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A Theory of the Dynamics of Security
Returns around Market Closures

STEVE L. SLEZAK*

ABSTRACT

Numerous empirical studies document patterns in the means and variances of
security returns measured over periods that are punctuated by market closures.
This article develops a multiperiod model in which closures delay the resolution of
uncertainty, thereby redistributing risk across time and agents. Since agents are
risk averse in the model, this redistribution affects the equilibrium price, altering
risk premia, liquidity costs, and the degree of informational asymmetry. As a
consequence, closures alter both the means and variances of returns. The article
demonstrates that closures can generate a variety of mean and variance effects,
including those that mirror the empirical phenomena.

NUMEROUS EMPIRICAL STUDIES OF security returns have documented patterns
in both the mean and the variance of returns. Interestingly, most of these
patterns are punctuated by periods in which the market is regularly closed.
For example, the variance of returns from the market close to the market
opening is much less than the variance from open to close. Similarly, mean
returns over weekends are abnormally low (in fact, significantly negative)
relative to daily mean returns during the trading week.! Within a trading
day, return variances are U-shaped with peaks occurring immediately after
the market opens and just before it closes.? Further, French and Roll (1986)
examine the variance of Tuesday-close to Thursday-close returns during a
period in which the market was closed on Wednesdays and show that this
variance is only slightly greater than half the Tuesday-close to Thursday-close
variance when the market was open on Wednesdays.?

One explanation for the differences in the overnight and trading day
variances is that market hours mostly coincide with business hours when

*University of Michigan. The author would like to thank the following individuals for their
helpful comments: Alex Kane, Gautam Kaul, Naveen Khanna, John M. Marshall, Greg Niehaus,
M. P. Narayanan, Michael Rothschild, Maxwell Stinchcombe, René Stulz (the editor), and an
anonymous referee. I would also like to thank David Heike for research assistance. Obviously,
any errors are the responsibility of the author.

!See, for example, French (1980), Gibbons and Hess (1981), Keim and Stambaugh (1984),
Rogalski (1984), Wood, McInish, and Ord (1985), Terry (1986), Smirlock and Starks (1986),
Harris (1986).

2See for example, Wood, McInish, and Ord (1985).

3The Wednesday closures occurred in the latter half of 1968 and were scheduled to allow the
exchange to “catch up” on bookkeeping tasks. Except for the market closing, these Wednesdays
were normal business days. The closures were fully anticipated and did not occur due to rare
events such as extreme market stress, national holidays, or national crisis.
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more events occur and/or information collection is less costly. The low
Wednesday-closure variances, however, indicate that variance is more closely
related to market hours than business hours, providing evidence that mar-
kets create fluctuations in prices that are independent of the arrival of
information. One explanation for this phenomenon is that when markets are
open, speculators’ “animal spirits” are unleashed, creating either irrational
price movements or speculative phenomena like bubbles. This explanation is
unsatisfying, however, since it is hard to imagine “animal spirits” systemati-
cally varying in such a way as to create the U-shaped intraday variance
pattern or the interday mean return patterns.

Recent variations of Kyle’s (1985) monopolist insider trading model have
generated some of these phenomena without relying on irrationality and /or
bubbles by introducing strategic discretionary liquidity trading. For example,
Admati and Pfleiderer (1988) provide one model that can generate U-shaped
patterns in variance (and volume), while Admati and Pfleiderer (1989) pre-
sent another model that implies mean return patterns. In both models,
patterns occur when agents optimally concentrate trading in specific periods
to minimize adverse selection costs. Although the predictions of these models
are consistent with patterns in asset returns measured over periods that are
punctuated by closures (since the periods in which agents choose to concen-
trate trade are arbitrary), these models do not provide any insights into why
closures (as opposed to other periods) invariably punctuate the patterns.
Foster and Viswanathan (1990), however, do examine a model in which
weekend closures allow private information to accumulate. Although their
model generates weekend variances similar to those in French and Roll
(1986), it does not provide any mean return patterns.

