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This paper studies the role of preopening periods in liquidity formation and welfare in financial
markets. Because no transaction occurs during these preopening periods, their economic signif-
icance could be questioned. We model a market where costly participation and asymmetric in-
formation prevent latent liquidity from being expressed. At equilibrium, risk-averse insiders use
preopening periods to better coordinate supply and demand of liquidity by communicating liquid-
ity needs, thus improving welfare. Partial or full communication of private signals by the insider
with the asset at preopening periods does not always enhance liquidity formation, but improves
welfare through reducing adverse selection risk faced by the outsider and increasing the likelihood
of her entry. Our findings have implications for portfolio management and the design of financial

markets.
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INTRODUCTION

Many stock markets around the world (e.g. NASDAQ, Toronto Stock Exchange, Paris Bourse,
Milan Borsa, and Madrid Borsa) allow traders to place non-binding orders before actual trad-
ing. These orders result in tentative prices that are publicly disseminated. Because preopening
periods do not give rise to transactions, their economic significance could be questioned. How-
ever, the empirical and theoretical literature in market microstructure has shown that, despite the
absence of transactions, preopening periods reveal information. Biais et al. (1999), Cao et al.
(2000), Barclay and Hendershott (2003), Barclay and Hendershott (2008), Jiang et al. (2012)
and Pagano et al. (2013) empirically document that indicative prices in preopening periods re-
flect learning of stocks equilibrium valuation in different markets. Vives (1995) and Medrano

and Vives (2001) propose models to show that tentative prices reveal information if the orders



placed during the preopening period can be executed with a non-null probability. Less attention,
however, has been paid to the potential influence of preopening periods on liquidity formation
and welfare. This paper proposes a theoretical model to address these issues.

We consider a theoretical model with one risky asset and two traders: an insider and an
outsider. The insider receives an endowment shock, which grants him the risky asset with a
positive probability. The insider is risk averse and the outsider risk neutral, it is thus optimal
for the insider to sell the risky asset to the outsider to hedge his position and for the outsider
to provide liquidity to the insider. Our analysis is based on two premises. First, we consider
that the liquidity provider (the outsider) has to pay a cost to participate in the market. This
cost can be thought of as an opportunity cost related to the time spent learning about market
conditions. Second, we consider that there are information asymmetries between traders. In
particular, we assume that the insider possesses superior information not only on his liquidity
need (endowment shock) but also on asset value which can be high or low. These two frictions
magnify the difficulty of providing liquidity to the market.

In this framework, the insider uses the preopening period to place non-binding orders to
communicate his liquidity needs and/or private signals on asset value to the outsider. Since
preopening periods do not translate into actual trades, the conditions under which the insider
has incentives to truthfully reveal his information to the outsider is a major concern. In this
paper, we consider fifteen pure strategies that the insider can take at preopening periods to
partially or fully reveal his information on liquidity needs and/or private signals. We find three
strategies dominating others in equilibrium. The first strategy is preannouncement of liquidity
needs. The truthful communication of liquidity needs is always an equilibrium since no conflicts
of interest between the traders arises regarding the endowment shock. The other two strategies
include partial and full communication of private signals by the insider with the asset. The
truthful communication of private signals concerning asset value is not always feasible, because
the insider with the asset receiving low quality signal may have incentives to mimic the high
quality signal.

The truthful transmission on asset values is only feasible under two scenarios. One is when

the gains from trade are small and the adverse selection very severe. In this case, the outsider



optimally chooses to shut down trading with high quality asset in the trading stage. Therefore,
the insider will not obtain any informational rent regardless of his private signals on asset values,
which prevents him from manipulating the information at the preopening stage. The other
situation is when the entry cost is sufficiently high, in which case the outsider can credibly
punish the lying behavior of the insider by staying out of the market given the preannouncement
by the insider with the asset that the signal is of high quality. This contingent no entry decision
at the preopening stage works as a punishment mechanism to ensure that the insider has no
incentive to lie.

We further study the impact of preopening periods on liquidity formation and welfare. On
the one hand, we find that the insider uses the preopening period to communicate his liquidity
shocks that need to be hedged. This allows the outsider to make a contingent entry decision
based on liquidity shocks, which saves her entry cost, coordinates the supply and demand of
liquidity and reduces the likelihood of market breakdowns. Therefore, preannouncing liquid-
ity needs improves social welfare. On the other hand, the insider with liquidity needs might
also partially or fully reveal his private signals concerning asset value during the preopening
period. It reduces the adverse selection risk faced by the outsider. We find that this type of
communication improves social welfare but may sometimes reduce liquidity formation.

Our model is inspired by Laffont and Maskin (1990) in that it analyzes trading using contract
theory. Our approach differs from theirs in two dimensions. First, in lieu of a risk-neutral in-
sider, we consider a risk-averse insider with two trading motivations: informed speculation and
hedging, in line with, e.g., Bhattacharya and Spiegel (1991) and Biais et al. (2000). Second,
we study the role of alternative market mechanisms, namely the presence or not of a preopen-
ing period, and their welfare implications. The role of the preopening period in coordinating
supply and demand of liquidity is in line with the theoretical analysis of sunshine trading by
Admati and Pfleiderer (1991). We complement their study in three aspects. Admati and Pflei-
derer (1991) 1) model the traders preannouncing their orders as noise traders, ii) consider that
preannouncing traders are always uninformed, and iii) do not specify the mechanism through
which preannouncement reaches the market. In contrast, we study a market game where all

traders are utility maximizing agents. This allows us to study the strategic dimension of prean-



nouncement and its welfare implications. We also consider that the preannouncing traders can
have superior information. This allows us to investigate the role of preannouncement in price
formation and information revelation. Finally, we explicitly model the market mechanism that
can accommodate preannouncements, i.e., the preopening period.

Our paper is also related to the theoretical analyses of preopening periods. Vives (1995) and
Medrano and Vives (2001) show that tentative prices can reveal information if the orders placed
during the preopening period can be executed with a non-null probability. We complement
these findings in two ways: 1) we show that, even when agents can place non-binding orders,
preopening periods can generate useful pricing information, and ii) we address the issue of
liquidity formation. Baruch (2005) studies the impact of transparency on market openings by
comparing closed and open limit-order books. Our preopening period has a similar spirit to his
open limit-order book consideration.

Our result that insiders might have an incentive to reveal their private information during
a round of preplay non-binding communication echoes the findings of Spatt and Srivastava
(1991). They show that truthful preplay communication in initial public offerings can be part of
an optimal auction mechanism. In their model, traders’ incentives to disclose private informa-
tion are related to the fact that announcing true valuations does not affect prices, but maximizes
traders’ probability to receive the asset (in the spirit of a second price auction). In contrast, risk-
averse traders in our model have an incentive to truthfully reveal information because trading
strategies endogenously preclude manipulation to be profitable.

The rest of this paper is organized as follows: Section I. describes the model. Section II.
presents the equilibrium analysis, Section III. analyzes how the preopening period affects lig-
uidity formation and welfare, and Section IV. concludes by offering implications for portfolio

managers and market organizers. Proofs are in the Appendix.

[. THE MODEL

Consider a financial market for a risky asset with value ¥ = 6 + &. 0 is a random variable
that takes the values 6; and 0y with equal probability, where 6y > 6;. € is a centered normal

variable with variance 62, i.e., & ~ N(0,5?).



There are two investors: one insider (referred to as he and denoted by I), and one outsider
(referred to as she and denoted by O). The insider is risk averse with a negative exponential
utility function with constant absolute risk aversion parameter denoted by A. The outsider is
risk neutral.

The timeline of the trading in the financial market is as in Figure 1.
[Figure 1 here]

At the beginning, the insider receives an endowment shock &, which takes the value 1 with
probability A and the value O with probability 1 — A. When the endowment shock is 1, the
insider owns the risky asset. When the endowment shock is 0, the insider does not own the
asset. We assume that the asset is divisible. In addition, the insider privately observes a signal

§, which is correlated with 6.

prob(5 =670 = 6,) = prob(5 = 60y|0 = 6y) = p
(D
prob(§ = 6y|0 = 0p) = prob(§ = 6,|0 = 6y) = 1 — p,

where p > % Equation (1) indicates that if 6 = 6; (6 = 6y), the insider observes a signal 6f
(6g) with probability p and a signal 8y (6;)with probability 1 — p. Since p > %, the signal is
informative.

