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1. INTRODUCTION

Trading suspensions in advance of material news disclosures are a com
phenomenon on visible stock exchanges such as the New York Stock Exche
(NYSE) and Nasdag. These exchanges require firms to disclose significant nev
the exchange prior to public disclosure of that news, whereupon trading in a gi
stock is suspended until the news becomes public knowlkkdhe. existence of
such disclosure rules and impediments to trade remains a puzzle from a theore
standpoint. In this paper, we present a model that provides a rationale for disclo:
rules and trading suspensions and analyze their effects on investor welfare an
liquidity of financial markets. Our starting pointis the observation that when marl
makers are unaware that a significant news announcement is imminent, they
lack enough information to accurately compute the payoff variance (which prox
for the severity of adverse selection in the market). Our analysis of the equilibril
in such a setting indicates that uncertainty over the variance can lead to veryiillic
markets unless the exchange implements a policy which involves firms report
to the exchange whenever the variance of private information is high, whereu
the exchange may choose to suspend trade.

In fact, we find that disclosure rules may be necessary for markets to open a
This is illustrated by considering a situation in which, without a disclosure rul
the degree of asymmetric information is so high that the only equilibrium involv
no trade. When a disclosure rule is introduced, however, trading does occur u
some states. Although the market closes whenever the firm reports to the exch
that the amount of private information is high, it remains open when there is
such report; theabsenceof a report conveys information to the market make
that the variance of private information is low. In this scenario, it is evident th
disclosure rules are welfare-enhancing. More generally, in instituting an optir
disclosure policy, an exchange faces a trade-off. On the down side, a stricter pc
increases the probability that traders will be forced to maintain unhedged positi
(“unbalanced portfolios”), since the market may be closed more often becaus
severe asymmetric information. Positively, however, a stricter policy also increa
liquidity whenever the market is open, thereby providing better terms of trade. !
demonstrate that the optimal reporting cutoff balances these two effects, and
under reasonable parameter values, there exists a cutoff that increases ex
investor welfare.

Our paper, by analyzing an equilibrium in which the informed agent has priv
information about both the mean and variance of a normally distributed as
payoff, also contributes to market microstructure methodology. Indeed, in ¢
setting we find that the linear equilibria extensively considered in the literature
not exist. Furthermore, the derived function is convex for small trades and conc

3 Leeetal.(1994), and Christiet al.(1999) provide institutional details of such trading suspension
on the NYSE and Nasdagq, respectively. They find that there were more than 500 “news-pend
trading suspensions on these exchanges in the sample period of one year that they consider.
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for larger ones. Intuitively, this result arises from the way market maker’s upds
their beliefs. For very small trades the price does not move very much, sir
the market maker takes these trades to imply that the variance of the invest
information is small. However, for the larger trades, the market maker revises
beliefs about the variance upward, and the curve steepens. The concavity in
equilibrium price schedule is consistent with that documented by Madhavan ¢
Smidt (1991) and Hasbrouck (1991) for NYSE stocks. We also find that the pri
variance following a trade depends upon the size of the transaction, or equivalel
the absolute price change in response to a trade. In our model, the result obt
because a high trader demand implies that the private information likely obta
from a high variance event. The conditional variance of the price based on
trader demand thus increases in trade size.

Previous papers on the feasibility of trade (e.g., Bhattacharya and Spiegel, 1¢
and Glosten, 1989) assume that the informed investor draws his private inforr
tion from a normal distribution with a known mean and variance and finds that
the variance of the informational variable exceeds a critical value, the only feasi
equilibrium involves no trade. We relax the common knowledge assumption
the distribution’s variance, and find that markets cannot open if the market mak
agent attachemny positive probabilityo the event that the variance of the informed
investors’ information exceeds an endogenously calculated upper bound. Thi
a stronger result than what has been derived in the earlier literature and indic
that market breakdowns can be far more common than what the Glosten (1¢
and Bhattacharya and Spiegel (1991) papers suggest. For this reason, our se
is an ideal one to rationalize the relatively frequent trading suspensions on NY
and Nasdaq and why these visible and successful markets have news disclc
policies in place. The same intuition may also help to explain why events in o
market (such as the default by Russia on its bond) can trigger a liquidity crisis
other markets. If an eventin one market makes people sufficiently suspicious at
the variance of information held by others in another market, trade may simj
cease.

In principle, one might consider a rule that requires firms to report any infc
mation that will move the stock price by more than some amount. However, wh
it is easy to discuss such a rule, it would be very difficult to apply. For the ma
part agents do not know the exact amount by which a particular news story v
impact a stock’s price. Even worse, sometimes it is not clear if a news event v
move a stock’s price up or down. Take for example, the news that Intel came
a settlement with the government regarding its anti-trust litigation. Prior to tl
announcement it was impossible to tell if this would be viewed as good or b
news by the market or if the impact would be large or small. The actual price mc
depends upon market expectations and this is difficult to know ahead of tin
However, while it may be difficult to write an enforceable rule that tells a firm t
disclose any information that will have a large price impact (e.g., cause the st
price to move by more than 20%), it is easy to write a rule that simply requir
the disclosure of particular types of infomation (such as quarterly earnings). C
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model suggests that such rules may be sufficient to ensure market liquidity, so |
as the rules require the disclosure of “high variance” types of information. Th
when crafting a disclosure rule neither the firm nor the exchange needs to ki
in advance the exact impact of a piece of information on the stock’s price. All tf
is necessary is the knowledge that the information will on average cause a I
price swing one way or the other.

We consider an extension of the model to allow for multiple securities a
exchanges. This part of the analysis yields the cross-sectional implication th
high variance in one security should be followed by a high variance in anotl
security whose private information variance is positively correlated with that
the first (e.g., a stock in the same industry). The analysis also suggests th
such related securities are traded on different competing exchanges, the rest
news disclosure policies will usually be socially inferior to those in a consolidat
exchange structure.

We begin with the reasonable premise that an exchange’s objective is to n
imize the ex ante expected utility of the investors trading on its floor. Since st
exchanges do not consider the influence of their rules on investors trading in o
markets, they may set a disclosure policy that is suboptimal. Our analysis sugg
that this result depends upon the degree to which the adverse selection in m:
A is correlated with that in market B. Intuitively, if the degree of correlation i
high, the knowledge that market A has not closed implies to the market mak
in market B that they probably face a low degree of adverse selection. In tu
this increases the liquidity in market B when exchange A is open. A consolida
exchange can take these cross-effects into account and can therefore imple
a superior policy. This indicates that empirical evidence comparing the leniel
of one exchange’s policy with another cannot providiena facieevidence as to
the efficacy of the news disclosure policies. It is possible for the exchange w
the tighter rules to provide a superior trading environment from the perspective
social welfare.

Several other papers have departed from the standard assumption of
mally distributed private information, though in different contexts. Foster ai
Viswanathan (1993) consider elliptical distributions; Kumar and Seppi (1994) ¢
amine a model of “arbitrage gaps” between an index futures contract and
underlying stocks, in which thprecisionof the heterogeneous signals receives
by market makers at different geographic locations is private information; Fors
and George (1992) and Lindsey (1991) analyze models in which market mal
possess superior information about the variance of “noise trading” in the marke
contrast, we examine how the inference problem of the market makers is affe
when only thanformed investoknows the ex ante variance of his signal.

This paper is organized as follows. The next section discusses the basic m
and characterizes its equilibrium. Section 3 applies the analysis to news disclo
policies and trading suspensions. Section 4 analyzes the case of multiple secur
Section 5 concludes. The proofs of all propositions, unless otherwise stated, ap
in the Appendix.



NEWS DISCLOSURE RULES 367

2. THE BASIC MODEL

2.1. The Economic Setting

The model of this section uses a structure which resembles that of Bhattach:
and Spiegel (1991), Bhattachargial. (1995), and Glosten (1989). A single rep-
resentative investor with negative exponential utility and a risk aversion coefficie
A trades a risky security and a riskless bond over a single period. Trading ta
place in period 1, and in period 2, the risky security paysn. The variabley
is normally distributed with a mean of zero and a variance,]%)fThis variable
allows the model to capture the idea that information flows which cannot be ant
ipated by any agent in the model arrive continually. The temapresents private
information known only to the investor. Conditional on knowing its variange
the value ofe follows a normal distribution with mean zero. After periodel,
becomes public knowledge. Thus, one can conceptuatze for example, a new
product announcement about which the trader has advance knowledge relati
the market. Period 1 represents trading prior to the announcement, and peri
the closing out of positions after the announcement.

As discussed in the introduction, a central premise of the analysis is the obse
tion that when market makers are unaware that significant firm-specific annour
ments are imminent, they will lack enough information to accurately compute t
degree of adverse selection in the market (proxied by the variarg¢elife model
therefore departs from the standard rational expectations framework by assun
that, from the perspective of the market maker, the ex ante variards cdndom
with a density functiorg(o?), whose support is bounded above by a numtger
Thus, atthe start of the game, the market maker does not know either the realize
or the variance of.

Note that in this paper, the uncertainty about second moments derives from
unknown variance of the private information variabldn this respect, the paper
differs from Kumar and Seppi (1994) and Forster and George (1992), in whi
informed traders possess superior information about the variance obitein
the private information signal, and the variance of noise trading, respectively.

To motivate trade in the presence of asymmetric information, we assume t
the trader has a hedging motive as well as an informational motive for trade. Sc
papers (e.g., Diamond and Verrecchia, 1981) model this motive by assuming 1
informed traders have an unhedged endowment of the risky asset. Here we n
the mathematically equivalent assumption that the trader rsoloiéts of a non-
tradeable asset (human capital, for instance), which has a payoff that is correl
with that of the tradeable risky asset (our approach is similar to that adopted
Bhattacharya and Spiegel, 1991, and Bhattacheryd, 1995). Since the corre-
lation between the traded and non-traded asset is not the focus of this paper
analyze the case in which the payoff on the non-traded asset is perfectly correl:
with the tradeable risky asset, though our results are robust to the imperfect co
lation case as well. From the perspective of all other participants in the market,
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investor’s stock of the untraded assetis normally distributed with variancg?.

To avoid notational clutter, the model also assumes that the investor begins
zero units of the tradeable risky asset and the bond. None of the model’s prirr
conclusions are changed if one relaxes either of these supply related assumpt

Trading takes place in a market populated by competitive, risk neutral mar
makers. These market makers stand ready to execute orders as they arrive
exchange. Upon seeing an order they each submita price at which they are willir
partake in a position opposite that of the order. The set of potential prices incl
the entire extended real line, so quotes of plus or minus infinity for particul
guantities are possible. Allowing the market makers to quote infinite prices allc
them the strategic option of refusing to trade if they so desire. After seeing
price offered by the market makers the trader can then either go through with
trade or cancel it. In the event that the trader decides to cancel the order he sir
retains his initial endowment.

Since the market makers are all identical, the model assumes that if they sul
identical price quotes in response to any given trade, then they split the or
evenly. Altering either assumption will not have any impact on the analysis
long as one assumes that no individual market maker will be assigned enoug
the order flow to negate the assumption of competitive behavior. In period 1,
aggregate pricing function maps the order submitted by the invsitato a price
P(X). The model does not restrict this price function in any way, so it may |
discontinuous.