In this article, we present an asymmetric information model that is devoid
of irrationality, bubbles, and strategic liquidity trading but generates both
mean and Variance phenomena that are consistent with the empirical regu-
larities. Specifically, the article develops a multiperiod generalization of
Grossman and Stiglitz (1980) in which informed agents receive private
information about the future payoff of an asset in every period, regardless of
whether the market is open or closed, and uninformed agents can only
imperfectly infer the private information from market prices, which, due to
random liquidity trades, are noisy. As in Foster and Viswanathan (1990), a
closure allows private information to accumulate, altering the amount of
adverse selection in the market and, thus, the equilibrium price process.

The critical difference between our model and the previously cited models
is that we have risk-averse agents.* Risk aversion is important for three
reasons. First, it allows for simultaneous variations in mean returns (risk

*The articles by Grundy and McNichols (1989) and Brown and Jennings (1989) consider a
two-period model with a single risky asset and diffusely informed risk-averse agents. Although
each trader receives a unique signal, all signals are drawn from the same distribution and, as
such, no set of traders has superior (i.e., higher precision) information and no adverse selection
problem exists. As is shown below, apart from risk aversion, the existence of adverse selection is
needed to get the types of phenomena observed.
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premia) and variances over time.® Second, since the risks associated with
imperfect inference are priced, this model generates more complicated price
dynamics than can exist in risk-neutral asymmetric information models. In
fact, the model generates behavior that is consistent with the empirical
observations, without relying on strategic liquidity trading (as in Foster and
Viswanathan, 1990). Third, since risk aversion and uncertainty about the
terminal payoff endogenously limit the positions agents take, we can obtain
results for infinite agent economies in which all agents are price takers.
Indeed, the article shows that the widely documented phenomena can occur
in competitive environments devoid of non-price-taking behavior.

In the model, a closure alters investor uncertainty in the following ways.
First, a closure changes the timing of the resolution of uncertainty, shifting
risk across periods and across agents. We assume that uninformed agents can
observe only the current market-clearing price and the private information
possessed by informed agents the last time the market was open. Thus, after
a closure, uninformed agents must infer two pieces of news from the single
postclosure price. If the market had been open, uninformed agents would
have learned the news received by informed agents during the closure, and,
thus, they would only have to infer one piece of news. A closure therefore
delays the release of closure news, subjecting uninformed agents to greater
risk from adverse selection in the postclosure market.

Second, since any position taken in the preclosure market must be held
over a period in which two pieces of news arrive, the risk faced by both
informed and uninformed agents is greater prior to a closure. The risk faced
by informed agents, however, increases proportionally more than the risk
faced by uninformed agents. This is true since uninformed risk is generated
from two sources—the arrival of future news and imperfect inference of
current news—while informed risk generates from only the arrival of future
news. Since a closure increases the variance of future news, but not the
variance of current news, informed agents’ risk increases proportionally
more. As a consequence, some of the comparative advantage at risk bearing
shifts from informed to uninformed agents, generating a third effect on risk.
Given the shift in comparative advantage, additional trade based on risk-
sharing motives occurs. Since these trades must take place in the presence of
adverse selection and liquidity trading, which keep the price temporarily
away from the fundamental value, a closure introduces an additional source
of rigk, referred to as insurance-trade risk.

The changes in risk induced by closures affect the variance of returns by
altering the amount of private information that is reflected in price. A closure
alters the informativeness of price in three ways. First, postclosure prices
reflect a greater portion of the private information obtained on the day that
the market reopens. This effect increases the return variance over a closure
as the postclosure price moves more to reflect this information. Second,
preclosure prices reflect less preclosure news. Since a smaller portion of the

®Also see LeRoy (1973).
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preclosure news is reflected in the preclosure price, there is a larger impact
on the postclosure price when this news becomes public information after the
closure. Thus, this effect also increases the return variance over the closure.
The final impact of the closure on the revelation of private information is that
postclosure prices reflect less of the private information received during the
closure. If the market had been open, the closure news would have become
public and thus fully reflected in the postclosure price. But, because the
closure news remains private following a closure, this news is only partially
reflected in the postclosure price, and the component of the return variance
that is due to the closure news falls. In total, whether the variance over the
closure increases or decreases depends on the parameters of the model: When
there are relatively few informed agents, the final effect dominates and a
comparison of the closure and no-closure return variances is consistent with
the phenomena documented in French and Roll (1986).