After the insider privately observes his endowment shock and the signal on the asset value,
there is a preopening period where the insider can submit a non-binding limited order (g,!),
where g represents a quantity and / is a limit price. After observing (g, 1), the outsider can decide
whether or not to enter the market with an entry cost c. As in Grossman and Miller (1988) and
Admati and Pfleiderer (1991), if she decides to participate in the market, the outsider incurs a
cost ¢. This cost can be interpreted as an order processing cost. It can also be thought of as an
opportunity cost related to the time spent learning about market conditions or the cost of freeing
up capital for trading. In the meantime, the insider perfectly observes the value of 8. This
assumption indicates that the information set of the insider can evolve during the preopening
period. This assumption comes from the fact that traders can keep updating their information set

from different sources during the preopening period. It also makes our setup more general since



the case where the insider does not change his information set corresponds to a special scenario
in our model that the signal received by the insider before the preopening period is perfectly
informative. In addition, with this assumption, our model can generate some interesting results
in Section II.(c) on how the informativeness of the insider’s private signal affects the parameter
range of the credible information transmission regarding asset values during the preopening
period.

Given that the outsider enters the market and pays the cost ¢, the game proceeds to the trading
period. The outsider submits a menu of binding limit orders denoted by (a,P) where « is a
vector of quantities and P is a vector of associated limit prices (If the insider were to submit limit
orders at the trading stage, we would be in a signaling game. This would induce equilibrium
multiplicity.). The insider chooses to trade against one of the limit orders submitted by the
outsider. This decision is denoted by m where m = i represents that the insider chooses to
execute the order (o, P;). In our setup, the insider has four types since he has private information
on both his endowment shock and asset value. The revelation principle allows us to restrict our
attention to the case where the outsider submits four binding limit orders at the trading stage.
Limit orders with 0 quantity represent no trading. Finally, the trading ends. The value of asset
v becomes publicly observable and consumption occurs.

In this game, an insider strategy is a pair of mappings (¢,1): ({0,1},{6r,6r}) — (R,R) and
m: ({0,1},{6,0n}) — {1,2,3,4}. The mapping (q,l) prescribes a non-binding limit order
(g,1)(e,s) at the preopening stage on the basis of his endowment shock e and private signal
s. The mapping m prescribes a market order m(e, 6) at the trading stage to execute one of the
outsider’s limit orders on the basis of his endowment shock e and asset value 6.

An outsider strategy is a pair of mappings d : (R,R) — {0,1} and (o, P) : (R,R) — R* x R*.
The mapping d prescribes an entry decision d(g, ) conditional on the insider’s non-binding limit
order, where d = 1 stands for entry while d = 0 stands for no entry. The mapping (¢, P)(q,!1)
prescribes the limit orders the outsider submits conditional on the insider’s non-binding limit
order. We use the convention that positive numbers of g and o represent purchases. The con-

ditional beliefs of the outsider are represented by a mapping that associates to each collection



of limit orders (g, ) a probability function Pr|-|(¢,1)] on {&,8}, where Pr[¢ = e,0 = 6|(q,1)] is
the probability that the outsider attaches to {& = e, 8 = 8} given the insider’s limit order (g,1).

To sum up, the trading stage is modeled as a principal-agent game with the outsider as prin-
cipal and the insider as agent, and the preopening period is modeled as a round of pre-play
communication where the agent can transmit information to the principal by submitting a non-

binding limit order.

II. EQUILIBRIUM ANALYSIS

We first consider a benchmark case with no information asymmetry. If the insider does not
own the asset, i.e., e = 0, no trade happens. However, if the insider owns the asset, i.e., e = 1,
there are gains from trade. At the trading stage, the outsider proposes a price P; = 6; — %AG2
to buy the asset from the insider when 6 = 6;, where i = L,H. Trading volume is always 1.
The insider can sell his total asset to the outsider regardless of the realization of the asset value
6. This allocation allows an optimal transfer of risk from the risk-averse insider to the risk-
neutral outsider, and the pricing allows the outsider to extract all the gains from trade: she earns
an expected profit equal to %A()‘2 while the insider has an expected utility equal to his outside
option 6; — %Aaz, where i = L, H. At the preopening stage, the outsider enters into the trading
stageonlyifé=1and ¢ < %Aoz.

We now turn to the more interesting case with information asymmetry. In this case, the
insider has two trading motives: hedging and informed speculation, in line with Bhattacharya
and Spiegel (1991). In this section, we will solve our model backward analyzing first the trading

period, then the preopening period.

(a) TRADING PERIOD

At the trading stage, the outsider has already made her entry decision. The cost of market
participation is thus a sunk cost. We therefore ignore it for now and will reintroduce it when
we explicitly consider the entry decision and the participation constraint of the outsider at the

preopening stage. Given that the outsider decided to enter the market, she has to choose a



menu of limit order (o, P) to maximize her expected trading profits, given that the incentive
and participation constraints of the insider are satisfied.

We denote Ozij , Pl.j , Uij , Vl.j and b{ as the trading volume, price, utility of the insider, the utility
of the outsider and the outsider’s belief at the trading stage on type {é = j, 0 = 6;}, where
j=0,1andi=L,H. By solving the trading game at the trading stage, we obtain the following

result.

LEMMA 1 Denote K = (;:—SZL. For the case where K > 1, the equilibrium trading strategies
and utilities of both the outsider and the insider in the trading stage are shown in Table 1. For

the case where K < 1, the results are in Table 2.

[Table 1 here]

[Table 2 here]

The coefficient K represents the important risk-sharing benefits, measured by Ac?, relative
to the adverse selection risk, measured by the difference 6y — 0y. Tables 1 and 2 characterize
the second best equilibrium and show how the outsider’s order placement strategy, including
prices and volumes, as well as how both agents’ utilities are affected by adverse selection.

In Table 1, we consider the case where K > 1, i.e., A6 > 0y — 6;. In this case, the insider
without the asset will choose to stay out of the market rather than mimic the one with the asset.
The limit orders proposed by the outsider for the insider without the asset always specify 0
trading volume. Both the insider and the outsider get their outside option values.

b
bl

The limit orders for the insider with the asset, however, depends on the outsider’s belief
1.e., the likelithood of meeting type 0y asset relative to type Oy asset. There is a trade-off between
efficiency and informational rent. To ensure that the insider with low quality asset 8; will not
mimic the one with high quality asset 8y, the insider with asset 87 must obtain an informational
rent, which is an increasing function of the trading volume of type Oy (a}i). Thus, a decrease

in OC}I will reduce the informational rent if the insider owns asset 6y, but it will simultaneously

reduce the efficiency gain of risk sharing if the insider owns asset 8y. In this case, the trade-off



between the informational cost and the risk-sharing efficiency depends on the outsider’s belief

by,
bl

If the outsider believes that it is more likely to meet the insider with asset 0;, she cares more

1 1
about the informational cost than the efficiency gain, thus oc}l decreases with :—f. Actually, if :—IL
H H

is sufficiently large, i.e., % > K, the outsider will shut down the trading with the insider holding
asset Oy ((x}, = 0). If the asset value 0 turns out to be Oy, the insider sells the total asset to the
outsider and obtains his outside option value plus informational rent a; (6 — 6;.). The outsider
gets a revenue equal to total efficiency gain of risk sharing %Acr2 minus the informational rent
paid to the insider (X}{(GH — 6r). If the asset value 6 turns out to be 8y, the insider sells part or
none of the asset to the outsider and always gets his outside option value. The outsider obtains
a revenue equal to partial efficiency gain from risk sharing %AGZ(I — (1 —a},)?), which is 0
when OC}I =0.

In Table 2, we consider the case where K < 1, i.e., A6 < 6y — 6;. In this case, the insider
without the asset may want to mimic the one with the asset. When % is sufficiently low, i.e.,
bl
by

< K(1 —K), the informational rent to the insider holding the type 6 asset is very large.
In this case, the insider without the asset but observing the asset value 6, wants to pretend to
have the liquidity needs and trade with the outsider to get the informational rent but at a cost
of bearing risk. In this case, on the one hand, the outsider should reduce the trading volume
for the insider holding the type Oy asset to reduce the informational rent. On the other hand,
the outsider can increase the trading volume for the insider holding type 6y, asset beyond 1 to

increase the cost of risk bearing for the insider without the asset. When the outsider believes

that the probability to meet the insider without the asset but observing 6, is sufficiently large,

bO
€., b—% > il
L Kttg
H
the asset further to shut down the participation of the insider without the asset. For the case

i

— 1, she wants to distort the trading volume ¢ and aj; for the insider with

by

by . .
where £ is large, i.e., o
H

o > K(1—K), we return to the case where the insider without the asset
H

always chooses to stay out of the market. We will get exactly the same results as in Table 1.