2.2. Equilibrium

The investor’s terminal (post-round 2) wealth equals
V =(e+n(X+s)— XP.

Since the conditional wealth is normally distributed, the investor solves
A 2 2
m)gixe(X+S)— XP — EOW(X_’_S) : Q)

For the moment, let us assume thatis differentiable. Then, one obtains the
first-order condition

€ — As/s= P+ XP' + Ao?X. @)

In a standard model, one can argue that the market makers observe a r
transformation of the information = ¢ — w, where for notational convenience
w= Aa,fs. The market makers then apply standard statistical updating techniq
to obtain the linear pricing function. However, since the market maker does
know the realization of2, the derivation of the equilibrium must be modified.
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Relaxing the assumption that the market makers submit a differentiable
gregate demand function presents a number of difficulties. To overcome them,
model now requires a formal definition of what constitutes an equilibrium. Rewri
(1) as

maxX(r — P) — ga,fxz + 15+ ga,fsz. (3)

Notice that in (3) aboveX only occurs in the first two terms, which dependeon
ands only throughr. Thus, the investor’s maximization problem depends upon
ands only to the extent that they influenee In other words, any two informed
investors with the same value efshould select the same equilibrium demand
One can therefore think afas representing the investor’s type and the deménd
as a signal that reveals, at least to some extent and perhaps perfectly, the rea
value ofz. The model thus falls under the category of a signalling game and o
can therefore employ the standard tools of that literature to describe the set
behavior which constitute equilibrium strategies. As with most signaling game
an important issue is the beliefs held by players when they observe an out
equilibrium move. Unless one is willing to impose theé hocassumption that the
aggregate demand function is differentiable, the issue arises as to how to adc
demands that should never occur in equilibrium. To restrict the market make
beliefs, the model follows Bhattachargaal. (1995) in applying a variant of the
commonly used Cho and Kreps (1987) D1 criterion; the details of this applicati
appear in the Appendixk.

2.3. Supply Schedule

This section of the paper explores several aspects of the equilibrium sup
schedule. First, we show that there always exists a “no trade” equilibrium in whi
all of the players simply hold their endowments. In this equilibrium, the mark
makers quote a priceoo for any strictly positive demand anebo for any strictly
negative demand by the investor. Second, if an equilibrium with trade exists,
supply schedule is both continuous and differentiable for all possible deman
Using these results, the paper develops an ordinary differential equation that
scribes the equilibrium supply schedule, and subsequently explores its proper
We begin with the following proposition.

PropPosITION1. Part 1. The no-trade equilibrium always exists. Under this
equilibrium the market makers quote a pricejafo for strictly positive demands
X > 0 and —oo for strictly negative demands X 0. In this equilibrium the
investor always demands a zero quantity.

4Since all of the following equilibrium refinements employ the D1 criterion, any of them can &
substituted without altering any of the model’s results: Stability by Kohlberg and Mertens (198
universal divinity by Banks and Sobel (1987), and never-a-weak-best-response (NWBR) by Cho
Kreps (1987).
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Part 2. If an equilibrium with trade existshe equilibrium supply function is
continuous and differentiable. In an equilibrium with trade there does not exis
largest or smallest demand above or below which no trade can take place.

The idea that there exists an equilibrium without trade is not just an artifact of 1
model but is an example of a standard coordination problem in which one e
up at an undesirable equilibrium. In financial market settings, it is worth noti
that certain assets are either totally illiquid or can only be traded after a gr
deal of scrutiny by both sides. For example, very small firms find it difficult if nc
impossible to sell equity in part because nobody believes there will be a mat
for their security. Similarly bonds that are “on the run” are very liquid in pa
because everybody believes that a liquid market exists and so traders concer
their trading activities in such bond markets. However, once a bond is no lon
on the run it becomes much more difficult to buy or sell it. Basically, if an age
does not believe anybody else will trade in a particular market it is in that agel
best interest to also desist from attempting to trade in that market.

If trade does take place, questions then arise about general attributes of the
librium supply schedule. One can imagine a situation where the supply schec
has kinks, and perhaps jumps. Part 2 of Proposition 1 shows that such poorly
haved functions cannot arise in equilibrium. Thus, the equilibrium supply functi
is both continuous and differentiable everywhere except possitly-at0.5

Having addressed issues relating to continuity and differentiability, one c
return to the original first order conditions for the investor presented in Eq. (
After observingr, the market maker updates his priors on betand o, This
leads to the familiar formula,

f(t e 02)g(e, 02)
fe.o?|7) = : : 4
(6, [ops | T) le sz f(‘L’ | e, af)g(e, ‘752) de dof’ (4)

for the updating rule, wherg(e, 02) is the joint distribution ok ands?, f is a
conditional distribution function over the relevant variables, &éndand 2, are
the supports of the distributions efando?, respectively. Since is normally
distributed givere ando2, and the prior distribution of is also normal, one can
write f(z | €, 02)g(e, 02) as

2 2
f(r e 02)g(e, 0?) = 27_[01 . g(of)exp[—%CT 026) + %>:| . (5

€

By using Eg. (5) in Eq. (4), we obtain a solution for the posteriorando?.
Multiplying the resulting expression kyand integrating over bothands? yields
the expected value efgivent. An extensive amount of algebra shows that it ha

5 Since we prove that the equilibrium supply function does not have discontinuities, and we al
for potentially infinite prices, trade in our model cannot be restored by stipulating schedules that
truncated beyond a certain order size.



NEWS DISCLOSURE RULES 371

the form
2 2.2
2oL expl — =52 t g(0?) do?
02+ 02)a/2n(02 + 02 202 +0o2 } € €
N N Rl G M B G R

1 1202 2 2
7exp{— = o?)do
/QZ«/Zniauz,-HTZ; 202 +02) g( 6) €

In a model wheres? is not stochastic the tera /(02 + o2) represents the up-
dating rule ore givenr. Thatis, with aknoww 2, the market maker seB(e | 7) =
t02/(0? + 02) (the standard regression formula). Define 52/(02 + 02). Note
that the market maker can recowefrom the expression on the right-hand side ir
(2). Thus, one can equivalently write (6) B¢ | 7) = tE(& | ). To conserve on

notation, we further define = E(& | ), and thus write (6) as simply
E(e | 1) = ta. (7)

Upon observing the investor’'s demand, the market maker infeaad forms a
posterior based on (7). Given that the market maker is competitive and risk neut
the schedule faced by the investoHs= r«. Despite the fact that we will often
write P = t«, P is still only a function ofX. The quantityr represents the market
maker’s beliefs giveixX, and we require that in equilibrium these beliefs correctl
forecaste. Therefore, one can now use the relationsRip= «t to eliminater
from Eq. (2) and thereby produce the ordinary differential equation,

P — 1)+ a(XP + As?X) =0, (8)

after recalling that = ¢ — Ao,lzs. For a price function to form an equilibrium it
must satisfy (8), and additional restrictions must be placed on the system to en:
that the investor’s second order conditions also hold.

The next proposition shows that if the upper bound on the support of distributi
for o2 equals or exceeds the varianceuofi.e., if 02 > o.2) then the only equilib-
rium involves no trade. The proof of the proposition shows that this condition
equivalent to the condition thatexceeds 0.5 for some realizationwof

PropPosITION2. If the upper bound of the support of the private informatior
variance o2, exceeds the variance of the liquidity component of demaficthe
only equilibrium involves no trade.

To obtain some intuition on the above proposition, first consider the market make
problem with known variance. The market maker makes zero expected pro
conditional on each realization of the order flow (Qr Sincea = @7, anda’ =
02/(0? + o2), if the market maker believes almost surely that that- o2, this,
in a sense, amounts to believing that “over half” of the investor’s desire to tra
comes from his desire to exploit an informational advantage rather than any de

to hedge. In this case, the market makers do not want to take the opposite sic
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the trade, market clearing cannot occur, so that the only possible equilibriun
the no-trade equilibrium.

Now, with a random variance, asbecomes very large, the market maker
believe that the information shock was almost surely drawn from the top of t
distribution. Thus, if at the top of the distribution the market makers believe tt
over half of the investor’'s demand derives from an informational motive the mar
cannot clear for those demands. Since market makers are unable to quote b
even prices for these quantities, this then unravels the entire supply function,
thereby closes down trade.

The above arguments suggest that for a market to function, uninformed |
ticipants need some “assurance” that the level of asymmetric information ¢
never exceed some bound. Section 3 analyzes this observation in greater d
At this point, it is worth comparing our intuition with that of Glosten (1989) an
Bhattacharya and Spiegel (1991), which show that if the fixed valug ekceeds
some bound, then only the no trade solution exists. Based on this result, one
conjecture that it? is random, then the no-trade result would require thfas
expectedvalue fall below some level. Our results do not support this intuitiot
rather they suggest that timeaximunmvalueo? can take on must fall below the
critical bound.

We next show that i&Z < o2, then an equilibrium with trade always exists. A
characterization of this equilibrium is provided in the following proposition.

PropPosITION3. Part 1. If the upper bound of the support of the private infor
mation varianceo? is smaller than the variance of the liquidity component of de
mand o2, then an equilibrium with trade exists. Given the realization of the noi
transformation of private information revealed by the investatemandz, the
price schedule P takes the forre. Now, let p_ (X, a) denote the linear pricing
schedule obtained by setting a equal to the valuewhen the variance of private
information is known. Then a candidate price schedule P forms an equilibrit
supply function if and only if it meets the following conditi®ar anys > 0, there
must exist a level of investor demand=Xx; such thatP(x;) — p. (X1, )| < &,
wherea = lim,_, », «. Less formallyan equilibrium supply function must cross or
come arbitrarily close to the linear supply function formed wheis a constant
equal toa.

Part 2. If trade can take plagehe equilibrium supply function is convex at the
origin. Further, the equilibrium supply function with the greatest liquidity has a
least one inflection poinaind, for sufficiently large levels of investor demand
is concave.

6 Note that this result suggests a role for “upstairs” markets on the NYSE wherein large trades
crossed without an intermediary. However, such markets can survive only if upstairs traders culti
a reputation for being uninformed (e.g., index funds). Otherwise such an upstairs market could
function because if large trades stem from informed agents with high variance draws, the market wil
open. Our analysis applies so long as not all agents can credibly communicate that they are uninfor
which is a plausible assumption.
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When the uninformed agents know the variance of the investor’s information, 1
equilibrium with the greatest liquidity is linear. In the present case, however, \
know that a linear equilibrium does not exist because the conditional expectatiol
e ont is notlinear int. Itis evident that the exact shape of the equilibrium suppl
curve will depend on the distribution of?, though some general characteristics
can be derived. Thus, as part 2 of the above proposition shows, the supply func
must be somewhatS’ shaped.

To help develop some intuition about the model’s predictions, Fig. 1 contai
the results of several simulations.