Closures also affect the variance of returns by altering both the pre- and
postclosure liquidity costs. Specifically, postclosure liquidity costs are unam-
biguously higher because increased adverse selection causes uninformed
agents to want to provide less liquidity; to satisfy liquidity demand, liquidity
costs must increase. This effect increases the variance of returns. The effect of
the closure on preclosure liquidity costs is ambiguous, however, because,
depending upon the degree to which price reflects preclosure news, the risk
associated with providing liquidity may increase or decrease. When preclo-
sure prices reflect much less preclosure news than when the market does not
close, more of the unexpected change in the preclosure price is due to
liquidity shocks, and uninformed agents end up trading against informed
agents less often. As a result, the cost of providing liquidity falls, thus
reducing the return variance.

Both the mean level of prices and mean returns are also affected by closure.
Specifically, the mean level of the price is lower both before and after the
closure. This occurs because risk is greater on both sides of a closure; the risk
associated with uninformed agents’ imperfect inference increases following
closures and insurance-trade risk occurs both before and after closures. Mean
returns, however, depend upon the change in the level of risk, which,
depending upon the percentage of informed agents in the market, can be
either more or less than occurs in the no-closure case. When there are few
informed agents, prices reflect very little current information and closures
shift most of the risk associated with closure news to the postclosure market,
thereby significantly increasing the uncertainty in the postclosure market
and reducing the amount of uncertainty resolved over the closure. Conse-
quently, mean returns over closures are smaller than they would be if the
market had not closed, a result which is consistent with the “weekend effect.”

Although this study examines the effect of closures, the model can be used
to analyze the resulting price dynamics of a wide variety of underlying news
and liquidity shock processes; a closure is only one example of an exogenous
event that induces a change in the underlying processes. The closure results
illustrate that changes in the underlying processes can lead to complicated
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price dynamics. These dynamics may or may not reflect expected relation-
ships. For example, in a single risky asset economy, we would expect in-
creases in variance to require greater mean returns. However, in our model,
variance increases can be associated with decreases in mean return. These
results complement the results in the static multiasset model of Admati
(1985), where counterintuitive price behavior results from complicated cross-
sectional interactions among assets. Furthermore, although the article only
analyzes fully anticipated exogenously imposed closures, the results on the
price behavior following closures also extend to endogenous closures due to
circuit breakers and trading halts. The predictions of the model are consis-
tent with recent empirical studies of price behavior around these types of
events.’

The article is organized as follows. Section I describes the model. Section II
defines and derives the equilibrium. A reader who is not interested in the
technical details of the equilibrium can safely skip this section. Section III
discusses the impact of closures by comparing the price processes that obtain
in two cases: (1) the nonclosure case, where the market meets at regular
intervals and the variance of news and liquidity shocks are constant on each
trade date; and (2) the closure case, where the variance of news is larger
following a closure. This section also discusses the implications of closure for
volume. Section IV presents concluding comments.

I. The Model

The model consists of a market for two assets, one that is riskless and
another that is risky. The riskless asset, M, is the numeraire which, without
loss of generality, has a gross return of one. The risky asset, X, pays a single
liquidation dividend of P, per share in the terminal period, T. There are @
shares of the risky asset, each of which can be traded in a secondary market.
The secondary market is open for an instant on T' — 1 discrete dates (indexed
t =1 to T — 1), at which time a rational expectation price, P,, clears the
market. . .