The utilities of the insider and the outsider are also displayed in the table.



In summary, in the case where K > 1, if the insider does not own the asset, the outsider
will not trade with the insider and no risk sharing is needed; if the insider owns the asset, the
outsider buys all the endowment and the allocation of risk is optimal only when the asset is of
low quality. However, when the asset is of high quality, the trading volume is lower than the
optimal risk sharing level 1 to ensure incentive compatibility. In the case where K < 1, if the
insider does not own the asset, overtrading might exist since the insider without the asset may
mimic the one with the asset; if the insider owns the asset, undertrading always happens and
risk sharing is lower than the optimal level when the asset is of high quality. When the asset
is of low quality, overtrading might happen, in which case the allocation of risk is not optimal
either.

In addition, we can see that the outsider’s beliefs concerning the types of insiders, especially

1
PL have a crucial impact on the limit orders she proposes to the insider at the trading stage.

E’
In the following, we will study whether the insider can transmit his private information on
liquidity needs and (or) asset values to the outsider at the preopening stage in order to influence

her belief, and thereby influence her order placement strategy at the trading stage.

(b) PREOPENING PERIOD

For the analysis of the preopening stage, the strategy profiles at the trading stage are omitted
since they correspond to the equilibrium situation. There are fifteen pure strategy profiles that
are candidates for equilibrium at the preopening stage. We classify these strategy profiles into
two categories:

1) Category I strategy profiles: the insider chooses to preannounce the same non-binding
limit order (q;,/;) for (¢ =1,§ = Oy) and (¢ = 1,§ = 6). That is, the insider owning the
asset chooses to send the same message to the outsider regardless of his private signal on asset
value. The outsider updates her beliefs over & and 6 based on the strategy and the non-binding
limit order the insider takes, and then determines her entry decision d and subsequent trading
strategies. In Table 3, we list the details of the five category I strategies, 1.e., strategies 1 to 5,

and the updated outsider’s beliefs over four types.
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i1) Category II strategy profiles: the insider chooses to preannounce two different non-binding
limit orders (q1,11) and (g2,l,) for (6 =1,5§ = 6y) and (¢ = 1,5 = 6;), respectively. That is, the
insider owning the asset chooses to send different messages to the outsider conditional on his
private signal on asset value. The outsider updates her beliefs over & and 6 based on the strategy
and the non-binding limit order the insider takes, and then determines her entry decision d and
subsequent trading strategies. In Table 4, we list the details of the ten category II strategies, i.e.,

strategies 6 to 15, and the updated outsider’s beliefs over four types.

[Table 3 here]

[Table 4 here]

To complete the characterization of the perfect Bayesian equilibrium, we specify the follow-
ing out-of-equilibrium beliefs: if the outsider observes an action that is not part of the equilib-
rium path, the outsider makes entry and trading decisions based on her prior belief on liquidity
needs and asset values.

The main idea behind the above classification is the following: the main agency problem in
our framework is that the insider with the asset observing a low quality signal has incentives to
pretend to receive a high quality signal. By doing so, the insider wants to reduce the outsider’s
belief on the likelihood of a low quality asset relative to a high quality one (%) and increase
his own informational rent at the trading stage. For category I strategies, the insider with the
asset always sends the same message to the outsider regardless of his private signal. For these
strategies, this agency problem is not an issue. However, for category II strategies, the insider
with the asset sends different messages to the outsider conditional on his private signal. The
main objective is to find the conditions under which the insider with the asset pretending to
receive a high quality signal is prevented.

Denote V (bg, b%, bi, b}q) as the expected utility of the outsider at the preopening stage given
no entry cost and her belief b{ over (€ = j, 6= 0;), where j = 0,1 and i = L, H. Please see the
detailed function of V (bg, b%, bi, b}q) in Appendix B. Denote V; ; as the expected utility of the
outsider without entry cost conditional on message (¢;,/;) and the insider’s strategy j at the pre-

opening stage, where i = 1,...,4and j=1,...,15,i.e., Vi j =V (b9, 5%, b} b}, |(qi, ;) strategy j),
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and Vj as the expected utility of the outsider without entry cost with her prior beliefs over (¢, 0),

e, Vo=V (1(1-2),1(1-2),12,14).

For category I strategies, the insider with the asset chooses to send the same message to the
outsider at the preopening stage regardless of his private signal on asset value. This type of
strategies precludes the insider with the asset from pretending to receive a high quality signal.

It thus yields the following result:
PROPOSITION 1 A category I strategy is always an equilibrium.

We compare the category I strategies and obtain the following result. In this paper, we call a
strategy dominates if both the outsider and the insider earn higher utility or at least as high as

any other strategy in the comparison.

PROPOSITION 2 Strategy 1, where the insider preannounces (q,1y) if he owns the asset and

(q2,b2) if he does not, dominates other category I strategies.

Proposition 2 implies that, among category I strategies, both the insider and the outsider are
better off by communicating endowment shocks at the preopening stage (Strategy 2 is equiva-
lent to strategy 1 since communicating private signals in case of no liquidity need does not add
value). Through this communication, the outsider provides liquidity only when the liquidity
need is preannounced by the insider. The outsider benefits from this communication by saving
her entry cost in case of no liquidity needs. The insider also benefits because this communi-
cation allows more entry of the outsider when the participation cost is high and reduces the

probability of market breakdown.

We next characterize whether and when a category II strategy profile can be an equilibrium.

PROPOSITION 3 A category II strategy j, where j = 6,...,15, is an equilibrium under the
following four scenarios: i) if K < I_Tp; ii) ifl% <K<landc>Vyj iii)ifl <K < % and

¢ >max{Vo,V1 ;}; and iv) if K > {£ and ¢ > max{Vp, V1 ;, V2 ;}.

For category II strategies, the insider with the asset sends different messages conditional on

his private signal on asset value. Thus, the insider with the asset observing a low quality signal

12



1
has incentives to mimic a high quality signal to reduce the outsider’s belief :—f and increase his
H

informational rent at the trading stage.

Proposition 3 argues that a category II strategy can be an equilibrium, but its feasibility de-
pends on the magnitude of K. First, if K is sufficiently small, i.e., K < I_Tp, regardless of the
insider’s reports at the preopening stage, the outsider’s belief % is always larger than the thresh-
old K. In this case, the trading profiles at the trading stage are as Scenario 4 in Table 2 and the
insider always obtains outside option value. Thus, the insider with the asset has no incentive to
lie about his private signal on asset value.

Second, if lfT” < K < 1, the insider with the asset observing signal 6; has incentives to send
message (q1,11) to pretend to receive signal Oy, since by doing this he can get more informa-
tional rent at the trading stage. The outsider can punish the lying behavior of the insider through
no entry conditional on message (gi,/1). The condition ¢ > V; ; ensures that this punishment
is credible. In this parameter range, the insider has no incentive to switch to off-equilibrium
strategies either, since he gets no informational rent by doing so.

Third, if 1 < K < %, the mechanism is similar to the second scenario with one differ-
ence that ¢ > max{Vp,V) ;}, where the condition ¢ > max{Vp,V; ;} ensures that the outsider
chooses no entry given message (q1,/;) or her prior beliefs. Thus, the above condition prevents
the insider from pretending to receive a high quality signal or reporting other off-equilibrium
messages at the preopening stage.

Fourth, if K is sufficiently large, i.e., K > %, the condition ¢ > max{Vo,VL iV, j} ensures
that the outsider would never enter into the trading stage regardless of the insider’s reports at
the preopening stage. Thus, the insider has no incentives to lie on his private signals. This

parameter range is less interesting since no trading occurs.

In our framework, the outsider must pay a cost ¢ to enter into the trading stage. One could
think that the introduction of the entry cost is a bad thing for trading. However, we find that
the introduction of the entry cost is sometimes a good thing for information transmission at
the preopening stage. By comparing with the case without entry cost, we obtain an interesting

result as follows.
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COROLLARY 1 With an entry cost c, the contingent entry decision made by the outsider
based on the information at the preopening stage can work as a mechanism to punish the lying
behavior of the insider and make the information transmission on private signals be feasible
in a wider parameter range. In order to make the punishment credible, the entry cost must be

sufficiently high.