From Proposition 3, an equilibrium supply function must either cRg, a)
or come arbitrarily close aX becomes large. Thus, to obtain numerical solution
one may proceed as follows. First, calculate the value afheno? equals its
maximum value. Second, begin with a large valueXgofand setP close to the
value corresponding to the linegs () schedule as defined in Proposition 2. Third,
use a standard numerical algorithm to trace out the function.

The equilibrium supply functions graphed in Fig. 1 are based on the comm
assumptions that? = o = 1 and thas? € [0, 0.5]. The line labeled Constant
High represents the linear equilibrium under the assumption that all traders kr
thato? = 0.5. The “Uniform” line displays the equilibrium supply function when
the market maker believes thaf has a uniform distribution between 0 and 0.5.
The “Gamma” lines are drawn assuming that the market maker believeshat
has a truncated gamma distribution. IGtx) equal the cumulative density func-
tion of the gamma distribution from 0 to 0.5, iﬁ,o.'g’ exp(=t)t*~1/ ' (x) dt where
X is an arbitrary parameter ands an integration variable. Then in the case la-
beled Gamma 1, the distribution function is exp(®)o?/ I'(1)G(1), and in the
Gamma 2 case exp@2)o2/ T'(2)G(2). Notice that these curves are initially con-
vex and then concave. For very small trades the price does not move very mi
since the market maker takes these trades to implydfas small. For larger
trades, the market maker revises his beliefs abgutpward, and the curve steep-
ens. Since the market maker knows that the market will closg éxceeds some
boundary, his belief about the value®f is itself bounded. As trades cause him
to approach that bound, his revisions become smaller, so that the supply ct

7 Pooling equilibria of the type mentioned by Glosten (1989, p. 221) do not arise in our setting beca
the investor moves first here, unlike in Glosten (1989), where investors submit orders in response
price schedule. Indeed, note from Part 2 of Proposition 1 that our pricing function is continuous ¢
differentiable. See also Hellwig (1992), who argues that the nonexistence of an equilibrium with tr
arises in Glosten because of the unboundedness of types. In addition, Bhattacharya and Spiegel (
derive an equivalent market breakdown condition, but in a Walrasian setting. In all these framewo
the market breakdown occurs when the nonstochastic projection coefficient of the market mak
linear inference problem (denoted &yn our paper) exceeds 0.5. In our setting, the inference probler
is nonlinear and, as Propositions 2 and 3 indicate, the condition for the existence of an equilibrium v
trade is stronger because of the randomness ke show in the next two sections that introducing
updating on the variance of private information has some significant policy implications for financ
markets.
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FIG. 1. This figure graphs the equilibrium supply function under the common assumptions tl
the variance of noise in the fundamental valqﬁ,and the parameteka,fs, whereAis the risk aversion
coefficient and is the variance of the informed trader’s endowment, both equal 1, and that the varia
of private informatiomf € [0, 0.5]. The line labeled Constant High represents the linear equilibriur
under the assumption that all traders know thfat= 0.5. The “Uniform” line displays the equilibrium
supply function when the market maker believes tifahas a uniform distribution between 0 and 0.5.
The “Gamma” lines are drawn assuming that the market maker believe§2thas atruncated gamma
distribution, where the cases labeled Gamma 1 and Gamma 2 set the parameter of this distributi
1 and 2, respectively.

takes on a concave form as the trade size becomes large. The concavity o
supply schedule in Fig. 1 is consistent with that documented for NYSE stocks
Madhavan and Smidt (1991) and Hasbrouck (1991).

Notice that in each example in Fig. 1, ¥sbecomes large, the equilibrium
price function approaches the linear equilibrium cupyewhich corresponds to
o2 = 0.5, the upper bound of the support®f's distribution. The next proposi-
tion generalizes this observation by stating that the equilibrium supply functi
approaches thpy line obtained from the assumption thet equals the top of the
support of its distribution.

Observe that the market makers learfnom the submitted trade and use this tc
update their beliefs, which in turn, implies that the post-trade variance of the st
given all public information equals the residual variance pfus%z. Sincean2 is
common knowledge, changes in the conditional variance of the final payoff du
the trade can occur only through the variance givent. As the next proposition
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shows, the latter quantity increases with the absolute valueanfd thus in the
size of the trade.

PropPosITION4. An increase in the absolute value of the noisy transfor-
mation of private information revealed by the invessodemangdincreases the
variance of the asset value conditional on the invéstdemand.

Itis worth noting that the variance of the price following a trade varies positive
with |z], or equivalently, var() despite the fact that the residual variance faced b
the informed investor does not depend upon his informatioh set.

A question arises as to whether our nonlinear supply schedules would obtain
dynamic Kyle (1985) setting, wherein informed investors split up their trades o\
time. The setting of impending public announcements considered in this pa
corresponds to situations where private information is short-lived and perishal
in which case the number of trading opportunities is likely to be small, so th
dynamicissues will not be very relevant. Further, the analysis of Meulbroek (19¢
suggests that repeated trades by insiders prior to a public announcement a
important trigger for the initiation of an investigation by Securities and Exchan
Commission; this would also deter multiple trades. In general, however, extend
our model to a dynamic setting is an important area for future research.

3. NEWS DISCLOSURE POLICIES AND LIQUIDITY CRISES

Existing models such as Glosten (1989) and Bhattacharya and Spiegel (1¢
require for a market breakdown that the variance of private information excee
certain bound. However, as mentioned earlier, Proposition 2 implies that one o
needs the upper bound of the support6to exceed a threshold for the market to
break down, a result which is of considerable significance. Our model implies
liquidity crises can be far more common than conventional models would predi
When the volatility of future prices is uncertain, we only require an increase in t
upper bound of the uncertainty for a market breakdown to occur.

Along similar lines, a common informal intuition is that markets for man
assets fail to exist because of “insufficient liquidity.” Our analysis formalizes th
notion precisely in a specific context, in that it shows thastiggportof the private
information variance’s distribution needs to be bounded above for markets to or
Oneway to accomplish thisis toimpose disclosure requirements on security isst
such as firms and governments (henceforth, we refer to security issuers as “fir

8 The above proposition thus implies that large trades will be followed by large variances a
since large trades are associated with large absolute price moves, also appears consistent wi
ARCH literature, i.e., large price changes should be followed by high variances. Our analysis sugg
an additional empirical test on the relation between price changes and trade size via Eq. (6): Or
distribution function for2 has been estimated, the equation provides a particular functional relationst
between the trade size, post trade variance, and the shape of the supply curve.
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for convenience). In this section, we discuss how such reporting rules can t
resolve the market breakdown problem in our setting.

It is well known from event studies in finance (see, e.g., the seminal study
Famaet al, 1969; Rendlemaet al, 1982; and, more recently, Ikenbery al.,
1995) thatthere is a price driftin the direction of the event-date price reaction dur
the period preceding the event. This suggests that private information about
event leaks out to agents, who may either be corporate employees or individ
outside of the firm who have been tipped off. In large, modern corporation:s
would be difficult for the firm to control trading on such inside information b
numerous employees and “tippees” when important announcements are pen
Indeed, the empirical literature suggests that firms generally are unsuccessf
this endeavor.

Based upon the model any disclosure rule that helps to keep the upper bour
the distribution governing the asymmetric information’s variance below the critic
bound will help markets to function. This is a useful result from a regulatory poi
of view. However, note that disclosure would also open a Glosten (1989) mat
without variance uncertainty if the information about the mean could be disclos
directly; all traders would then be symmetrically informed. There are two issL
to consider in this regard.

First, we show that market breakdowns can be far more frequent than the a
ysis of Glosten (1989) would suggest, since we demonstrate that with uncer
variance, if there is any positive probability that the variance exceeds the up
bound, the market cannot open. This implies that the need for disclosure is
greater than would appear based on previous literature. Second, in genera
believe it is easier for a regulatory agency to write and enforce a “variance-bas
rule than a “mean-based” rule. A “variance-based” rule requires firms to rep
specific types of information that are known to have (on average) a large price
pact. In fact, such news disclosure policies are common and often take the fort
accounting requirements. In the United States, for example, exchange-listed f
are required to release very specific information every quarter. Additionally, 1
government requires firms to file particular documents when they engage in
usual activities (e.g., takeovers) that also have a large average price impact. M
these rules do not state that the firm must report any news that will move the p
by a great deal (which would be a “mean-based” rule). Instead the rules req
the firm to report specific types of information, and they must do so regardl
of their beliefs about its market impact. The reason for this (in part) is that a r
based upon a projected price impact is impractical. Often firms themeselves dc
know how the market will react to a particular bit of news, and thus will not kno
if it should be reported under such a réldowever, the model suggests that meal

9 It may be tempting to surmise that the rule is unecessary since the market will itself close withou
disclosure policy. However, this statement is false. Absent the disclosure policy, the only equilibri
will be the no-trade equilibrium. With the disclosure policy, other equilibria may exist. What happen:
that absent a disclosure by the firm, the competitive traders in the model believe that the variance ¢
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based rules are in fact unnecessary. It suffices instead to simply require firm
disclose information that is known to have a high variance price impact, regardl
of the news’ current value.

The July 1999 issue of thexchangemagazine published by NYSE supports
this view of rules requiring disclosure of impending informational events. To quc
(p. 3):

Regulatory halts are designed to alleviate the instantaneous volatility that occurs when
significant news is released, to give investors a chance to interpret the news and make in-
formed investment decisions, and to price the stock in a calm environment. If a drilling
company comes out with a technical release, such as an announcement that it has discovere
300,000 barrels of oil per day out of @8inch choke, many individual investors and brokers
might not know what it means to the firmA company contacting the Exchange before
releasing the news would let us know the impact is big. We would then recommend a trading
halt, research analysts would interpret that news and release their recommendations, and
brokers would get on the phone with their clients.

Similarly, Christieet al. (1999, p. 7) state that news-pending trading suspensio
on Nasdaq are not uncommon and are governed by the following disclosure pol

...Traditionally, companies are required to provide [Nasdaqg's] StockWatch with a press
release no later than 15 minutes prior to the public disclosure of information contained in
the release. Analysts at Nasdag evaluate the information and determine whether the news
would materially affect stock prices. In the event the news is deemed material, StockWatch
notifies the news wires and all markets where the Nasdaq issue and its derivative securities
are traded. The issuing company must also be notified of the impending halt before it could
be implemented.

Note that our analysis also applies to marketwide disclosures about inforn
tional events. For example, the Federal Reserve usually times important annou
ments to coincide with the end of the week (see, for example, Ederington and L
1993). This strategy does not preclude investors trading on leaked informat
towards the end of the week and potentially increasing adverse selection. |
analysis suggests that investor welfare could be higher if the Fed implemente
policy that involved reporting to the exchange whenever a sufficiently importe
announcement is imminent.