In this model, there are N, informed agents and Ny uninformed agents
who trade in the secondary market but consume only in the terminal period
T. Informed and uninformed agents are identical except for the information
they receive. Both types of agents maximize expected negative exponential
utility of terminal wealth. At every trading date, ¢, each agent of type i(i =
for informed and U for uninformed) chooses a portfolio, (X/, M}), to solve:

Max E[UW))] = Ei[ - exp(~yW)]
(x;, M)

S.T. th = Xti—IPt + Mti_]_ = X;Pt + Mtt, (1)

5For example, Lee, Ready, and Seguin (1994) shows that volume and volatility increase
following New York Stock Exchange trading halts. Increased volatility is consistent with higher
postclosure liquidity costs and increased volume is consistent with the extra risk-sharing-moti-
vated trades induced by shifts in the comparitive advantage at bearing risk.
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where v is the coefficient of absolute risk aversion, E[-] is the expectation
operator given agent i’s information at time ¢, and W/ is agent i’s terminal
wealth, which equals the period-T' value of the portfolio obtained at 7' — 1
G.e., Wi =XL_ Py + ML_,). The constraint requires that the portfolio pur-
chased at t,(X/, M}), be affordable given the disposable wealth in period
t, X! P, + M}_,.Since we assume that there are no short sale restrictions or
borrowing constraints, X/ and M; may be negative.”

In addition to 1nformed and umnformed agents, there are also NL liquidity
traders who trade in the secondary market. These traders are
consumers /savers who demand (or supply) random amounts of liquidity each
period. Spemﬁcally, at date ¢, the aggregate holdings of consumers /savers
are NLX = N(X, + ,), where X, is a constant and o, is a mean zero
normal random variable that is independent of information. This specification
implies that the aggregate holdings of consumers/savers are stationary; as
one subset of consumers/savers liquidates (or increases their holdings),
another subset enters (leaves) the market and buys (sells) these shares. We
assume that entry is not instantaneous, however, and that informed and
uninformed agents will have to temporarily hold (or provide) the imbalance,
w8

Given these three groups of agents, the market-clearing condition is
N, X! + Ny XU + N, XF = Q. To examine price determination in a competi-
tive setting, we consider an infinite agent economy (i.e., we let NI, NU, and
NL go to infinity) where all agents are price takers. In such economies, only
the proportion of each type of agent affects the equilibrium price. Simple
normalizations allow us to rewrite the market-clearing condition as the
following function of these proportions:

NIXI+NuXU=X+wt, (2)

Where NI NI/(NI + NU) NU NU/(JVI + Nu) X = (Q NLXL)/(NI
Ny) and w, = —(N,/(N; + N;)))w,. That is, X is the mean amount of the
asset that must be held by informed and uninformed agents, and w, is the
temporary amount that informed and uninformed agents must hold to accom-
modate the temporary, demand shocks of the liquidity traders. Note that
when w, is positive, liquidity traders are selling the asset and are demanding
liquidity. w, will be referred to as the liquidity shock at trade date t. We
assume that X > 0 and that the variance of w,, denoted by o;; , is finite and
positive.

The demands of informed and uninformed agents depend upon the flow of
information about the terminal value, P;, which is modeled as follows:

PT=00+n1+n2+"’+nT, (3)

The possibility of bankruptcy is ignored for simplicity.

8This specification differs from that in Brown and J. ennings (1989), because in their model a
liquidity shock permanently affects the future supply, while in our model the future mean supply
is fixed at X regardless of the series of previous liquidity shocks.
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where n,, t = 1,2,...,T, is the new information received by informed agents
before trading starts on the ¢th trade date and 6, is the signal of terminal
value available to the informed agents prior to the beginning of the economy.
The sequence of news, n, (¢ =1,2,3--- T), is drawn from independent nor-
mal distributions with mean zero and variance ;2. In contrast to informed
agents, uninformed agents only learn n, after the tth trading period ends
and must infer the current news, n,, from the current price, P,. Unobservable
liquidity shocks that affect price make their inference imperfect, however.

The variance of news is subscripted ¢ because private information flows at
a steady rate independent of whether or not the market is open. Consider the
time line of calendar dates, ¢, as depicted in Figure 1. At each calendar date,
informed agents receive private information—a “piece” of news, 7,. The
private information held by informed agents at a trade date ¢, n,, is the sum
of the pieces of news received on all calendar dates since the last time the
market was open. For example, if the market had been closed on the previous
calendar date only, then n, = n, + 7,_;, where trade date ¢ and calendar
date ¢ are at the same point on the time line. When the variance of 7, is
constant (say 02) for all ¢, the variance of the news known by informed
agents after a closure is thus o2 = 20,1 When the market is open on each
calendar date, however, n, = 7, and o) = g,? for all ¢.