Without an entry cost, the outsider always enters into the trading stage regardless of the
insider’s report. In this case, when the insider owns the asset, sending different messages condi-
tional on private signals cannot be an equilibrium when K is relatively large. However, with an
entry cost, the outsider not only designs her trading profiles but also makes her entry decision
contingent on the information she receives from the insider at the preopening stage. This con-
tingent entry decision can work as a mechanism to punish the lying behavior of the insider. The
insider with the asset observing signal ; has an incentive to mimic 8y, while the contingent no
entry decision of the outsider works as a punishment mechanism to ensure that the insider has
no incentive to lie. In this case, the entry cost makes the transmission on private signals to be
feasible in a wider parameter range. But the existence of the entry cost does not guarantee the
credibility of the punishment. If the entry cost is lower than the outsider’s expected utility, the
outsider cannot promise to stay out of the market given message (q1,/;) for signal 6. Thus, to

make the punishment promise credible, the entry cost must be sufficiently high.

Next, we compare the equilibria of category II strategies and obtain the result as follows.
PROPOSITION 4

o IfK < lpr, strategy 6, where the insider preannounces (q1,1y) if he observes (1,06y),
(q2,12) if he observes (1,0r), and (q3,13) if he observes (¢,5) € {(0,6g),(0,6r)}, domi-

nates other category Il strategies.

o If 1—717 <K< lf;p’ strategy 14, where the insider preannounces (qi,11) if he observes

(€,5) € {(1,6x),(0,6),(0,6L)} and (g2,12) if he observes (1,6L), dominates other cat-

egory Il strategies.
o IfK > %, there is no trading in all category I equilibria.

14



IfK < I_Tp, any category II strategy is an equilibrium. Strategy 6 dominates because the
outsider is better off by making entry and trading decisions contingent on the most precise in-
formation, while this would not hurt the insider since he always obtains the outside option value
in equilibria in this parameter range (Strategy 7 is equivalent to strategy 6 since communicating
private signals in case of no liquidity need does not add value.). If I_Tp <K< %, in all cat-
egory II equilibria the outsider can enter into the trading stage only if she observes (g2,/;) and
stays out of the market otherwise. This no entry decision works as a punishment mechanism
for the lying behavior of the insider. With strategy 14, both the insider and the outsider benefit
from perfectly coordinating the liquidity supply and demand given message (g»,/2) since the
insider communicates (¢g,/>) only when he observes (¢ = 1,§ = ) without mixing with the
no liquidity need types as some other category II strategies. Moreover, by sending the same
preopening message (q1,1) for type (¢ = 1,5 = 0y) and the other two types without liquidity
shocks, the outsider’s expected utility conditional on (gp,/;) is the lowest and thus the pun-
ishment condition is easiest to be satisfied. If K > %, there is no trading in all Category II

equilibria.

(c) SELECTION OF EQUILIBRIUM

In this subsection, we consider the selection of equilibrium. Since the insider is active at the
preopening stage, we assume that he decides which equilibrium to play based on the following
rule: at the preopening stage, the insider selects the equilibrium that maximizes his expected
utility subject to the participation constraint of the outsider, and in the case where he obtains
exactly the same utility at different equilibria, he chooses the one which maximizes the expected

payoff of the outsider.
PROPOSITION 5 At the preopening stage,

o [fK < I_Tp, the insider chooses strategy 6, i.e., preannouncing (q1,l1) if he observes

(1,6m), (q2,12) if he observes (1,0r), and (g3,13) otherwise.

o If I_TP <K< %, there exists ¢’ > 0 such that the insider chooses strategy 1, i.e., pre-

announcing (q1,11) if he owns the asset and (q»,1) otherwise, when c € [0,c'], and strat-
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egy 14, i.e., preannouncing (q2,1») if he observes (1,60r), and (q1,l1) otherwise, when

c € (¢!, +o).

o IfK> %, the insider chooses strategy 1, i.e., preannouncing (q1,1y) if he owns the asset

and (qa,1) otherwise.

The exact value of ¢’ is as equation (23) in Appendix G. The result of Proposition 5 is depicted

in Figure 2.
[Figure 2 here]

The economic intuition is that if K is large, i.e., the gains from trade Ac? is large or the
adverse risk faced by the outsider is not a major concern with a small 6y — 0y, the insider and
the outsider only communicate the liquidity needs, i.e., strategy 1. However, if K is small,
i.e., the gains from trade Ac? is small and the adverse risk becomes a main issue with a large
Oy — 0L, the insider with the asset prefers to fully communicate private signals, i.e., strategy 6.
With intermediate K, the equilibrium depends on the magnitude of the entry cost. With a larger
¢, the outsider is more able to use the contingent entry decision to punish the lying behavior of
the insider by staying out of the market. In this case, partially communicating private signals
for the insider with the asset becomes a more feasible tool at the preopening stage. The result
that the insider is voluntarily revealing some information during the preopening period to reduce
adverse selection costs for the outsider may appear counterintuitive. This is because, conditional
on trading, the insider would prefer having such an advantage. However, given that the outsider
may not participate in the market because of the adverse selection cost and the cost of market
participation, the insider is better off preannouncing his advantage to increase the likelihood of

trading.
IIT. INFORMATION TRANSMISSION, LIQUIDITY FORMATION AND SOCIAL

WELFARE

In this section, we study how the existence of a preopening period, especially the information
transmission on liquidity needs and/or private signals at this period, affects liquidity formation

and social welfare. Specifically, we compare strategy 1, 6 or 14 with the case of no preopening
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period since these three strategies dominate other strategies in equilibrium and are selected by
the insider at the preopening stage.
The following proposition illustrates how the communication of liquidity needs at the pre-

opening stage affects liquidity formation.

PROPOSITION 6 Compared with the case of no preopening period, communication of lig-
uidity needs at the preopening stage, i.e., strategy 1, allows better coordination of the demand

and supply of liquidity, and is able to avoid market breakdown when ¢ € (Vp, V) 1].

The outsider provides liquidity only if the liquidity need is preannounced by the insider,
and stays out of the market otherwise. The communication of liquidity needs helps save the
outsider’s entry cost and coordinate the demand and the supply of liquidity. The outsider is
better off and would like to enter more into the trading stage, thus reducing the occurrence of
market breakdown. When ¢ € (Vp,V 1], the outsider chooses to stay out of the market without a
preopening period, however trading occurs if the liquidity need is preannounced by the insider

at the preopening stage.

Next we analyze the impact on market liquidity formation of communication of private sig-

nals by the insider with the asset through strategy 6 or 14.

PROPOSITION 7 Compared with the case of no preopening period, strategy j, where j =
6,14, always improves liquidity provision through fully or partially communicating private
signals, except on the occasion Vy j < Vo, where the outsider provides less liquidity when

cc (VLJ',V()].

Proposition 7 tells us that most of the time, communicating private signals in strategy 6 or 14
can help reduce market breakdown phenomena that would occur in the absence of a preopening
period and improve liquidity provision. Such an increase is however not guaranteed because
the outsider’s entry decision is less in phase with liquidity needs. In the case where V| ; < Vg
and ¢ € (Vi j, Vo], without preopening stage, the outsider always enters into the trading game.
However, through communicating private signals at the preopening stage, the outsider enters
only if the insider with the asset observing a low quality signal is preannounced to reduce the

adverse selection risk she faces. In this case, the outsider provides less liquidity.
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In the following, we turn to analyze how these three strategies affect the social welfare.

PROPOSITION 8 Compared with the case of no preopening period, the communication of
liquidity needs and/or private signals at the preopening stage through strategies 1, 6 and 14

always improves social welfare.

Communicating liquidity needs better coordinates the supply and demand of liquidity and
preannouncing private signals on asset value reduces the adverse selection risk faced by the
outsider. In other words, the communication of liquidity needs and/or private signals allows the
outsider to make more efficient entry and trading decisions based on more precise information.
Thus, the outsider is better off. The insider is not worse off, otherwise he can switch to report
off-equilibrium messages and the outsider will decide entry and trading strategies based her

prior belief, the possibility of which has been ruled out when constructing the equilibrium.

IV. CONCLUSION

This paper studies the role of preopening periods in financial markets. We propose a theoretical
model where a preopening period is instrumental in the liquidity formation process. In our set-
ting, liquidity is latent because of the cost of market participation and because of information
asymmetries. At equilibrium, risk-averse insiders use the preopening period to communicate
liquidity needs and/or their private information concerning asset valuation. This communica-
tion mitigates the influence of market imperfections. Welfare can be enhanced owing to the
savings on the cost of market participation and a reduction in the adverse selection risk borne
by liquidity providers. In addition, the introduction of a preopening period is expected to reduce
the likelihood of market breakdowns.