3.1. News Disclosure Policies and Investor Welfare

If a regulatory agency can require the disclosure of high variance events prio
trade then clearly this will enhance welfare so long as the disclosure costs are
too high. However, in many cases firms may be aware that tippees have impor
information but do not yet want it released to the general public. In this case
may be useful to have the firm report that it has important information witho

insider’s information falls below the regulatory bound. Thus, if the firm fails to disclose when in fa
the variance exceeds the bound, trade takes place since the outside investors are “fooled.” Of coul
this happens investors may become suspicious of the firm’s willingness to follow the regulations
will then pull out of the market. Thus, from the firm’s own perspective, if it wishes to maintain liquidit
in its own securities, it will follow the rule.
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revealing what the information is. For a firm this rule has obvious advantag
However, from the perspective of trade it is a second best solution. By requir
such announcements, trade is facilitated when an announcement does not ¢
but ceases when it does. Note, that this rule is still better than no rule. Absent ¢
a rule trade may not take place at all if otherwise the upper bound on the varia
of insider’s information exceeds the critical bound. With the disclosure bounc
will at least function whenever the firm does not notify the authorities of a hig
variance event

Propositions 2 and 3 shed light on the manner in which rules requiring disclos
of impending information events can be welfare-enhancing. Specifically, supp
that without an information disclosure rule (i.e., with= c0), the upper bound of
the support ob2's distribution,s2, exceeds2, so thata exceeds 0.5 for some
realization ofc. Then, as Proposition 2 indicates, the only equilibrium involves r
trade in every state of nature. Now consider what happeasasduced. Initially,
o« will continue to exceed 0.5 for someeven whenv? is belowc (i.e., when no
report is provided), and the no-trade equilibrium will continue to prevail in tf
absence of a report. However, ass further reduced, eventually (for 62 < c)
will fall below 0.5 for all . At this point, if firms do not provide a report (i.e.,
if 02 < c), trade will actually take place. On the other hand, since the market
unable to open without a disclosure rule, it is evident that the no-trade equilibril
will prevail when a report is provided (i.e, whet is greater thaw).

PROPOSITIONS. Suppose that the upper bound of the support for the priva
information varianceo?2, exceeds the variance of the liquidity component of th
investots demangos2, and that the probability of the private information variance
falling belowo? is non-zero. Then there exists a disclosure yulkerein the firm
reports to the exchange if the private information variance is greater than a posit
cutoff ¢ < o2, thereby causing the market to close upon release of the repart

that the representative investsrex ante welfare is strictly higher in the presenct
of the rule than in its absence.

Note that with the rule in place, the representative investor is able to trade ur
at leastsomeparameter realizations, whereas without the rule, he is not able
trade at all. Since trade is voluntary, it must occur when the welfare of the inves
isincreased by trading. This leads to the inference that the welfare of the invest
higher with the rule than without it. Further, since the rule leaves the zero-expec
profit earning market makers no worse off, it results in a Pareto improvement.
above proposition thus demonstrates the welfare-enhancing potential of such r

A natural issue that arises here is the manner in which the disclosure cu
c is determined. While this issue is difficult to address analytically, the trac
offs involved in the choice ot by the exchange can be described as follow:

10 As an example, is a particular labor agreement good news or bad news? This depends upon
the market expected from the actual agreement, and thus the announcement’s impact may be di
to determine prior to seeing the market's reaction.
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Differentiating the investor's expected utility with respectad@nd setting the
resulting expression to zero yields

[ ] o5 (x P o ) Jess-vaes + (avzpis)

Cc oo [ee] aP
x h(e, w, ¢) de ds—/O [m [m Exexp[—(A/Z)(x(r — P) — (A/2)02%?
+ 15+ (A/2)0/s°) | h(e, w. c)de ds b ? = 0, (9)

whereh represents the joint density function farw, and andx the equilibrium
value of X selected by the insider conditional on his type and the disclosure ru
The following proposition then obtains.

PrROPOSITIONG6. The optimal value of the cutoff on the private informatior
variance ¢i.e., the value of the variance of private information above which firm
are required to report the variance to the exchanpgmves Eq(9). Both integrals
are in this equation at least weakly positive.

Proposition 6 illustrates the tradeoffs faced by the investor if the exchange wis
to increasec.!! The first integral in (9) represents the direct influence. Increasir
c leaves the market open more frequently. The expression in curly braces in
first term represents the utility gain to the investor from being able to trade wh
02 < c. Instead of not being able to trad¥ & 0), the trader instead se¥sto a
nonzero numbex. The second integral in (9) represents the indirect effect th,
increasing: has on investor utility. An increase @makes the market maker more
“suspicious” that the investor has valuable information whenever trade does t
place. This results in a steeper equilibrium supply curve which makes the inve:
worse off.

3.2. Implications and Alternative Specifications

Our analysis indicates that an exchange can improve investor welfare by req
ing firms to notify it whenever there is a significant adverse selection proble
As we discussed earlier in this section, the disclosure model in the previous ¢
tion closely mimicks that used by the NYSE and Nasdaq. Under its listing rule
firms must notify exchange officials whenever important news announcements
pending. Our model suggests a distinct prediction which follows from the noti
that the suspension rule uses a variance-based trigger, as opposed to a mean-
trigger. Under a pure variance trigger, the distribution of returns during a cessat
of trade should be unimodal, with the modal return equal to zero. In contrast, un
a mean-based rule the return distribution around the cessation should be bimc
with the two peaks corresponding to the positive and negative price revisions wk

11 Proposition 5 shows that it is always possible to chooseatisfying the equation in Proposition
6, and that the solution will setless thars?2.
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trigger a stoppage in trade. Since the actual returns during a news-pending c¢
tion of trade are both unimodal and centered at zero (Bhattacharya and Spie
1998), the data indicate that these stoppages are triggered by a variance-base«
as suggested by the model presented here.

Our discussion also suggests some empirical implications. The news cu
should be stricter for firms in which the asymmetric information problem is mo
severe. Thisindicates that cessation of trade due to impending informational ev
should occur less often for large firms and/or firms which are followed by a re
tively large number of security analysts, since these are the firms for which re
tively large stocks of public information are likely to be available to investors. By :
opposite argument, firms with large proportions of insider ownership should h:
stricter rules. In contrast, stocks with relatively diffuse ownership (as measurec
the number of shareholders, for example) should have more lenient news dis
sure policies (and less frequent trade cessations due to impending informati
events), as uninformed hedging trades are likely to be relatively more import
in such stocks.

An alternative view of the rule analyzed in the previous section can be deri\
from the several empirical studies that have found a positive relationship betw
mean returns and subsequent volatility. In practice, large price shocks tend t
followed by additional large shocksIt seems reasonable that shocks should &
correlated with potentially high variances on the informed investor’s informatic
since thisis presumably a partial source of the additional price moves. For exam
if an informed investor knows about a product’s quality, this information will b
worth more if sales are unexpectedly high. Now suppose a firm knows the real
tion of a random variable correlated with the variance, and that it can communic
the value of the variable that it knows about to the exchange. Our model sugg
that liquidity can be improved by requiring that firms report to the exchange whe
ever this variable has a mean exceeding some boundary, since the absenct
report then assures the market maker #7ais itself below some boundary.

It is to be noted that the reason market collapses are more frequent in a se
with uncertain variance is because market makers are unable to quote break
prices for large orders. This is an argument in favor of encouraging imperfect cc
petition because if small trades can subsidize large trades then market breakd
should become less frequent (Glosten, 198%gt, it would be difficult to regu-
late imperfect competition because specialists face competition from other sou
such as floor traders and limit order submitters. An anonymous dealer market s
as Nasdaq is in a better position to encourage such imperfect competition
means to keep markets open for larger orders. In addition, Nasdaq dealer f
often act in a dual capacity by having their brokerage/analyst divisions discl

12For example, Chambers and Penman (1984) note the following: “There appears to be abno
price variability following reports with high announcement effects for both good news and bad ne
reports, but little after those with relatively low effects on prices.”

1335ee also Glosten (1994) and Viswanathan and Wang (1999).
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information about the firm, and this may serve the same purpose as news disclo
policies in mitigating the market breakdown problem. This point notwithstandin
the fact that even Nasdaq uses trading halts and news disclosure requirements
Christieet al,, 1999) suggests that imperfect competition and disclosure by dea
firms is unable to fully address the adverse selection problem.

Finally, it is to be noted that while disclosure of an impending informatione
event helps keep markets openin our model, alarge literature has argued in diffe
contexts that disclosure of trade information may also impose costs. For exam
Madhavan (1996) argues that disclosing information about price-inelastic tra
may increase price volatility by increasing the effects of informed trading c
prices. Similarly, Madhavan (1995) argues that disclosure of trading informati
can increase the trading costs of large institutional traders who would like to bre
up their orders under adequate camouflage but are prevented from doing s
disclosure requirements. A related argument is made by Gemmill (1996) in
empirical context. Porter and Weaver (1998) present evidence that dissemina
of the best bid-ask quotations and depth actually decreased liquidity on the T
This is ostensibly because increased transparency may decrease the depth
limit order book as limit order submitters are reluctant to gift free options to othel
This research is a counterpoint to the notion that increased disclosure is necess
desirable. Consistent with this literature, it is not the goal of our work to argt
for more disclosure in a broad sense. Instead, we argue that policies allowing
dissemination of information about impending news events, can bound varial
uncertainty in the absence of such events and thereby improve overall liquidit)

4. MULTIPLE SECURITIES AND EXCHANGES

The focus in the present section is on how the disclosure rule in one secu
alters the liquidity of another security when there are interdependencies in
degree of adverse selection. To illustrate the issues involved, suppose that
future cash flows of General Motors (GM) become very volatile. Traders in G
will then probably face increased levels of asymmetric information. However,
the volatility of GM’s cash flows goes up, then it is likely that so will that of
the cash flows of other firms in the same industry, e.g., Ford. Now consider
implications of a disclosure rule for the two stocks. If GM reports to the exchan
that a significant news announcement is imminent, then the market for GN
stock closes. The market maker in Ford’s stock observes that GM has closed
therefore infers that Ford’s investors are also likely to have unusually valual
information. Intuitively, one expects Ford’s stock to become less liquid in th
situation, a conjecture verified by the analysis provided below. Also, once o
recognizes that news disclosures in one stock can influence liquidity in anot
stock, the regulatory environment in which securities trade becomes anissue. T
a competing exchange structure will fail to take cross-effects into account. T
analysis below yields insights regarding the conditions under which a consolida
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exchange will employ higher or lower reporting requirements (i.e ¢ kegher or
lower) than a competing exchange structure.

The structure of the model in this section is as follows. There are two securi
and two investors, each with information about a particular security. Assume t
investor 1 only trades in security 1 while investor 2 only trades in security 2. Asi
from tractability, this case is of interest since informed investors who simultar
ously trade several related stocks are likely to attract unwanted attention from
Securities and Exchange Commission. Trade occurs across two periods witt
timing of events and stochastic structure identical to the one-security model.
index the quantities in the single-security model, key, w, etc., byi, wherei
equals 1 or 2, depending on the market in questiong(@ﬁl, o—fz) denote the joint
distribution ofe; ande,. Each market maker knowgshbut not the realized values
of ojf prior to trade, and also knows whether the other market is open or close:
the time of trade in his own market.

We make the following assumptions abapuit

1. g(oézl, 0'522 =0if 0621 or a;‘; <0.

2. Letd" be the marginal distribution offj. Then g“(afj | 02 = a) first order
dominates §(c | 02 =b)ifa>bfori#jandi=12and j=1,2 This
condition is also assumed to hold for all distributiong;@jftruncated from below.