To get closed-form solutions for 1nferred values of news and equilibrium
prices, we assume a linear price function of the following form:

P, =6, — 7w+ win, — ww,, 4

where the coefficients are indexed ¢ since the price function may differ across
periods. In the price function, 7} represents the risk discount; the greater the
uncertainty, the larger the discount and the lower the mean level of price.
The percentage of the current news that is reflected in the current price is
given by w!; when =w! =1, P, fully reflects n,. Finally, 7} is the cost of
liquidity in the market. When w, is positive, liquidity traders sell shares,
adding to the supply that must be held by informed and uninformed agents.
Since prices must drop when supply is high, a sale by a liquidity trader
depresses the price, imposing (on them) a liquidity cost equal to the amount
by which their trades lower price. Integrating over all of the possible realiza-
tions of news, the expected liquidity cost per unit of w, is 75. Since 7} and
7} determine the response of price to news and liquidity shocks, they will
sometimes be referred to as response rates.

Given this price function, the difference between prices in two adjacent
trading dates, ¢ and ¢ + 1, can be broken into five components.

AP =P~ P =N+aitin,, — QA -adn, - 7i w,,y + 7iw,. (5)

The first term on the right-hand side, A’ = (7 — wi*1), is the difference in
the risk discount from ¢ + 1 to ¢. As uncertainty is resolved, the risk discount
gets smaller and the level of the price increases, generating positive mean
returns (i.e., A’ > 0). The second component of the price change, 7i*'n,, ,, is
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No Closure

Trade dates T T+1 T+2 T+3

l | l |—>time
Calendar dates ¢ c+1 c+2 c+3
news "pieces” e Ne+l Ne+2 Nes3
news (ny) =N N 1™Mer N2 Mes2 N3 Ner3
Var(ny) 012] 012] 012] 012]

Closure at Calendar Date c+1

Trade dates T T+1 T+2

| | | |—>time
Calendar dates ¢ c+1 c+2 c+3
news "pieces" N¢ Nc+1 Nc+2 Nc+3
news (ny) n=Ne N4 1=Me+1+Mc+2 N42=Nc+3
Var(ny) 012] 20% (5121

Figure 1. A Schematic for the arrival of news: Closure versus no closure. Regardless of
whether the market is open or not, informed agents learn a “piece” of news, 7;, at the start of
each calendar date i (i =c,c+ 1, ¢+ 2, ¢ + 3,...). The variance of each “piece” of news is
constant across all calendar dates and is denoted a'nz. The total news known by informed agents
at each trade date t(¢ = 7,7+ 1, 7+ 2, 7+ 3,...) is the accumulation (i.e., the sum) of all of the
“pieces” of news received since the last trade date. This sum is denoted n,, for ¢t =7, 7+ 1,
7+ 2, 7+ 3,.... Thus, the news known by informed agents on trade date = + 1 (calendar date
¢ + 2), which follows a closure on calendar date ¢ + 1,is n,,; = 7,1 + 7,4 4. Since each “piece”
of news is independent, the variance of n,,, is 20,,2. If the market had been open on calendar
date ¢ + 1, the news on trade date ¢ + 1 would consist solely of 7,, ;, and the variance of n_, ;
would be only a,,z. Uninformed agents learn the accumulated news known by informed agents at
trade date ¢ just prior to the next market meeting. For example, if the market is closed on
calendar date ¢ + 1, uninformed agents only learn the news known by informed agents at
calendar date ¢, 7,. Thus, uninformed agents must infer n_,; = 7,,, + 1., 5 when the market
reopens on calendar date ¢ + 2.

due to the partial reflection of new private information, while the third
component, —(1 — 7{)n,, represents the full reflection of the previous trad-
ing period’s private information. The fourth component, — 75+ 1w, ;, is due to
the temporary price pressure created by the liquidity shock at ¢ + 1, and the
last component, wiw,, reflects the rebounding of price from the previous
trading period’s temporary liquidity price pressure. It follows that price
changes have unconditional mean E(AP,, ;) = A’ and variance given by

Var(AP,, ) = 1 — 7))’ a2 + (a1 a2 + (x5 )02+ (7)) 02, (6)

LR
Note that the variance of price changes is composed of two parts: the first
depends upon the gradual reflection of private information, and the second is
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generated by liquidity-induced price pressures. In general, because liquidity
shocks are temporary, prices will contain temporary components, resulting in
nonzero covariance between adjacent price changes.® Prices follow a random
walk (with drift) only when news is fully reflected at each time ¢ and liquidity
shocks do not affect price.