This paper has implications for portfolio management. It suggests that preopening periods
can be used to attract latent liquidity. As a result, the actual market liquidity can be higher
than what is indicated by the average state of the order book. Indeed, trading sessions where
preannouncement has been made during the preopening period display a high liquidity. On
the contrary, trading sessions where no preannouncement has occurred display a low liquidity.
Overall, the time series averages of liquidity measures do not reflect the latent liquidity and

thus underestimate the quality of the market. Portfolio managers can thus benefit from realizing
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that liquidity is endogenous and responds positively to the implementation of trading strategies
based on preannouncements. This is in line with the empirical findings of Dia and Pouget
(2011).

This paper also has implications for the design of financial markets. It shows that intro-
ducing a preopening period may trigger welfare improvements when there is a cost of market
participation. Market organizers may thus have an interest in providing traders with pre-trade
communication platforms such as preopening periods as a way to disseminate information re-

garding both liquidity needs and asset valuation.
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APPENDIX A: PROOF OF LEMMA 1

Because the utility function of the insider is a CARA utility function and the distribution of ¥
conditional on 6 = ; is a normal random variable with mean 6; and variance o2, the incentive
compatibility constraints ensuring that the insider observing 8 = 6; has no incentive to lie about

his endowment shock are as follows:

1 1
2) olP)— o6, — EAGZ(—OCB)Z >a/P —aj6; — EAcfz(—ocLl)z,
and

1 1
(3) aPl+(1—-a})or— EAGZ(l — o) > PP+ (1— )6, — EAGZ(I —a))?,
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where condition (2) implies that given observing @ = 6y, the insider without the asset does not
want to mimic the one with the asset, and condition (3) indicates that the insider has the asset
does not want to pretend that he does not.

Similarly, we obtain the incentive compatibility constraints which guarantee that the insider

observing & = Oy has no incentive to lie about his endowment shock:

4)  aP)— o6y — %Acfz(—ozg,)2 > o} Pl — o0 — %Aoz(—a}l)z,

and

(S)  oyPy+(1— )0 — %Aaz(l —ofy)? > agPY+ (1 — )6y — %AGZ(I —ad)?

In addition, we also need to make sure that the insider does not want to lie about his private
information of asset value. The incentive compatibility constraints ensuring that the insider

without the asset does not lie about his observation of 6 are

(6) ocBPE — a(L)GL — %AG2(—062)2 > a,(}Pg — oc,?,GL — %AGZ(—ag)Z,
and

(1) ety o — 5A0%(~af? > ol — oy — 340~

where condition (6) guarantees that given no endowment shock, the insider observing 6y does
not want to mimic 6y, and condition (7) ensures that the insider observing 8y does not pretend
to observe 6;.

Similarly, the incentive constraints where the insider with the asset does not lie about his

observation on 0 are

1 1
®) o P +(1—a})o— 5Acz(l —a} ) > Ph+(1—a))6 — EAGZ(I —a})?,
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and
1 1
@)aﬂ#ﬂhﬂm%—#&m—@ﬁz@@+uﬂm@—7m%—@ﬂ

In addition to the incentive compatibility constraints, we also need to consider participation

constraints of the insider with four different types.

1
(10) opP)— o0, — EAaz(_ag)z >0,

1
(M)ﬁ@—@@—f&@@fzm

1 1

(12) o} P} +(1—0a})6 —5Ac*(1—a])* > 6, SA0”,
and

1 pl 1 1, 142 1 5

(13) OCHPH+(1—0‘H)9H—§AG (1—ay) ZGH—EAG.

Conditions (10), (11), (12), and (13) ensure that the insider will at least get his outside option
value.
The outsider proposes a menu of limit orders to maximize his own profit subject to all the

incentive and participation constraints. Thus the program of the outsider is

n}% b6, — PY) + b oy (0 — PY) + bl o (6, — P +blog (6 — PY)
(14) %t
s.t.  Conditions(2) — (13).
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Denote

1
U =alP) — a6, — 5A62(—062)2
1
UYy = oy P — oy 6 — —Ac?(—a)?
(15) 2

Ul = o P+ (1 )0, — 540%(1 o))}
Uh = oy Ph+ (1 — o) 6y — %Acz(l —a})?,
Thus, Program (14) can be rewritten as
Cmax L0+ b0 — 3AG [bY(a) + b (0f) + b (1 — af? + by (1 - )]
(o U) j=0.tii=L.t1
— DU + b, Uf) + b U} + bR U
Ud>Ul—6,+ %AGZ(I —204) (ICy)
Ul >U%+ 6, — %AGZ(I —20) (IG)
Up > Uy — 6y + %Aoz(l —204) (IC3)
(16) Ub > Ug—i—GH—%AGZ(l —209) (ICy)
Up > Ujj + oy (6 — 61)  (ICs)
Up > UL — o (6 —61)  (ICs)
UL > Uy —(1—o0y)(6p—6L) (IC7)
Uy 2 UL+ (1—0y) (6 — ) (IGg)

1 1
UY > 0(PCy),Uy, > 0(PC,),U} > 6 — EAaz(PC3),U,3, > Oy — EAc;2(10(34).

First, we obtain the first-best case by maximizing the program subject to the participation con-

straints. It yields that U) = U) =0, U} = 6, — %AGZ, Ul = 6y — %AGZ, o)

= oy = 0 and
OcLl = (xlb = 1. Check whether the first-best solutions satisfy the IC constraints. By plugging the
solutions into the constraints, we find that /C7 constraint does not hold. In other words, given
the first-best results, the insider holding low quality asset 6; would like to pretend to hold high
quality asset 0y.

In this case, we guess that IC7 should be binding, i.e., U} = U} — (1 —a},) (6 — 61). Given

IC7 1s binding, PC3 cannot be binding. In this case, we maximize the expected utility of the
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outsider subject to IC7, PCy, PC, and PCy4, while ignoring other IC and PC constraints (we will
check whether other constraints hold afterwards).

The solutions are: UB = UQI =0, ULl =0, — %Acr2 + a}I(GH —6r), Ulli =0y — %AGZ, 052 =

iQH—QL
by, Ac? -

oy =0,0} =land o}y =1— Given the solutions, we find all PCs and ICs are satisfied

1
if0<af, < A" . In other words, the solutions satisfy all the constraints if K(1 —K) < f)’—lL <K.
H

We consider two different cases where K < 1 and K > 1.

CASE: K < 1
In this case, K(1 — K) > 0.

1
Thus, if K(l — K) < ”—IL < K, we obtain that UL0 =UY =0,U} =6, — 1A + oy (6 — 61),

— 0_ — bLl

. In other words, we obtain Scenario
3 in Table 2.

However, 1f > K, IC,, IC5 and PC;5 are not satisfied, and if O < < K(1—K), IC is not
satisfied.

In the case where % > K, the outsider believes that the probability to meet an insider who
holds low quality asset is sufficiently high. In this case, we guess that she would like to shut
down the trading with the insider holding high quality asset to reduce the informational rent
to the insider who holds the low quality asset. Thus, we guess IC7, PCy, PC,, PC3 and PCy
should be binding. By solving the program, we obtain that Uf = Ulg =0, U, Ll =0 — %AGZ,
Ufll = 0Oy — %AG2, O‘(L) = oc,‘} =0, ocLl =1 and aI]-I = 0. Given the results, all constraints are
satisfied. Thus, we obtain Scenario 4 in Table 2.

In the case where 0 < < K(1 —K), the outsider investor believes that the probability to
meet an insider who holds low quality is very low, so the informational rent gained by the low
quality asset is very high. In this case, the outsider who observes 6, but without any endowment
would like to mimic the one who holds the asset. Thus, we guess that both /C7 and IC; should
be binding. Given IC; binding, PC; cannot be binding. Thus, we maximize the program subject
to ICy, IC7, PC; and PCy.

The solutions are U_ = ot} (85 — 0) —Ac?a}, U =0, U}l = 0, — 3A02 + o}y (0 — 61),

0 1
bLler bl % We find that ICg does
H

1 142 I b 1
U}y = 6 — 3A0%, ) =0, afy =0, o = 143 and oy = 1 -

not hold given the solutions. Thus, we further guess IC;, IC; and ICqg are binding. By using
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the same procedure by ignoring other constraints to solve the program, we find that given the
solutions PC» is not satisfied.