The first assumption implies that negative variances occur with zero probabil
The second assumption states that the variances of private information in
two stocks are positively correlated, in the sense that if the private informati
variance of stock is unusually high, then, on average, so is that of stodkrom
Proposition 4, the latter postulation immediately gives rise to the following res
(stated without proof):

PROPOSITION7. Lett (i =1, 2) be the noisy transformation of private infor-
mation revealed by investor demands in market i. Tlgérent;, an increase in
the absolute value of; (j # i) increases the post-trade conditional variance o
the value of stock i.

The above proposition implies a cross-sectional lead-lag relationship betw
intraday volatilities, in the sense that a high variance in one stock should be follov
by a high variance in another stock with a positively correlated private informati
variance (this is most likely to be true for stocks in the same industry). A possi
empirical test of this implication is to group stocks by industry and examine lec
lag patterns in intraday volatility across the stocks.

We now analyze the implications of a disclosure rule in one stock for mar}
liquidity in another. As noted earlier, if disclosures about the exact price imp:
of the information signal can be made in full and in advance at no cost then
issue is moot. Such a disclosure will unambiguously aid liquidity since it remov
all asymmetric information. However, as in earlier sections, here we examine
more complex issue of crafting a disclosure rule for implementation between
time when outside agents (e.qg., “tippees”) first become aware of the informati
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and when the firm wishes to disclose the information. In this case the exchal
must ask the firm to notify it when a high variance event is about to occur, at whi
time trade can be suspended.

Denote the reporting cutoffs on the variances in the two markets (through 1
respective cutoffs on th&s in the markets) by; andc,. If exchange is open,
the market maker will base his schedule on his observations of the invest
demand, and whether exchangis open. Lek; = {0, n} represent market maker
i's knowledge of whether exchangés open or not open, respectively. Essentially
ki (i =1, 2)is asignal about the variance of the investor’s observation in the ott
exchange. This information is useful because of the assumption that the variat
are correlated. As in the one-period model, the market maker uses the invest
demand to infet. However, now the update on the price function includes not onl
the inferredr; but also on the observed valuelgf Therefore, in the two-market
setting, we defin& (¢ | 7j, ki) = i (7, ki).

Since we wish to focus on trading stoppages caused by news disclosures
make the assumption that the exogenous parameter values are such sbatédor
realization of; = ¢ — wj,o; > 0.5, fori = 1, 2(or, equivalently, that2 > o3 ).
From Proposition 2, this implies that the two markets fail to openin the absence
adisclosure rule. We further assume thadt;, ki) > 0.5 for somey; (fori = 1, 2),
regardless of the reallzatlon@} (oragain, equivalently, that;l > 02 regardless
of the realization Ofaz) Basmally, this simply entalls suitably restrlctlng the
support of the conditional distribution @fz on 2. These assumptions ensure
that, regardless of whether markgis open or cfosed markétalways closes
Whenevero-2 is reported to be greater than Under the assumption, therefore,
the dlsclosure rule is equivalent to a disclosure rule which involves a cessatiol
trade whenever the reported variance is greater¢han

Consider two market structures. In the first structure each exchange; sets
i =1, 2 independently to maximize the welfare of the investor in that stock alor
Call this the competing exchange structure. In the second structure, the exche
setsc; andc; to jointly maximize some weighted average of the investors’ utilities
Call this the consolidated exchange structure. Assume complete symmetry in
two markets (i.e.02 = 02,02 =02, andg(c?.02) = g(o2.02)). Given the
symmetry assumption, we omit all subscripts except where needed for clar
Further, unless otherwise stated, all integrations are performed over the er
support of the relevant distributions.

At the beginning of this section, we conjectured that if a market maker n
tices that a related stock has experienced a stoppage in trade, he will gt
a less liquid supply function in his own stock. Proposition 8 formalizes th
intuition.

PROPOSITION8. Suppose the market maker in stock i observes whether t
market for stock [i,j = 1,2, i # j)isopen or closed. Then the illiquidity in the
market for stock ,imeasured by the derivative of the pricing schedule in stock
with respect to quantitys greater when the market for stock j is closed than whe
it is open.
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Proposition 8 demonstrates how the cessation of trade in one market aff
liquidity in related markets. When one market closes, the derivative of the sup
function (with respect to quantity) in the other market increases not just on aver
but everywhere. This provides a simple empirical prediction, namely, that duri
a cessation of trade in one security, stocks in the same or related industries st
experience an increase in the price impact of market orders.

While a market breakdown in one security can reduce liquidity in a relat
security in our model, it will not induce the market in the related security
close. This is “good news” in that a cessation of trade in one market will r
generate a cascade of breakdowns, leading perhaps to a widespread market fe
as explained below.

Recallthatunderthe disclosure rule proposed in this paper, the exchange req
the firm to issue a report whenever the variance of an upcoming news event exc
some prespecified boundary. Therefore, if a firm does notissue a report, the mz
makers in that stock know that the variance of the trader’s information cani
exceed the requisite boundary.

Now, a report that the adverse selection problem associated with GM has 1
gered a cessation of trade in security GM may shift the a market maker’s p
distribution over the variance of Ford. However, given that there has been no
nouncement in Ford, the news of GM’s closure cannot shift the upper boundar
that distribution past the boundary set by the reporting rule in Ford. Then, app
ing to Proposition 3, an equilibrium with trade must exist in Ford’s stock abse
a disclosure in Ford no matter what report has been issued by GM. One there
concludes that a cessation of trade in one market cannot by itself lead to a cess
of trade in another market.

4.1. News Disclosure Policies with Multiple Securities

Proposition 8 shows that a breakdown of trading in one market can influel
the supply function in a related market. The next proposition extends this resu
the disclosure point itself.

PrROPOSITIONS. Ceteris paribusincreasing either either the closure bound on
stockl, ¢y, or on stock2, ¢, increases the illiquidity function in stodka; (X1, $1),
forall X, and S.

Proposition 9 implies that news disclosure policies in one security have
external effect on other securities, in the sense that increagimgluces liquidity
in marketi. Also, it is evident that the benefit of raisimg on ¢; is through the
relationshipy; (zj, 0) < a(z, €) in Proposition 8.

Itis worth noting that Proposition 9 does not necessarily imply that traders in ¢
security prefer as tight a disclosure rule in the other security as possible. A lo\
value ofc; does increase liquidity in market 2 conditional on the first market beir
open or closed. However, a lower valuecgiimplies that market 1 will be closed
more often, and thus traders in security 2 will face a steeper supply function wi
this happens. On net, the trade-offs are similiar to the case of a single secu
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Tightening the rule increases liquidity to some degree, but leaves traders with
less liquid exchange structure more often.

Using Propositions 8 and 9, one can prove the intuitive result that the supply fu
tion in marketi when markef is closed is above that when it is open. Essentially
the market maker in marketakes the breakdown of markeas an indication that
there exists an “above average” amount of asymmetric information in the mar}

ProPOSITIONL1O. Let R(X;, k) represent the equilibrium price function given
the signal k, where k = o denotes the case in which markej j## i) is open and
ki = c denotes the case in which market j is closed. ThéX;Po) < P (X, ¢)
forall X; > 0,and R(X,0) > P (X, c)forall X; <O.

Sofarthe analysis has characterized how the disclosure rule in one market aff
liquidity in a related market. The next question is whether competitive exchanc
will setthe disclosure points to a higher or lower level than a consolidated exchar
It turns out that the answer to this question depends upon the properties of
distribution functiong(c2, o2).

In a competing exchange structure, the news disclosure policy will be settom
imize the utility of the investor’s in that market, and cross-market influences will |
ignored. LetE u; (¢, C,) represent tradeéfs (i = 1, 2) expected utility giver; and
C2. Then market will set¢; to maximizeE u; (¢, ¢;). By the envelope theorem, at
thec's corresponding to the Nash equilibrium between the two exchanges, a sr
change inc; has no impact on the utility of tradér Thus, ifd Ew /dc, # 0 and
dEw/dg # 0, then a consolidated exchange can improve every trader’s welfa
It follows that a consolidated exchange can set a set of news disclosure poli
superior to those that prevail in a competing exchange structure.

With some additional notation and another assumption one can characte
the difference between the competitive and consolidated exchang¥.(teb;
a(Xj, ki) equal the expected utility of tradiergiven the realization of, w, andk;.
Now define

U(oZ;a() E'/_oo /_00 V(e, w;a(Dh(e, w, 02, 02) de dw, (10)

whereh is the joint density function fog, w, 0521 andofz. Notice that both/ and
U arefunctionalssincea (X, k) is a function.

Using the above notation, one can write the expected utility of the trader
market one as

Cy C1
/0 /o Ul(ofl, a1(Xq, O))g((rfl, 0*622) dafl d(ffz
e 2 2 2 2.4 2
—l—/ /0 Ui(oZ, a1(X1, ©))g(0l. 02) dol do?
C2

o0
+ / Ul(oi, af)gin(oézl) daézl.

C1
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By the envelope theorem, the impact of a change,inn trader one’s utility is
given by

JdEu;
dCy

C1 C1d 1
:/ Uy (02, a1(X4. 0))g(02. ¢3) do? +/ / 02,02) do? do?

0

C1 C1 d
—/ Ui (o, 61,011(X1, 0)g (evcz ) do2 +/ / g el, )da da .
0

dC2
(11)

Let us now consider the sign of the various terms in Eq. (11). Initially, let t
consider the first and third terms. From Propositioe X1, 0) < a1(X, c) for
all X;. From Proposition 9, we know that the investor always faces a more illigt
schedule in market 1 when market 2 is closed than when it is open. This imp
that for any givenr, larger values ofr result in lower welfare, so that the first
integral in (11) must be larger than the second integral.

Now consider the second and fourth terms. In the second integral, the chz
in c; affectsa; when the market in stock 2 is open. In contrast, the fourth integr
provides the impact of; on oy when the second market is closed. However, i
both caseslU;/dc, < O since Proposition 9 demonstrates that an increasg in
causesy; to increase for albf1 and X;, which reduces the investor's expectec
utility.

One can now determine whether a consolidated exchange improves welfar
setting the values af; andc; higher or lower than the competitive exchange. Th
answer to this question depends on the size of the marginal impagtoofU;,
which, in turn depends on how changiagalters the available information about
market 1's variance. For example, suppose that at the Nash valag fosmall
change inc, leavesgy" unchanged. Then it is evident that changoga small
amount leaves the supply function in market 1 unchanged, salthgidc, = 0
In this case, the right-hand side of equation (11) is necessarily positive (bece
the second and fourth terms disappear and the first term is always greater tha
third term), so that the consolidated exchange sets a more lenient disclosure
Under this scenario, the consolidated exchange recognizes that when mar|
closes, the liquidity in market 1 declines. Thus, a small increasgiircreases the
probablity that market 1 will operate in a more liquid environmént.

Conversely, if a small change @ causes a large changegit, the right-hand
side of (11) will be negative, and the consolidated exchange will set a tigh
disclosure rule. It is thus evident that the direction of the net effect depends on
properties of the distributiog.