II. The Determination of the Equilibrium Price Functions

As is standard in rational expectations models, equilibrium is defined as a
set of demand and price functions such that (i) demands solve the optimiza-
tion problem given the information conveyed by price, and (ii) prices clear the
market given the dependence of demands on price. Demands depend on price
because price sets the rate of exchange between the risky and riskless assets,
and it reveals private information. Given the normality of news and liquidity
shocks and the linearity of the price function, we derive optimal demands as
functions of the moments describing the joint distribution of future prices and
demands. We determine closed-form expressions for these moments as func-
tions of the price parameters 7, 7, and 7, in equation (4), and we then
determine demands as functions of the price parameters by substituting the
closed-form expressions for the moments into the optimal demand functions.
The equilibrium price functions are then obtained by imposing the market-
clearing condition (equation (2)). The following subsections provide the details
of each step in deriving the equilibrium.

A. Optimal Demands

The T-period horizon dynamic programming problem posed above reduces
to a series of myopic one-period horizon optimization problems only when
prices follow a random walk (with deterministic drift). Since prices, in
general, do not follow a random walk, however, the solution for optimal
demands is more complicated. The following theorem specifies optimal de-
mands when serial correlation in price changes is allowed; the only restric-
tion on the dynamic behavior of prices is that price changes be normally
distributed.

THEOREM 1: Optimal demands are given by
i _ i
Xi = Ft(—P‘—)Tﬂ + —\PLt (7
yG1 G

where

V) = (G — GHIENX], ), (8)

®The covariance of adjacent price changes is given by Cov(AP,, ,,AP,) =(1 — mwio? —
(11'5)20,”2‘. The temporary price movements caused by liquidity shocks (when w7, is nonzero)
induce a negative correlation, while the partial reflection of news (when 7, < 1) induces positive
correlation. The covariance is zero when 7; = 1 and 7, = 0.
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and G and G, are elements of the conditional return covariance matrix,
G, G" is given by

. Git Git ] -1
Gt = Gz Z = (Vi + @7 " fort<T -1, 9)
where
; I (1 -1
Vt+1 = Gitl.pl ( -1 1 )’ (10)
and
it — Var;(P,, ) Cov/(P, 1, E; (P, 5)) (11)
COVti(Pt+1’Eti+1(Pt+2)) Varti(Eti+1(Pt+2)) ’

fort < T, and

(12)

Vi, =0and V= (0 0).

0 0

Proof: See Appendix A.

Although the form of the first part of the optimal demand in equation (7) is
similar to myopic demand (see for example Grossman and Stiglitz (1980)),
risk is measured by a complicated function of Gi/*! and the elements of the
conditional covariance matrix of the next period’s price and future expected
prices, Q. In contrast, in the one-period horizon problem, risk is completely
characterized by the variance of terminal price. Optimal dynamic demands
differ from static demands by a second term, ¥//G!, as well. Both differ-
ences have important implications for the dynamic behavior of equilibrium
prices and are discussed in detail after closed-form expressions for the
demands are given.

Given the normality of the price function, we can calculate closed-form
expressions for the expectations and variances that determine optimal de-
mands. Substituting these expressions into the optimal demand expressions
yields the following demand functions. Informed demand is given by:

' [A* + (1 — wDn, + wiw, + yU]]

, 13
‘ vGii a3
while uninformed demand is defined by:
¢ ¢ t ot ¢ U
XY = [A + (Mn, + Mw,) — win, + wiw, + y¥, ] . (14)

yGY

The closed-form expressions for ¥/ and G¥ (i = I and U) are provided in
Appendix B. The parameters A} and A4 are defined by the optimal inference
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of n, given P, (i.e., uninformed agents solve Ain, + Ayw, = E(n,|P,)).!° Given
the normahty of the random variables, the form of the price functlon and the
flow of information, it follows that ¥/ and Gi, (i =1 and U) are all
nonrandom constants that are functions of the future price coefficients.!!