In this case, we guess IC7, ICy, ICg, PCy and PCy are binding. In this case, we maximize
the utility of the outsider subject to constraints IC7, ICy, ICg, PC> and PCy4. The solutions are
UY = o};(6y — 61) —Ac*a}, U =0, U} = 0, — JA6? + o}y (0y — 61), U}y = Oy — SAG2,

—1— bL+bL 1

(xg = OcH KaL, OCH 0, OcL = 1+ A and (x = . Given the solutions, ICs and PCs

are satisfied if ZL <
L

1 —1. Thus, we obtain Scenario 1 in Table 2.
L1

Now we turn to the situation where bl > L — 1. PCy and ICs do not hold. Thus, we

K+ .tz
guess IC7, ICy, ICg, PCy, PC, and PCy are b1nd1ng we maximize the utility of the outsider
subject to constraints /C7, ICy, ICg, PCy, PCy and PCy.
The solutions are UB = Ug =0, ULl =6, — %A62+ OC[]{(GH —6r), U,], = 0y — %AGZ, (XB =

g =0, OcLl = IL and 0615 = bl_z In this case, all ICs and PCs are satisfied. Thus, we

bL LK2 L+K2

obtain the results as Scenario 2 in Table 2.

CASE: K > 1

In this case, K(1 —K) < 0. Thus, if 0 < L < K, we obtain that U} = U =0, U} = 6, —
1A6? + o} (8y — 61), U}y = 6y — 1A02, ocg =o) =0 0 =1land o}y =1 — bL[1<. This
represents Scenario 1 in Table 1.

1
However, if ]f—f > K, IC;, IC3 and PCs are not satisfied. By taking the same procedure as in
H

the case where K < 1, we obtain the results as Scenario 2 in Table 1. Q.E.D.
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APPENDIX B: OUTSIDER’S EXPECTED UTILITY

At the preopening stage, the outsider’s expected utility without entry cost is as follows:

14 52p!
sA0°b;

(b)) +by bl K(K—2)+(b})*K?

1 2

(17) V(BY,bY,b1,byy) =< 1

142 (b})°K?
2AG

AN
bl+bl, K2

1A6? [-b0af () + 2) +EV!]

b)+b]  (b)+b])K
by K by

0
and EV! = bl + b}, — (o)

0 __
where of =1 — )

1
(0< 2+ <K,K>1)
H
1
(K(1-K) < F <K,K<1)
H

1
0<F<K(1-K),
H

bg 1
b_l> bl _1,K<1
L K+ jfx
H
1
0<F<K(1-K),
H
0
%S 1,1 _1)K<17
L K+ tfg

2 1 1\2_ (02
2b by)"—(b
L (L)I(L).

bIK>

APPENDIX C: PROOF OF PROPOSITION 1

We first prove that strategy 1 is always an equilibrium. In strategy 1, the insider chooses to

preannounce (gi,/;) if he observes (&,5) € {(1,0y),(1,6.)} and preannounce (qz,05) if he

observes (¢,5) € {(0,6r),(0,6)}. At the preopening stage, if the insider observes (1,6p)

or (1,6r), he has no incentive to preannounce message (q2,2), where the outsider chooses to
stay out of the market and no trading occurs. He also has no incentive to switch to other off-

equilibrium strategies. This is because if he switches to an off-equilibrium strategy, by plugging

the prior beliefs into equation (17), the outsider’s utility is

1 1 1,1
18 W=V(5(1-2),5(1-2),54,54) =

4K2
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The outsider decides to enter if ¢ < Vjy. Given entry, the trading profiles at the trading stage will
be as Scenario 1 in Table 1 or Scenario 4 in Table 2. The outsider’s total expected utility given
entry cost is max{Vy —c,0}.

However, if the insider uses strategy 1, the outsider’s utility without entry cost conditional on

message (q1,/1) is

11 iACF2 K <1
(19) Vl,l :V<0’07§7§) =

2
—‘—2552’( Ac? K>1.

The outsider’s decides to enter if ¢ <V} ;. Given entry, the trading profiles at the trading stage
will be the same as the outsider holding prior belief, i.e., the off-equilibrium case. The outsider’s
expected utility given entry cost is A max{V; | —c,0}. We can see that i) V; | >V}, the outsider
is more likely to enter if the insider uses strategy 1 than off-equilibrium strategies. Given more
entry, the insider has higher probability to obtain informational rents. Thus, the insider is better
off with strategy 1, and ii)A max{V; | —¢,0} > max{Vp — c¢,0}, the outsider is also better off
with strategy 1. Thus, the insider observing (1, 6g) or (1, 6.) has no incentive to preannounce
(q2,12) or other off-equilibrium strategies.

If the insider observes (0, 60y ) or (0, 6, ), he also has no incentive to preannounce (gqy,/;) or
other off-equilibrium strategies, because he always gets a payoff 0. As a result, strategy 1 is
always an equilibrium.

Similarly, we can take the same procedure to show that strategies 2, 3, 4 and 5 are always be

equilibria. Q.E.D.

APPENDIX D: PROOF OF PROPOSITION 2

First, strategy 2 is the same as strategy 1 since preannouncing private signals when the liquidity
shock is 0 does not add any additional value.

Second, we show that strategy 1 dominates strategy 3. In strategy 1, the outsider stays out
of the market if the message preannounced by the insider is (g»,/;) at the preopening stage

since there is no liquidity need. The outsider enters into the market given message (q1,/;) at the
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preopening stage if ¢ < Vj j, where the value V ; is as equation (19). Given entry, the trading
profiles are as Scenario 1 in Table 1 if K > 1 or as Scenario 4 in Table 2 if K < 1.

In strategy 3, the outsider stays out of the market given message (¢»,l») since there is no
liquidity need. The outsider enters into the market given that message is (gi,/1) if ¢ < V3,

where

1 A 2
1—2 -2 A A 2Ti7AC K<l
20) Viz=V(—2o(1-p),—p—— 2 )=0""F
1+2 I+A7 1+27 142 (1-2K+2K7)% 4 0 o<
kg Ao K=>1

Given entry, the trading profiles are also as Scenario 1 in Table 1 if K > 1 or as Scenario 4 in
Table 2 if K < 1.

By comparing the two strategies, we can see that given entry, the insider gets exactly the same
payoff. The only difference for the two strategies lies in the entry decision of the outsider given
different messages. It is easy to see that V| 3 <V 1. Thus, with strategy 1, the outsider is more
likely to enter, which benefits the insider to be more likely to obtain the informational rent. In
addition, we compare the expected utility of the outsider for two strategies. In case of strategy
1, the outsider’s total expected utility is A max{V; | —c,0}. In case of strategy 3, the outsider’s
total expected utility is (1 +A)max{V; 3 —c,0}. We can see the former utility is greater than
the latter utility. Therefore, compared with strategy 3, both the insider and the outsider will be
better off in strategy 1.

Similarly, we take the same approach to show that strategy 1 also dominates strategies 4 and

5. Q.E.D.

APPENDIX E: PROOF OF PROPOSITION 3

We prove that strategy j, where j = 6,...,15, is an equilibrium under the four scenarios in
Proposition 3.

If the outsider receives message (g3,/3) or (qa,ls), she will choose to stay out of the market
since there is no liquidity need. The outsider’s belief % at the trading stage is 1_71’ for message

(q1,11), 12, for message (¢2,1>), and 1 for off-equilibrium strategies.
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First, we consider the case where K < =2 p . Since = 5> 1> 1= p > K, we obtain that the
outsider’s belief :—113 is no less than K regardless of the message she receives at the preopening
stage. In this case, given that the outsider enters, the trading profiles is always as Scenario 4 in
Table 2. That is, the insider always obtains his outside option value regardless of his message
at the preopening stage. In this case, the insider has no incentive to deviate from strategy j.

Second, we consider the case where 1 p <K <1landc>Vy; Since ;= 5> 1>K > e
we have: If the outsider receives the message (gi,/;), the outsider’s belief ; is less than K.
In this case, given entry, the insider can obtain some positive informational rent in the trading
stage. If the outsider receives (¢2,l;) or other off-equilibrium messages, the outsider’s belief
% is no less than K and the trading profiles would be always as Scenario 4 in Table 2. In
this case, given entry of the outsider, the insider always obtains outside option value. ¢ >V ;
ensures the outsider will choose to stay out of the market if the insider takes strategy j and send
message (q1,11), in which case the insider cannot obtain the informational rent at the trading
stage and precludes the possibility of the insider with the asset to mimic the high quality signal.
Therefore, the insider has no incentive to deviate from strategy j.