14 Note that sinca&lU; /dc; = 0, the change i, does not alter the supply curves faced by trader:
in market 1.
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A general policy implication of our analysis is that there is a benefit to havir
a single regulatory body implement disclosure policies across stocks, especi
across those with interdependencies in the degree of adverse selection (e.g., in'
in the same industries). This can evidently be achieved by having one consolidz
exchange rather than several fragmented ones. The analysis also suggests tha
ety suffers a net welfare loss by having different stocks in the same industry lis
on multiple exchanges. Finally, while not explicitly modeled here, our results al
have implications for disclosure policies across multiple international markets 1
the same stock (given that the degree of adverse selection is nontrivially correl
across such markets). Specifically, if the goal of policy-makers is to jointly ma
imize the welfare of investors across all markets, our analysis presents a cast
coordinated policies across international markets. In addition, our analysis s
gests that better liquidity could be achieved across markets for securities and t
contingent claims (e.g., equity markets and their underlying derivatives) by havi
both sets of markets regulated by the same umbrella organization, as oppose
the current fragmented structure (Commodity Futures Trading Commission
derivatives and Securities and Exchange Commission for equities).

5. SUMMARY AND CONCLUDING REMARKS

As Leeet al. (1994) and Christieet al. (1999) point out, trading suspensions
in advance of material news disclosures are common on the New York Stc
Exchange and Nasdag. We rationalize disclosure rules and trading suspensio
amodelwhich allows for information asymmetry about both the mean and variar
of a normally distributed asset payoff. We show that markets cannot functior
uninformed traders believe the upper bound on the distribution of the variar
exceeds a certain critical bound. However, one can restore trade by simply requi
firms to report high variance information to the market. While trade ceases wt
such a report is made to the exchange, the absence of a report bounds the var
uncertainty in the absence of such a report and thereby facilitates trade. Tt
disclosure rules increase ex ante investor welfare.

Our analysis of the equilibrium with information asymmetry about both the fir
and second moments is of interest beyond the specific application to disclos
rules and trading suspensions. We find that in our framework, the familiar line
equilibria of standard settings do not exist. The nonlinear equilibrium price sche
ules we obtain are consistent with those documented by Madhavan and Sr
(1991) and Hasbrouck (1991). We also show that market breakdowns can be
more common than what is suggested by existing models. In our model, mat
breakdown requires only that the upper bound of the support of the variance
private information exceeds some finite maximum. This strong result obtains |
cause market makers believe that large orders accompany a large variance e
which precludes the existence of a breakeven price for those orders, whereby
liqudity supply schedule unravels. The result suggests that liquidity crises &
market crashes such as those which occurred in the international bond marke
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1998 would be far more common than what existing models would suggest,
would also be particularly likely to occur if there is a great deal of uncertainty st
rounding the extent (volatility) of future price movements (e.g., prior to importa
macroeconomic announcements).

Our study of a multisecurity setting indicates that if securities with correlat
asymmetric information are traded on different competing exchanges, the resul
news disclosure policies will usually be socially inferior to those in a consolidat
exchange structure. This is because such exchanges do not consider the inflt
of their rules on investors trading in other markets, so that they may set a disclo:
policy that is suboptimal. This result suggests not only that equity exchanges r
set better disclosure rules if they are overseen by one regulatory body, but
that the liquidity of equity markets as well as derivative markets for equities (e.
Chicago Board Options Exchange) may be higher if they are governed by one
brella organization. Coordination of disclosure policies is particularly importa
when the nature of nonsystematic information flows are correlated across con
nies in a sector. This does appear to be the case for technology and the “dot-c
sectors where there is much commonality in news flows (e.g., operating sys
innovations, adoption of on-line shopping by consumers, new security technol
for on-line shopping, and so on). Thus, our analysis may provide a partial expla
tion for the current structure in which technology firms are overwhelmingly liste
on a single exchange, Nasdag.

The model also provides further empirical implications, which are as yet untes

e Cessation of trade due to impending public disclosures should occurless o
for stocks that are followed by many analysts and are widely held, because variz
uncertainty in particular and asymmetric information in general is likely to be le
of a problem for such stocks.

¢ In a given stock, high order flows should be followed by a high volatilit
of price changes because a high order flow is likely to be associated with a t
variance event.

¢ If one accepts that disclosures by analysts associated with Nasdaq dealer
is an alternative way to mitigate the market breakdown problem, one should
more disclosures for firms whose cash flows are relatively more uncertain.

e Our multisecurity analysis indicates that a high volatility of price changes
one stock should be followed by a high volatility in another stock with a positive
correlated private information variance (e.g., another stock in the same indust

e Atrading halt in one stock should decrease the liquidity of other stocks in't
same industry.

Testing these implications would appear to be areasonable topic for future rese:

APPENDIX

Proof of Proposition 1. We first describe how we adapt the Cho—Kreps D
ctiterion to address out-of-equilibrium moves in our setting with an infinite tyy
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space. The adaptation follows Bhattachagyal. (1995). For expositional ease,
the phrase “better off” in the material to follow will be taken to apply relative tc
the investor’s equilibrium payoff.

For demands that correspond to a move that can occur in equilibrium one sim
requires the market makers to update their beliefs via Bayes’ rule. However,
moves that should not occur in equilibrium, the market makers need to evalu
the message the investor may be trying to send. If the investor submits an
of-equilibrium demand, the market makers need to determine which insider ty
or types may have sent the errant signal. Standard refinements require the m:
makers to ask themselves which investor types would benefit the most from s
a move and then assume that an investor from that set was responsible for
action.

When the investor submits a demand, the market makers will respond with
aggregate demand function that produces a price. For an investor to be bettel
the resulting price must leave him with a higher payoff relative to what he wou
have earned had he submitted his equilibrium demand. It is evident that for :
investor type there exists a price response to an out-of-equilibrium move that «
potentially make him better off. But some investor types are more likely to bene
than others. Consider some set of tygewith the following property. Suppose
that a price response which makes any investor outsidelstter off also makes
every investor inT better off, but that the converse does not hold. Under the:
circumstances, the D1 criterion, as well all those listed in Footnote 2, requ
the market makers to believe that an insider from thelsstibmitted the errant
demand, and then react appropriately given that belief. Note that in this paper,
market maker can assign any probabilities they wish to the elementdot they
must assign zero probability to elements outsid& of

A minor modification is necessary to handle the unbounded type space in
current model. As noted earlier, the current paper seeks, among other thing:
determine when markets will or will not function. This requires one to include tt
possibility that market makers will quote an infinite price for some demands,
other words, refuse to trade if a trader wishes to buy or sell a particular quan
of the security. Thus, any demand that “should” produce an infinite price must
an “out-of-equilibrium” move. Intuitively, this should occur only when the marke
makers cannot place either an upper or lower bound on the set of types that |
have defected. To see how this can happen, suppose that any reaction by the m
makers that makes an investor of typebetter off will also make an investor of
type 1, better off if 1; < 1,.2% The natural extension of the D1 criterion in this
case clearly requires the market maker to believe the investor who submits

151n our setting, the type of an investor can be captured by the valuetwit he possesses. Note
that it is possible for multiple investors to have observed different realization;? diut have the
samer, because, which equals — Aan2 does not depend 0912. Thus, a type can be interpreted as
all individuals that face the same optimization problem upto an affine transformation of their utili
function. Knowing that all insiders with the samebut different private information variances select
the same action, the market maker uses the type to update on both the mean and the variance.
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out-of-equilibrium demand is of typ®, and sincer; is arbitrarily chosen (i.e., it
can be as large asoo), the market maker must believe that the investor is of tyf
+OO.16

Now, consider an out-of-equilibrium move in which the investor deman
X > 0. Under the no-trade equilibrium, the investor's maximization problem h
a value of

A
TS+ 50,7252, (12)

while a demand oK produces a value of
A A
X — Ea,fxz— XP+1s+ Ea,fsz. (13)
The value from Eq. (13) will exceed that in (12) if

T>P— ganzx.

Thus, suppose that in response to the demétite market makers quote a finite
price P. If the priceP makes an investor of typg better off then it must make any
investor oft, better off if 11 < 7o. Therefore, under the D1 criterion the marke
maker cannot believe that an insider whose type lies befowas responsible
for the out-of-equilibrium move. However, the same argument holds forrany
no matter how large. Thus, the market maker cannot believe the insider is of
finite type. If the market maker does not believe the investor’s type is finite, th
the market maker cannot set a finite price as a best response and mBstoset
+o0. Finally, from the optimization problem (3), the investor’s best response tc
vertical supply function is to submit a zero demana

To prove part 2 of the proposition, we first state and prove the following lemm:
LEmMmMA 1. Higher typesordered byr, select weakly higher demands.

Proof. Consider two types; andt, such thatr; < 1, and two potential de-
mandsX; and X, suchX; < X,. Suppose that type, prefersX, to X;. Substi-
tuting both demands into Eq. (3) implies

A
11(X2 — Xp) > E%Z(Xg — X%) 4+ XoP, — X1 Pr. (14)

181t is perhaps useful to provide a simple analogy which illustrates why no-trade is an equilibri
in our setting. Consider a stranger who walks up to an agent with an envelope that can contair
amount of money from-co and+oo, and offers to sell it to the agent. It is evident that the agent wil
never accept such an offer since any offer must be unprofitable to the agent. The agent thus impl
imposes a type of oo to the stranger, and refuses to purchase the envelope. This is exactly the situa
faced by the market maker in the discussion given above.
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SinceX; < Xz andty < 12 one has(Xz — Xq1) > 11(X2 — X31). Thus, if an in-
vestor of typer; prefersX, to X; then so does an investor of type =

LEMMA 2. Suppose that there exist types such thaad X, are selected as
equilibrium demands. Then every demand betweemi X, must also be selected
in equilibrium. Furthermoreif a particular demand is selected in equilibrium then
it is selected by one and only one type.

Proof. The proof is by contradiction. Suppose that there exist two po{ats
and X, such that in equilibrium no investor type selects any pairguch that
X1 < X < Xy. Then there must exist a typé such that* earns the same utility
from selecting eitheK; or X,. From Lemma 1, all of the types that selegtmust
lie below t*, and those selectini, must lie abover*. Thus, when comparing
the utility of typet* with that of the other investors selecting eitéror X, one
needs only conduct comparisons with< t* at X; andt > t* at X».

Consider an out-of-equilibrium demamdsuch thatX; < x < X, and a price
response by the market make¢x). Suppose the price response makes some tyj
71 < T* better off. Then the following inequality must hold:

B Xo) > 50206~ X§) + XP() — X1P(X) (15)

Sincex — X; > 0, andr; < t*, itis evident from (15) that any price response by
the market maker that makes an investor of typéetter off must also make an
investor of typer™* better off. Forr, > t* the relevant inequality is

B(x — Xo) > ga,f(xz — X3) + X P(x) — X2P(X2) (16)

However, nowx — X, < 0, andr, > t* so again if an investor of typg > t*
is made better off then the investor of is made better off. Thus, under the D1
criterion ifthe market makers see a defection betwégandX,, they must believe
the errant demand was submitted by an investor of type

Define P(X | t) as the price response of the market makers if they kno
the insider is of typer and the investor demands. Recall from Lemma 1
that higher types submit weakly higher demands. TR, | 7*) > P(X1) and
P(X2 | t*) < P(X3). Also note that since the market makers are risk neutral,
they knowr they must set the same price for all possible demands. Therefore ¢
must haveP(x | 7) forall X; < x < X». Itis evidentthat ifP (X5 | ) < P(Xy),
then the investor can submit a demand slightly be¥pand strictly increase his
utility. Thus, one must have(X; | 7*) = P(X5).