Each demand function can be divided into a part that depends upon the
realized values of the news and liquidity shocks and a part that depends
solely on parameters—not realizations. The former part is referred to as the
conditional holding, while the latter part is referred to as the unconditional
holding. Conditional holdings are purely temporary, since only the current
values of the news and liquidity shocks affect them. Consequently, the risk
associated with these holdings depends only on the amount of next period’s
variance that is not exploitable by the particular agent. For example, al-
though informed agents do not know what the next period’s news will be, only
the portion of the news that gets reflected in the future price creates risk.
Since their trades exploit the portion of news that is not revealed by price,
this portion does not create risk. By incorporating the correlation between
future prices and expected demand, Gi} is the appropriate measure of risk.
The variance of the next period’s price alone, Q%}, is not a sufficient measure
of risk unless prices follow a random walk, where every price change is
permanent.

In contrast to conditional holdings, unconditional holding are not tempo-
rary. Consequently, the risk associated with an unconditional position de-
pends on only the fluctuations in future prices that are permanent. Since G%}
includes the part of variance that is due to temporary fluctuations, it is not
the appropriate measure of the risk associated with unconditional holdings.
The term (G} — Gi,) in ¥/} (see equation (9)), however, appropriately mea-
sures the risk by incorporating the correlation between next period’s price
and next period’s expectation of future price. In other words, (Gi, — G,
measures the portion of the next period’s price movement that is permanent.

Changes in the parameters of the underlying news and liquidity shock
processes can induce changes in the unconditional holdings over time. Since
these changes will be independent of the realized values of news and liquidity
shocks, any transaction that results when an agent alters his/her uncondi-
tional holding subjects that agent to price risk. For example, if unconditional
holding increase, then there is the risk that liquidity demand will be high and
purchases will have to be made at temporarily high prices. Notice, however,
that since the sequence of news and liquidity shock variances are known by
agents, future unconditional holdings can be anticipated and should be
approached in a way that minimizes the risk created by temporary shocks. If
the approach is gradual, some purchases will be made when prices are

OStandard results on inference under normality imply that

2
t 2 t .t .2
, 1) oy . — MM Oy,
A= 2 2 £y2 2 and  2; = )2 2 £y 2
(7)) o2 + (73) o) (7)o + (m3) o),

1See Lemma 2 in Appendix B.
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temporarily low and some will be made when prices are temporarily high,
and the variance of the adjustment cost is lower than with a sudden adjust-
ment. However, the longer it takes to adjust, the greater the risk created by
permanent price changes caused by the arrival of news. These tradeoffs are
optimally incorporated into ¥/, which depends upon the expected level of
future unconditional demand.

Also note that, in general, risk can be broken down into two categories. The
first is inference risk, which results when uninformed agents imperfectly
infer current news. This risk is associated with unpredictable future price
movements due to current news shocks. The second category is future risk,
the risk associated with unpredictable price movements due to future news
and liquidity shocks. Both informed and uninformed agents face future risk,
but the magnitude differs across these two types of agents. The distinction
between inference and future risk becomes important later when we consider
the effect of closures on risk.

B. Equilibrium Price Functions

To obtain a closed-form expression for the equilibrium price function, we
impose the market-clearing condition shown in equation (2). Substituting the
closed-form demand functions into the market-clearing condition and rear-
ranging the terms yields:

I} + Min, + Miw, = 0, (15)
where
N(A7E L+ y¥I) N, (Amitt + y¥U)
Hf):I oIt'Yt+ U oUth _X. (16)
yGii yG1i
. N, (1 - #?t) N Ny (X — 7h) an
' yG yGY
and
Ny(wi) N (A + 7l)
¢ _ DI\ ulAg 2) (18)

Gl YGYY

Because the equilibrium price function must be such that the market clears
for any realization of news and liquidity shocks, equation (15) must also hold
for any realization of n, and w,. Therefore, equations (16), (17), and (18) must
all equal zero at each trade date ¢. That is, [T, = [T} = II% = 0 for-all ¢. This
requirement generates a system of 3T' equations in the 3T unknowns, 7§, 7,

and 7} for t = 1,2+ T. The following theorem provides the solution to this
system of equations.