Third, we consider the case where if 1 < K < £~ and ¢ >max{V; ;,Vp}. Since {* - = K>
1> ;p, we have: If the outsider receives message (q1 I1) or other off-equilibrium messages,
the outsider’s behef 1s less than K. In this case, given entry of the outsider, the insider can
obtain some positive informational rent in the trading stage. If the outsider receives message
(q2,12), the outsider’s belief % is no less than K, and the trading profiles would be always as
Scenario 2 in Table 1. In this case, given entry of the outsider, the insider always obtains outside
option value. ¢ > max{V; ;,Vo} ensures that the outsider will choose to stay out of the market if
the insider takes strategy j and send message (q1,/;) or takes other off-equilibrium messages at
the preopening stage. This precludes the possibility of the insider with the asset to mimic a high
quality signal or switch to an off-equilibrium strategies. Therefore, the insider has no incentive
to deviate from strategy j.

Fourth, we consider the case where K > £ and ¢ >max{Vy;,V2;,Vo}. Since K > 1 5>

1> %p, we obtain that the outsider’s S—f is less than K if she receives (¢1,!1), (¢2,l2) or other
H

off-equilibrium messages at the preopening stage. In this case, given entry, the insider can ob-
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tain some positive informational rent in the trading stage, which decreases with % Therefore,
the insider has an incentive to report (q1,/) to pretend to observe high quality signal. The con-
dition ¢ > max{V; j,V» ;,Vo} ensures that the outsider always stays out of the market and the
insider can only obtain outside option value. In this case, there is no trading. Thus, the insider

also has no incentive to deviate from strategy j. Q.E.D.

APPENDIX F: PROOF OF PROPOSITION 4

Casel: K < I*T”

In this case, any category Il strategy is an equilibrium. In the following, we show that strategy
6 dominates all other category II strategies. Since the insider always obtains the outside option
value, we show that strategy 6 generates the maximum payoff for the outsider.

By summarizing from category II strategies, we can see that the insider chooses to prean-
nounce (qi,/1) only if he observes private information: i) (1,6y), ii) {(1,6x),(0,6g)}, iii)
{(1,6x),(0,6)} oriv) {(1,60r),(0,6x),(0,6)}. We calculate and compare the expected util-
ities of the outsider at the preopening stage for these four situations.

In situation i), the expected utility of the outsider is 1A max{4(1 — p)Ac? — ¢,0}, where 31
is the probability of the insider to observe (1,6y) and (1 — p)Ac? is the expected utility of
the outsider without entry cost conditional on (g;,/;) (we can obtain it from equation (17)).
Similarly, in situation ii), the expected utility of the outsider is 4 max{3A(1 — p)Ac? —c,0}.
In situation iii), the expected utility of the outsider is %max{%?t (1—p)Ac? —c,0}. In situation
iv), the expected utility of the outsider is (2 — l)max{%ﬁ(l — p)Ac? —¢,0}. Because
1>A> ﬁ, we obtain that the outsider get the maximum payoff in situation i).

Similarly, we can also see that the insider chooses to preannounce (gq»,l;) in cate-
gory II strategies only if he observes private information: i) (1,6.), ii) {(1,6.),(0,6x)},
iii) {(1,6),(0,6.)} or iv) {(1,6.),(0,6y),(0,6;)}. In situation i), the expected util-
ity of the outsider is %QL max{% pAc? —¢,0}. In situation ii), the expected utility of
the outsider is %max{%l pAc? —¢,0}. In situation iii), the expected utility of the out-

sider is %max{%?tpAGz —¢,0}. In situation iv), the expected utility of the outsider is
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le- Qt)max{%ﬁpAG2 —¢,0}. Because | > 4 > ﬁ, we also obtain that the outsider get
the maximum payoff in situation 1).

Regarding message (g3,/3) or (ga,.4), the outsider always chooses to stay out of the market
since there is no liquidity need.

Therefore, in the case where K < I_Tp, the strategy that generates the maximum payoff for the
outsider, i.e., dominates other category II strategies, is strategy 6, i.e., the insider preannounces
(q1,01) if he observes (1,0x), (g2,l2) if he observes (1,6), (¢3,l3) otherwise (Strategy 7 is
equivalent to strategy 6 since preannouncing private signals adds no value when there is no
liquidity shock).

. 1=p < P
Case 2: - <K< =

In this case, since the insider always obtains the outside option value, we show that strategy 14
generates the maximum payoff for the outsider. In equilibrium, the outsider always chooses to
stay out of the market if the insider preannounces (q,1;), (¢3,13) or (qa,l1). The only situation
that the outsider can obtain a positive payoff is that the insider preannounces (g2,0).

From the analysis in Case 1, we know that the outsider gets the maximimum payoff for the
message (q2,l>) in the case where the insider preannounces this message only if he observes
private information (1,6;). In addition, the condition to ensure that the outsider can credibly
punish the insider by staying out of the market if she receives the message (q1,/1) is ¢ > Vi j,
where j =6, ..., 15. The insider chooses to preannounce (q,/; ) only if he observes private infor-
mation: i) (1,6p), ii) {(1,6x), (0,6m)}, iiD) {(1,6m),(0,6.)} oriv) {(1,6x),(0,6r),(0,6)}.
In the following, we show that the value of V| ; is the smallest in situation iv). If the insider
preannounces (g1,/1 ), the outsider’s belief % = 1%” for all the category II strategies.

IfK>1,orK <1and I*Tp > K(1—K), the trading profiles are as Scenario 1 in Table 1 or Sce-

l+(72721(“(2)‘“(Hzl{)pzAcfz In situation

nario 3 in Table 2. In this case, in situation i), V; ; = 3K
.. 1+ (—2-2K+K>)p+(1+2K) p* 2 ST 1+ (—2-2K+K>)p+(1+2K) p* 2
i), V= K AAc~. Insituationiii), Vi j = K AAC-.
—2— 2 2 . .
= (22K K ) p+(142K)p -A-Ac?. Ttis easy to see that V; ; is the smallest

In situation iv), Vi j = K2p
in situation iv).
Similarly, we can take the same approach to show Vi ; is also the smallest in situation iv)

when K < 1 and I_Tp < K(1 —K). Therefore, strategy 14, i.e., the insider preannounces (g1, /)
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if he observes (&,5) € {(1,0x),(0,6x),(0,6)}, and (g2,1>) if he observes (1, 6. ), generates the
maximum payoff for the outsider and the condition under which that equilibrium exists is the
easiest to be satisfied.

Case 2: K > lf—p

In this case, a category II strategy can be equilibrium only if ¢ > max{Vp,V; ;,V» ;}. That s,

no trading occurs in any of the category II strategies. Q.E.D.

APPENDIX G: PROOF OF PROPOSITION 5

Casel: K < 1_Tp:

In this case, K < I_Tp <l< %. The insider obtains outside option value in both equilibria
of strategy 1 and strategy 6. In the following, we compare the total expected payoff of the
outsider in strategy 1 and strategy 6.

From equation (19), we can see that the total expected utility of the outsider in strategy 1 in

this parameter range is
1 >
21 A max{ZAG —c,0}.
The total expected utility of the outsider in strategy 6 is
1 1 ’ 1 1 ’
(22) E/l max{i(l —p)Ac®—c,0} + E;L max{EpAG —c,0}.

We can see that A max{3(1 — p)Ac? —c,0} + 1A max{3pAc? —c,0} > A max{3A02 —c,0}.
That is the outsider gets higher expected utility in strategy 6 than strategy 1. Therefore, in this

case, the insider chooses strategy 6 at the preopening stage.

L < P
Case 2: > <K< Rt

In the case where 1_7” < K <1, the insider obtains the outside option value in both strategy
1 and strategy 14. Thus, the optimal equilibrium should be the one which generates a larger
total expected utility for the outsider. The total expected utility of the outsider in strategy 1 is

as equation (21). The total expected utility of the outsider in strategy 14 is %l{% pAc? —c,0}.
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After a comparison, we can obtain that the outsider gets a higher utility from strategy 1 if
c< %(1 — p)Ac?, and otherwise gets a higher utility from strategy 14.

In addition, we know that strategy 1 is always an equilibrium while strategy 14 is an equi-
librium only if ¢ > V 14, where V; 14 = V(%, %, ﬁ(l - D), %p) Therefore, the out-
sider chooses strategy 1 if ¢ < max{4(1 — p)Ac?, V) 14}, and strategy 14 if ¢ > max{1(1 —
p)AG2, Vi 14}. Thatis ¢’ = max{}(1 — p)Ac>,V; 14}

In the case where 1 < K < Tin’ if ¢ < %AGZ, the insider obtains positive informational rent
from strategy 1 while outside option value from strategy 14. Thus, the insider always chooses
strategy 1. If ¢ > %AGZ, the insider always obtains outside option value from both strategies.
Strategy 14 is an equilibrium only if ¢ > Vj 14. Therefore, the outsider chooses strategy 1 if
c< max{%AGz, Vi 14} and strategy 14 if ¢ > max{%AGz, Vi.14}. Thatis, ¢/ = max{%AGz,VLH}.