If Pisaconstant, thentheinsider’s objective function (Eq. (3)) is strictly conca
in X. Thus, if P(X1 | %) = P(X1) and P(Xz | 7*) = P(X2) and the investor is
indifferent betweenX; and X,, he must strictly prefer some demand betweel
X1 and X,. Therefore, one must have(X; | t*) > P(X1). Now consider what
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must occur atX;. Using the same argument as given before there cannot e
an Xgo < X1 such that no investor ever selects a demand betweeand X;.17
However, forP(X1 | 7*) > P(X1), one must also have a set of types below
with strictly positive measure, that also seleGt Assume that all types between
7p andt* selectX; (recall from Lemma 1 that demands are weakly increasing
the investor’s type). Now consider a demaXd— § wheres is a small positive
number. From the arguments given above, some investor type or types must s
the demand¥; — §. We also know the set of investor types that select this dema
lie below ;. Thus, at this demand, if one h&(X; | 7*) > P(X; — §) for &
arbitrarily small, then the investor of type can be made strictly better off by
selecting a demanil; — § for sufficiently smalls. This implies that one cannot
have a situation where a set of types belowwith strictly positive measure also
selectX;. But, as shown above, the case where only typselectsX; has also
been ruled out. Therefore, in equilibrium, there cannot exist any two dema
X1 < Xz such that no investor type selects any tydgetweenX; and X,. Using
the § argument given above, one can also rule out the case where multiple ty
select the same equilibrium demands

LEMMA 3. An insider of typé always selects a demand of zero.

Proof. From Lemma 2, whatever demand the investor of type 0 selects o
that investor type selects that demand. The demand selected by an insider of
0 must therefore produce a price of 0. From Egs. (12) and (13), an insider of t
0 will prefer to select a zero demand over any other denkaifd

A
0> _EO'UZXZ,

which is always true. m

LEMMA 4. If trade can take placghen every demand is selected by one an
only one type in equilibrium.

Proof. From the arguments given so far, if a particular demag {s selected
in equilibrium, then the price function in the half open interval X3) must be
continuous and differentiable. Thus, one can use the investor’s first-order
second-order conditions to derive

T—P—P'X—Ac?X=0 (17)
and

—2P' — XP" - As} < 0. (18)

17 Otherwise there will exist a type*™* < t* that is indifferent betweeXo and X1. Since all types
betweenc*x andt* select one must therefore haRéXy | 7**) < P(X3) and the investor of type**
can strictly improve his utility by submitting a demand just belgw
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Since the market maker sés= «t, we can substitute far in (17) to get
Pl — 1)+ a[P'X+ As?X] =0. (19)

We proceed by first proving the following two useful Lemmas.

LEmMMA 5. An equilibrium supply function must have a strictly positive deriva
tive at all possible equilibrium demands.

Proof. Using (23), the second-order condition (18) implies
1 do dt
| -P+—=——— . 2
a[ +drdXT}SO (20)
Now from the investor’s first-order condition, one can show that

d'L' / " 2
d_X=2P+PX+AG”ZO' (21)
Now, use (17) and (21) to eliminateanddz/d X from (28). Some additional
algebra shows that

P/ 2 (P+P/X+AO'?72) R
Rl (zp’ + P'X + Aan) 1+ 5 var@ | 7) |, (22)
o (0702

w

which implies that the investor’'s second-order condition will hold if and only i
P>0. m

LEMMA 6. Let p(X, a) represent a solution to the differential equati¢id)
under the assumption thaf is known. Suppose that(R;) = p(X1, a) for some
X1, and a= a(X;) at X1, wherea(X) represents the beliefs abautinduced by
a demand of X. Theffor all X > X;, we have BX) < p(X, a).1®

Proof. Differentiate (19) with respect to X and then rearrange to obtain

1 do dr
2P - XP' = Ac’=Z]-P 4+ ——[P+PX+As2X]}. (23
o, a{ +deX[ + + Ao, ]} (23)

Consider a poink; > 0. Underp, the equilibrium conditions Egs. (17) and (19)
become

T—p—pxi—Aoixg =0 (24)

18 For notational simplicity, we will often suppress the paramatém the functionp(X, a), and
simply write it asp(X).
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and

p(a—1)+a(p'xs + Ao’xy) = 0. (25)
Seta = E(« | T) atx; under the true price functioR. Now select a price function
p(X) such thatP(x;) = p(Xy).*° Notice that ifP(x1) = p(x1), then Egs. (17) and

(24) imply thatP’ = p’ atx;.
From (6), one has

[\/m p{ 20+02}g(02)d02

(26)
\/Q 27 (02 + o2 p{ 2 024_02}9(0'52) daez
2V ( 2407)
Differentiating (6) with respect to yields
do T .
E = gvar(a | 'L'). (27)
Next, use (27) in (23) to show that
2
xP" =Pt -2)— Ao? - —var(a | r)—. (28)
ao; dX

In comparison, differentiation of Eq. (25) produces an identical equati
with p replacingP everywhere, and vaz([ t) = 0. Wheno? is unknown, then
var(@ | ) > 0. Using this fact in Eq. (28), along with the earlier finding thatsat
one hasP’ = p'. Thus, we find that locallfP must lie belowp to the right ofx;.
We now show thaP cannot crosp from someX > x;. Suppose thaP(xp) =
p(x2) for somex, > X3. At Xo, EQ. (19) implies

pla—1)+a[px+ As/Xa] = Pa — 1)+ a[P'X; + Ao?Xz].  (29)
At a crossing poinP = panda < « so
(@p — aP)xz = P(a — @) + Ao Xo(c — @) = [P + Ao Xz ](x — @). (30)

Since the right-hand side of the above equation is strictly positive, onefas
aP’ > 0,sothatp’ > «P’/a > P’. SoP cannot crosg a second time. m

19 One can find a price function that runs through any single point by adjusting the constant assoc
with the solution to the ordinary differential equation describing the price function.
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From Bhattacharya and Spiegel (1991), none of the solutions to the differe
tial equation with a fixed variance asymptote to plus infinity ¥r- 0. Con-
sider some deman; and the value ofr at that point. Lemma 2 shows that
any solution to the differential equation with a random variance must lie belc
the solution to the differential equation with a fixed variance set equal far
all demands greater thaX,. Thus, the solution to the differential equation with
random variances cannot asymptote to plus infinity. Neither can it go to min
infinity without violating the investor's second order conditions. Therefore, eve
demand produces a finite price response from the market makers. Since even
mand produces a finite price response, and the equilibrium price funct®h is
in equilibrium every demand is selected by one and only one type. We thus obt
Lemma4. =

Part 2 of Proposition 1 follows directly from the above lemmas and the fact t
the maximization problem (3) is continuous and differentiablXin m

Proof of Proposition 2. Only the proof forr > 0 is given. The prooffot < 0
is symmetric.

Consider a candidate supply functiBrand a functiorp (as defined in the proof
of Lemma 6), whera has been selected so thakatone has = «. As stated in
the proposition, for som& = x;, suppose that > 0.5. From Bhattacharya and
Spiegel (1991), itk > 0.5, then the functiorp will fail as an equilibrium supply
function, since for allX greater than some threshold, < 0. Since Lemma 6
shows thatP must lie belowp, one must also have th& will have a negative
derivative for someX. From Lemma 5, ifP’ < O for any X, then P fails as an
equilibrium supply function. This proves Part 1. This proves that i 0.5 for
any X then the only equilibrium involves no trade.

To prove the proposition one now needs to show thafif o2, thena > 0.5
for someX. For this, consider an arbitrarily small> 0. From Eg. (6) in the text,
one can express as

- Zi-ag(o?) do?

u—as &
o= / - exp{
o /2n (O’% + 03)
+ / ’ éexp{ - 3[1—&]}g(af)daf /
of—s V21 (02 +0?) 2
’ & T - 2y 42
/ % expl — f1-a]lg(o?) do
0 J2r(02 +0?) 2

Now multiply the numerator and denominator by exg[a(u — &) — 1]} to
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obtain

2 ~

o058 & T
= —exp{——r(u—é)—‘]}g ?)do?
o /O S la 81} g(0?) do

w

/ ! eXP{ 2lé )—&]}g(of)daf- (31)

Since« is increasing ina , we havea{o? — 8) —&>0if 62 <02—5 and
a(02—8)—a <0 if 62> 02—35. Thus Iff ,9(02)do? > 0, IIm,_>OOo¢>
a(o2 — 8) for any § > 0 since the first term’ |n the numerator of (31) goes t
zero, while the second term goes to infinity. Therefore lim « — a(c).

Sinced = 02/(0? + 02), one has that aX goes to infinitya™ approaches
a2/(02 + c). From the previous part of the proof, if this figure exceeg® then
the only equilibrium involves no trade. Thus, only the no-trade equilibrium exis
if 02/(02 + 02) > 3 or upon rearrangementdf’ > oZ. m

Proof of Proposition 3. Part 1: We first prove the “if” portion of the propo-
sition. Consider &P that equalsp, (X, @) at some poink, where following the
paper’s earlier notatiom = lim._, ., . For P to fail as an equilibrium, there must
exist anX such thatP’ < 0. At the crossing point we know from (30) that the
derivative ofPP is strictly greater than the derivative pf which is strictly greater
than zero. Next divide (19) by and (25) bya. Then set the two equations equal
to each other for some demaddand note that thé\onzx terms cancel with each
other. This produces the following equality:

Pop=(3-1)p- (1) (32)

By definitiona < «. At x our earlier arguments showed thit> p, , therefore
for X just greater tham one hasP > p.. If P > p_ anda < a at some demand
X then (32) shows thaP’ > p_ at that demand. Therefore, for &l > x, the
candidate equilibrium function satisfies the investor’s second-order conditions

We now need to show that the candidate equilibrium function also satisfies
investor’s second-order conditions for all demands between @ difid®’ < 0O for
someX, then it must be that there exists Xn= x; such thatt’ = 0 andP” > 0.
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From (23), ifP’ = 0 then

o dt
P"X + Ac?] + P+ Ac2X] = 0. 33
a[+on]ddx[+0] (33)
From (19),P + As2X = P/a, s0a?[P"X + Ac?] + $2 92 P = 0. FurtherP >

0 from (19), since smce this equation impliegx — 1) + aAUZX = 0. Therefore

Y 5 ldadr
P"X = —Ao, aZdrdXP<0’ (34)
which implies that one cannot hat® = 0 andP” > 0. Thus, the pricing function
must satisfy the second-order condition between 0 and an arbitrarily snsal
as well.

