exogenous demands, therefore, is not
solely a convenient modeling device designed to facilitate tractability.
We have demonstrated that it is an assumption whose relaxation aters
many of the basic results and, consequently, also influences policy
implications derived from a market microstructure model.

Appendix A: Proof of Proposition 1

The informed traders maximize their individual profits in a Nash
fashion. Suppose that each informed trader i conjectures that other
informed traders will submit an order B(8 + ¢,), { # i, : and that each
hedger will submit an order yw,, j=1,...,n.* Let x, denote the order
submitted by this informed trader. The profits of this informed trader
are given hy

(S +5)x,—x,(§ +>\x,+)\2x,+)\2'yw,). (A1)
LX) J=1
Taking the expectation of the above expression conditional on & +
¢,, differentiating the resulting expression with respect to x;, and
equating the result to zero yield

v oy
¢+¢(6+e,) 2Ax;, — A(k 1)3¢+¢

Note from the above expression that it is required that the slope of
the price schedule | be positive to satisfy the second-order condition

b6+¢)=0 (A2)

3 A recent NYSE publication describes how the exchange has attempted to address the concern
among market participants that stock prices are excessively volatile in the short term [see New Y ork
Stock Exchange (1990)].

¥ |t is straightforward to show, using symmetry arguments, that the unicue linear equilibrium is one
in which al informed traders use symmetric linear strategies, as do the hedgers.
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of the informed trader. Solving (A2) for x;, we have

x,= (0 + e)P(1 — Ak — 1)B)/2A{Y + ¢).

Let x, = B(8 + ¢). We can solve for the Nash equilibrium by setting
B =g

B=v/NQA + &)Y + 20). (A3)

Notice that the hedgers strategies have no effect on the informed
traders’ positions for a given |, since the hedgers endowments have
an ex ante mean of zero and are uncorrelated with the informational
variables 6, and ¢, . . ., ¢,.

Let hedger j's order be denoted by y,. Suppose that this trader
conjectures that each informed trader i will submit an order B(& +
¢,), and that the other n - 1 hedgers will submit orders Yw,, p # j.
This hedger’s payoff V, is given by

V,= (S + 0y + w)

- y,(g + kBAS +iBN D e, + Ay, + A D 7wp). (A4)

i=1 F1y

Conditiona on this hedger's endowment w;, V; is normaly distrib-
uted. By virtue of the assumption of exponentia utility, we may max-
imize the following mean-variance function (denoted by M):

M=E(V]w,) — S5Avar(V|w). (AS)
Substituting for V; from (A4) into the above expression, differenti-
ating with respect to y,, and setting the resulting expression to zero
yield
B AY(1 — AR w,
2N + A1 — Aef)? + kPNB? + N(n — 1)¥%02)
Now suppose that y, = yw, Setting¥ =<, we obtain the following
cubic equation in g
ANy (n — 1)o2 + v[AkPAB? + AY(1 — AkB)? + 2]
+ AY(1 — AkB) = 0. (a6)

As the following analysis shows, the above cubic equation can be
manipulated to produce closed-form solutions for the modd’s endog-
enous parameters—- |, b and g

By the zero-profit condition and the fact that the order flow,

k. n
Q= 2 x; + 2 Yy
j=1

=1

Y, =
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is normally distributed, the slope of the price schedule | is given by
the linear projection of & on Q, A = cov(s, Q)/var(Q). Substituting
for the order-placement strategies of the informed traders from (A3)
into the above formula for the linear projection, we have

kYA(Y + @) = nya2[(1 + b)Y + 2¢P. (A7)

Thus, it is necessary for equilibrium that | > O (recal that a positive
| is required to satisfy the informed traders second-order conditions)
and that

v = 2[eY2 (Y + )]/ nNe [(1 + B + 29). (A8)

Since, from (A3), 1 - A&B :is positive, it is evident from (A6) that g
must be negative. Substituting for g from (A8) (taking the negative
sign) into (A6) yields a linear equation for g, the solution of which
yields (6). Substituting for g into (A8) and solving for | yidds (4).
Finally, substituting for | into (A3) yields (5).

Appendix B

This appendix provides equilibrium conditions for the more genera
case of risk-averse informed traders and a risk-averse market-maker,
without attempting to solve the resulting modd. It will become evi-
dent that closed-form solutions are not possible for the genera case.

B.1 Risk-averse informed traders

Suppose that risk-averse informed traders have exponential utility
with a risk-aversion coefficient of A. The informed trader i's payoff
is given by (Al). Conditional on the informed trader’s signd & + ,,
his payoff is normally distributed. Denote his payoff as Pr. Then,
maximizing the mean-variance function E(Pr) — (A,/2)var(Pr) with
respect to x,, and solving for the equilibrium by setting x, = 8(6 +
¢) and B = 8, we have

B=[1— Ak~ DB/ + $)]
X (24 + 4,[1 = Ak — DBFo¥/@ + ¢)]
+ ANBHE — D + ANnYeZ) (B1)

which is a cubic equation in b for given | and g

B.2 Risk-averse market-makers

The modeling of risk-averse market-makers follows Subrahmanyam
(1991b). A single market-maker with exponential utility and a risk-
aversion coefficient A, is, for simplicity, constrained to take the entire
order flow and, because of Bertrand competition, is constrained to
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earn zero expected utility conditional on the order flow.” This implies
that prices are set such that

E[Q(P — F)| Q] = (A,/2)var[Q(P — P)|Q]. (B2)

Prices are set according to the linear rule P = S + | Q. Substituting
this rule into the left-hand side and right-hand side of (B2), and then
substituting for the order flow Q in terms of b and | , we have

_ kBY + (A /DU(kB* + nviod)
kB (kY + ¢) + nyiel '

B.3 Equilibrium conditions

Note that the equation describing the optimal | for each uninformed
hedger in terms of | and b remains unchanged from Equation (A6).
Thus, the equilibrium is described by the system of three nonlinear
equations- (B1), (B3), and (A6)- in three unknowns- b, g, and |.
It is evident that closed-form solutions for the system are not obtain-
able.

A

(B3)
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