By summarizing, the value of ¢’ is as follows

o3 o ma{(3(1-p)Ac Vil SE<K<I1
CcC =

max{%AGz,Vl,m} <K<

where Vi 14 = V(%;éz—w%(l —pL%p)-

Case 3: K > l%p

In this case, there is no trading for any category II strategies, including strategy 14. Therefore,

the insider will choose to use strategy 1 at the preopening stage. Q.E.D.

APPENDIX H: PROOF OF PROPOSITION 6

Without a preopening stage, the outsider decides to enter if ¢ < Vj, where Vp = V(%(l —
A), %(1 — 1), %l, %/’L) as equation (18). In equilibrium of strategy 1, the outsider enters given
the liquidity need is preannnounced if ¢ < V; j, where V; | = V(0,0, %, %) as equation (19). It
is easier to see that Vo = AV; 1 < Vj 1. Thus, when ¢ <V, the outsider always enters into the

trading stage without preopening stage while she can enter more efficiently only if the liquidity

need is preannounced in strategy 1. When V() < ¢ <V j, there is no trading without preopening
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stage but trading exists if the liquidity need is preannounced at the preopening stage in strategy

1. QED.

APPENDIX I: PROOF OF PROPOSITION 7

Case I: Strategy 14

We focus on the case where I_Tp <K< % and ¢ € (V1,14,V2,14], where V|4 =
V(%,%,ﬁ(l —p),%p), V214 =V(0,0,p,1 — p) and Vj 14 < V5 14. In this case, the
equilibrium of strategy 14 involves trading if the insider preannounces (g»,/5). The main
objective is to check whether strategy 14 at the preopening stage can improve liquidity
provision compared with the case without preopening stage.

Without a preopening stage, the outsider decides to enter if ¢ < Vj, where Vj = V(%(l —
A), %(1 —A), %l, %l) as equation (18). With strategy 14, the outsider enters if ¢ € (V; 14,V 14].
Vo4 = % pAGZ, which is always greater than V.

If V114 > Vp, the adoption of strategy 14 always helps increase liquidity provision when
¢ € (V1,14,V2,14). Because in this range, there is no trading without preopening stage.

If Vi 14 <Vp, when c € (V1,14, Vol the outsider always enters into the trading stage without the
preopening stage. However, the outsider only enters if the insider owns the asset and observes
a low quality signal in strategy 14. In this case, liquidity is less provided in the equilibrium
of strategy 14. When ¢ € (Vo, V2 14, there is no trading without the preopening stage while
there exists trading in the equilibrium of strategy 14. Therefore, strategy 14 improves liquidity
provision except when V; 14 < Vj and ¢ € (Vi,14, V).

Case II: Strategy 6

In the case where K < 1771’, for strategy 6, the outsider always enters into the trading stage
when there is liquidity need if ¢ <V}, where V| ¢ = %(1 — p)Ac?, enters only if the insider
preannounces (g2,[) if Vie <c < Vog, where Vo6 = % pAGz, and stays out of the market if
¢ >V, 6. Without a preopening stage, the outsider always enters into the trading stage if ¢ <V,
where V) = %AAGZ.

Thus, after a comparison, we can see that if Vo < V)¢, the adoption of strategy 6 always

improves liquidity provision. If V) > V; 6, when ¢ € [0,V 6], the outsider always enters into the

33



trading stage in the market without preopening stage while chooses to enter with strategy 6 more
efficiently only if the liquidity needs is preannounced. When c € (V; g, V], the outsider always
enters into the trading stage in the market without preopening stage while chooses to enter only
if the insider owns the asset and observes a low quality signal. In this case, the liquidity is less
provided in the equilibrium of strategy 6 since there is no liquidity provision when the insider
owns the asset and observes a high quality signal in strategy 6. When ¢ € (Vo,Va6], there is
no trading in the market without preopening stage but trading exists if the insider owns the
asset and observes a low quality signal in strategy 6. Therefore, strategy 6 improves liquidity

provision except when V| ¢ < Vp and ¢ € (V) 6, V). Q.E.D.
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TABLE 3
CATEGORY | PURE STRATEGIES FOR THE INSIDER AT THE PREOPENING STAGE

Insider information (¢,5) Non-binding limit offer Outsider’s belief (b%,b%,b;,bs;)

(17 91'1)

(1 GL) (Q1,ll) (0707%7%)
Strategy 1 (07 o)
) 'H
(O GL) (q2712) (%’%7070)
1, 6
S 5 El GIZ)) (Q1vll) (050,%7%)
trat ’
sy (0,6n) (92,D2) (1-p,p,0,0)
(0,6.) (¢3,13) (p, 1-p, 0,0)
(1, 6n) 1-4 )
Strategy 3 (1, 6r) (q1,11) (=7 (I=p) 1 52P T T41)
(O’ QH)
(079L) (q2712) (pal_p7070)
(1, n) -4, 1-A A A
Strategy 4 E(l), gL; (q1,1h) (rpa T(l -p), ) m)
) L
(079['1) (412712) (1_p7p7070)
(17 OH)
1, 6
Strategy 5 EO, 9;)) (a1,11) (A(1-2), 51— 2).12, 1)
(07 GL)
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TABLE 4

CATEGORY II PURE STRATEGIES FOR THE INSIDER AT THE PREOPENING STAGE

Insider information (&, 5)

Non-binding limit offer

Outsider’s belief (b9,6%,b} b))

(179H> (6]1711) (07071*]77]7)

(1,6.) (g2,1>) (0,0,p, 1-p)
Strategy 6

o ol (a3.15) (4.4.0.0)

((I,GH)) thl]; E0,0,I—p,p%

1,6 q2,1 0,0,p,1—p
Strategy 7 (0, 92) (qj, lj) (1-p,p,0,0)

(0,61) (qa,14) (p,1-p,0,0)

(L, 0n) (an,h) (1= A)(1=p), (1= A)p, A(1— p), Ap)
Strategy 8 (((:’ ZH))

(0: 92) (42712) ((I—A)Pam_l)(l—P)alPal(l—P))

(1, ) (@1.1) (1= A)p, (1=A)(1= p), A(1=p), Ap)
Strategy 9 E(l)’ gL;

0 6 (2.1 (1=2)(1=p), (1= A)p,2p, A1 - p))

o ol (@.0) ((1-2)(1 = p), (1= A)p, (1~ p). Ap)
Strategy 10 (1,6,) (@nb) 0,0,7,1—p)

(anL) (Q3,13) (p,l—p,0,0)

o o (@) (1= 2)p.(1=2)(1~p), A1~ p). Ap)
Strategy 11 (1,6,) (a0.) 0,0,7,1-p)

(ngH) (q37l3) (l_pvpa070)

(179H) (Qlall) (070?1_p7p)
Sateey 12 o o (q2.12 (1= )p.(1=2)(1—p), Ap. (1~ p))

(anH) (q3al3) (l_p7pa070)

(1,91-1) (qlall) (07071_p’p)
Strategy 13 E(l) gf,>) (¢2.2) (1=2)(1=p), (1= A)p,Ap, A(1—p))

(anL) (6]3,13) (p71_pa070)

(17 OH)

(07 9H) (qlall) (%:_lvéi_l’%(l*p)a%p)
Strategy 14 (0, 6r)

(laeL) (QZJZ) (O’Ovpvl_p)

(]791‘1) (611711) (0707]_p7p)
Strategy 15 (1, 6)

Eg; ZH)) (anZZ) (é:_lvé:_l’%pvﬁ(l*p))

) L
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FIGURES

FIGURE 1

THE TIMELINE OF THE TRADING IN THE FINANCIAL MARKET
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FIGURE 2
SELECTION OF EQUILIBRIUM

Strategy 14

0 C

The yellow area represents strategy 1, where the insider preannounces (q,/;) if he observes
liquidity needs and (g»,1) otherwise. The grey area represents strategy 14, where the insider
preannounces (q,1») if he observes (1,6;) and (gq,/;) otherwise. The green area represents

strategy 6, where the insider preannounces (q,/;) if he observes (1, 60p), (¢2,12) if he observes
(1,6r), and (g3,13) otherwise.
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