Next, we prove the “only if” part of the proposition. For 2l > 0, suppose some
function P remains strictly belowp, (X, a) by an amount greater than or equal to
8 > 0. Then for someX = x; large enough, one must ha®x;) = p(xz, a) <
pL (X1, @) (wherea = « at the pointx; under the functionP), since Part 1 of
Proposition 3 shows thatgoes taa as X goes to infinity. From Bhattacharya and
Spiegel (1991), any functiop < p. must fail as an equilibrium supply function
since it has a negative derivative for &l above some level. Lemma 6 shows
that for all X > X4, the functionP lies belowp, so P must also have a negative
derivative for someX abovex;. From Lemma 5, this implies th& must also fail
as an equilibrium supply function.

Part 2: We first prove that ling_.o P” > 0. Lete’ anda” represent the first and
second derivative ok with respect toX, respectively. Using this notation, write
Eq. (23) as

’ o 2 o
12 TP M T 1
As X — 0, the third term on the right hand side goes to zero. So it remains to ¢
what happens to the first two terms. As before, definas the linear equilibrium
whene is a constant. In this casp, = kX, wherek is a constant. Far constant
and equal to some numbay Eq. (19) becomes

[P+ P'X+As?X]. (35)

kX(a—1)+a[kX + Ao?X] =0,
which implies that
2
_ aAa,7
1-2a’

Leta=Ilim,oa. Lemma 6 shows that for somé;, if P(X — 1) lies below
pL (X1, @), wherea equalsx given the beliefs induced by the demaKg, then
P(X) lies below some nonlinear functigo(X, a) for all X > X;. Bhattacharya
and Spiegel (1991) show that any candidate supply fungiithat lies belowp,
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fails as an equilibrium supply function, since for sokkarge enough, the function
has a negative slope. Thus, from Proposition 8(iK,) lies belowp, (X1, a), then

P must fail as an equilibrium supply function. From Lemma 3, an insider of type
always selects a zero demand in equilibrium. Therefor¥, t0, an equilibrium
supply function must have the property that

aonn2

P > ,
—1-2a

otherwise for someX > 0, the functionP will lie strictly below p,(a) since at
X > 0, a(X) > aand the functiorP will therefore fail as an equilibrium supply
function.

If

2
n

1—-2a’

aAo

lim P’ >
X—0

then the first two terms in Eq. (35) sum to a strictly positive numbeX as 0,
and so one haB” > 0 asX — 0. Now suppose that

) a.AUn2
lim P’ = ,
X—0 1—2a

andP is concave in a neighborhood around 0. Then, by the definition of concav
P mustlie belowp, (a) forsomeX > 0, and therefor® mustfail as an equilibrium
demand function. Having shown that the equilibrium supply function must |
convex at the origin, the next goal is to show that the equilibrium supply functi
with the greatest liquidity has at least one inflection point, andXfeufficiently
large, is concave.

Define p._(«) as the pseudo-linear equilibrium supply schedule under the :
sumptionthat = lim,_, », a foralldemands< > 0. From the proof of Proposition
3 we know that any price function that satisfies the ordinary differential equati
(8) and crossegy («) will globally satisfy the equilibrium conditions. Consider
the supply schedule(s) that crgsS(a) as the crossing point goes to infinity; these
will be the schedule(s) with the greatest liquidity. No matter what equilibrium su
ply schedule is considered, an investor of type 0 will always select a demand
of 0. Thus, by continuity (recall from Lemma 4 that every demand is selected
one and only one investor type) all potential equilibrium schedules must have
property thatP(0) = 0. This means the equilibrium supply function produces th
same prices ap, (@) at demands of 0 and for somévery large. Also, as shown
in the proof of Proposition 3 for all values below the crossing pointfor 0, the
equilibrium supply schedule lies strictly belopy (o). Thus, atX = 0 one must
haveP’(0) < p_ (0). ForP(X) to equalp, («, X) for someX large one must have
at some point between a demand of 0 atithat P'(x) > p| (x) for somex be-
tween 0 and the crossing point. Finally, at the crossing point one ka&, where
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the approximation can be made arbitrarily accurate by selecting a large eno
value for the crossing point. Equations (19) and (25) therefore imply that at t
crossing pointX the derivativeP’(X) ~ p; (X), where again the approximation
can be made arbitrarily close by selectiXdo be large enough, sa&*. Thus, for
small demands the derivative of the true price function lies bgdpwfor some
intermediate values it lies aboyg , and for large values arbitrarily close X*

it equalsp| . Therefore, the equilibrium supply schedule must have at least o
inflection point. Also note that since(X) approachegp, (X) from below and is
tangent to it aX*, P(X) must be concave immediately to the leftXf. m

Proof of Proposition 4. From Eqg. (6), we have

olo? p{ 2 o2 } 2 2
exp| =2 7 ) g(0?) do
02+02)a/2n(02 +02 2 02+o; € €
vare | 1) = a, (02 +02)y/2r( ) .

[ el ialsen oo

Now, letX(c2) = 52+az Then, we have the result thdtincreases monotonically
in o2. Thus, we can determine the partial derivativeEgiX | ) by noting if an
increase irr causes a first order stochastic dominating shift in the distribution. T
do this, differentiate

m
1 2 _of 2\ 42
|, ool s i oteor) 0o
o0 2
1 12 0f +<72r a? ( o2 ) ]} 2 2
—F— Xy — < — < o?)do
A «/2niaf+agi 2 “202 [oZ+02 o?+o] g( e) €

with respect tar. To simplify the notation, e = ¢2/(c2 + o
(02 + 02). Then, the derivative reduces to

m 2
r /0 i of 5B~ ) |9(0?) do?

2) do2

fo ez exp[—;—;(ﬂ —$9)]9(0?)
B—B*|_ B—p? B — B?
X{E|: S T, S <mi|—E[ S ri|}<0.

This implies that increasing decreases the value of the cumulative distributiol
function at each point, and so increases&arf). m

2yandS = 0202/

w

Proof of Proposition 5. Choose a disclosure cutaffthat is greater than the
lower bound of the support @f?’s distribution but is less tham?. (It is possible
to choose such a so long as the probability that®> < o2 is strictly positive.)
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From Part 1 of Proposition 2, absent a disclosure rule no trade ever occurs. T
when the exchange receives a report thfats greater than any positive cutaff
the upper bound of the support®f's distribution continues to exceegf. In this
case, from Proposition 2 the no-trade equilibrium continues to prevail, so that
investor is no worse off with the disclosure rule than without. Now, suppose t
exchange has not received a report. Thbacomes the upper bound of the suppor
of o?’s distribution, and since < o2, Part 1 of Proposition 3 indicates that trade
will take place. From Lemma 4, only one type of a continuum of insider types w
select a demand of zero when trade can take place. Thus, with probability one
insider will submit a non-zero demand. Since the investor always has the op
of selecting a zero demand, if the investor trades a non-zero amount he mus
strictly better off by revealed preference. Therefore, the expected utility of a
investor must be greater under the disclosure ruleisfset so that < o2, and if
the probability that? < o2 is strictly positive. ®

Proof of Proposition 6. The ex ante expected utility of the investor equals

/c/oo /-00 exg —(A/2)(x(r — P) — (A/Z)anxz trs4 (A/Z)anzsz)]
0 JoooJooo
x h(e, w, €) de ds dr?

+/Do /OO exp[—(A/2)(rs + (A/2)0s) | h(e, w, ¢) de ds,

where the second integral arises because the market does not openinhen
Differentiating the above equation, and using the envelope theorem to elimir
the effect ofx, we obtain the expression in Eq. (9).

To sign the first integral of the expression contained in the proposition, n
that the investor seeks to maximize the term in the first exponential. S&ttiad
produces a value of O for that term, so that the first exponential equals@xp{( 1
at X = 0. Therefore, the valu¥ = x must result in a larger value in the exponen
and thus exp-(A/2)(x(t — P) — (A/2)02x?)} < 1, which signs the firstintegral.
To sign the second integral, note from (6) that an increaseinist increase the
expected value af givent. SinceP = «t, thisimplies that§P/dc)x > 0, which
signs the second integralm

Proof of Proposition 8. Conditional onz; andk;, the market maker in stodk
setsy; via a modified version of (26):

2 ki)do’g

/Jﬁexf){—’é%}g(%
/\/m p{ 2ﬂ2+02} Ui,ki)dof"

a(z, ki) = (36)
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By assumption ™ ((7 | 02 = a) first order domlnateglm(a =b)ifax>
b.Ifkk =0 theno < Cj and |fk =cC theno > ¢j. From Assumptlon 1 this
implies g(cr C) domlnatesg( -, 0). Sinced’ is increasing ino2, this implies

ai(ti, 0) < a. (zi, c) forall 7. m

Proof of Proposition 9. From the market maker’s updating problem one cal
write

2 o2 2 2 242
A e e PR

o (‘(i s O) . (37)

// 2;1(%“6' Xp{ 2021’0}9(63', €J)dg2daz

One can thus write;(zj, 0) = E(@ | 7,0° < Cy, o < Cp). Sincexs is increas-
ing in o -~ any increase in eithey or ¢; must mcrease its expected value. To prove
this statement for the case whére= c, simply rewrite the above equation so that
the limits foro? go fromc; to infinity. Again, any increase in either or c; must
increasey; (X, c) forall X;. m

Proof of Proposition 10. The proof only covers the case ®f > 0; the signs
can simply be reversed for the casg< 0.

From the proof of Proposition 2, in the limitas— oo, P, (X, 0) — pL(Xi, 0)
andP, (Xj, c) - pL(X;, ¢). Sincep. (X, 0) < pL(X;, ¢), there exists aiX* such
that for all X; > X*, B (X, 0) < P (X, ©).

Having shown that for larg&;, the market is more liquid whelky = O rather
than wherk; = c, the next step is to show that this is true foréll> 0. To do this,
we next demonstrate that the two functioR$X;, o) and P, (X, c) never cross,
except atXj = 0.

Rewrite Eq. (19) in terms oP’:

2y.
Pi'=AG"X'_P'+ R
Xi Olixi

(38)

If P (Xi, c)crossed (Xi, o)atX* # 0, thenaiX*, one had/'(Xi, c) > P/(X}, 0).
If P/(X{,c)> P/(X", 0) then the above implies; (X", ¢) < «i(X{", 0). The
trader's first order conditions imply that; = B + P/X; + Ao,fxi. Since
P/(X{, ¢) > P/(X, 0) one hag; (X, ¢) > (X, 0). But P = 7 (g, ki) and if
5 (X", ©) > 5 (X{, 0), theny; (X", ¢) > «; (X}, 0) by the fact tha; is increasingin
7 and (from Lemma 8; (zi, ¢) > «;i (7, 0) for all 7j. Thusz; (X{*, ¢i)ei (X', i) >
7 (X{", 0)a; (X, 0) which impliesP, (X, ¢) > P, (X", 0), a contradiction. Thus,
P, (Xi, 0) cannot cross?, (X, ¢), and so one ha® (X, o) > P, (X, c) for all
Xi>0. m
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