THEOREM 2: The system of equations is recursive in that the price function at t
depends upon the price function at t + 1. This dependence exists through G,
and U} (i = I,U), which, in equilibrium, are solely functions of the coeffi-
cients of the price function at t + 1. Given values for Gi and ¥} (i =I1,U),
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the equilibrium price function at t is defined by the following coefficients:

= [8f + @ - 8H)A], (19)
vyGh
mh = ( NIH )w{, (20)
and
A = y[XG, - T, 1)

where 511 is the harmonic mean of G¥t and G¥} (i.e., Gt, = 1/[N,(1/G{}) +
NU(l/G D, and W, is the weighted average of ‘I’I and VU with wezghts
8f = (NI/Gﬁ)/[(NI/Gﬁ) + (Ny /G and (1 — 8 ), respectwely.

Proof: See Appendix B.

Given a specific terminal price function and a sequence of values for a-t
and o2 w,» the equilibrium price coefficients for any ¢ can be obtained by
solving equations (19) through (21) recursively. Since we want to rule out
bubbles, we impose the transversality condition that the terminal price equal
the firm’s “intrinsic” value. That is,c we set P = 0, = BT 1 nT, which
1mp11es that the terminal price function is given by #¥ =1, #l =0, and

= 0. Using these values as seeds, the pr1ce coefficients at T'— 1 are

derived given values for 6,2, 0,2 , 0,2, and ¢, _, and so on.

wr np-y’

II1. Price Dynamics

Given the procedure for obtaining the equilibrium price coefficients out-
lined in the previous section, we next develop equilibrium price functions for
two specific sequences of the news and liquidity shock variances. The two
sequences allow us to gauge the impact of closures on price dynamics. The
first sequence is the nonclosure sequence in which the news and liquidity
shock variances are constant, i.e., information and liquidity shocks flow at a
steady rate and the market opens at every calendar date. The second se-
quence is the closure sequence. Let dates 7 and 7+ 1 be the pre- and
postclosure trade dates. Also let ¢ be the calendar date of the preclosure trade

date and ¢ + 2 be the calendar date of the postclosure trade date. Under the

assumption that private news is an elapsed-time process, o2 =

Nyl
2 0,2, where ¢,2 is the variance per calendar date.!? For the closure case, we

12The variances of liquidity demands on either side of the closure, 02 and o2 ,» may not

follow an elapsed-time process in general. Liquidity demands from the day of closure must be
satisfied either in some other manner or on some other trading day. Let a portion a of the
liquidity demand from the day of closure be anticipated and arrive at the market before the
closure (i.e., on 7) and let B8 percent of the liquidity demand from the day of closure spill over to
the next trading day (i.e., on 7+ 1) where « + B < 1. Because the variance of the liquidity
demand shock is constant for all units of time, 0,2 = (1 + a®)g,2 and ¢,2 = (1 + B*)o,’, where
0,2 is the variance of the liquidity demand per unit of time. Note that, if liquidity demand must
be satisfied immediately, 8 = 0; if liquidity demand cannot be anticipated, then a = 0. This
analysis does not allow discretionary liquidity trades (e.g., as in Admati and Pfleiderer (1988)).
For the purposes of this article, we assume a = 8 = 0.
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also assume that, for calendar dates ¢ + 3 and beyond, the market is open
and the news and liquidity shock variances are constant per trade date.

The impact of the closure on price dynamics is evaluated by comparing the
means and the variances of the returns over the closure with those that
obtain in the constant element sequences over the same unit of time. That is,
the means and the variances of returns from ¢ to ¢ + 2 are calculated and
compared for periods when the market is open and closed at ¢ + 1. This
comparison is similar to those conducted by French and Roll (1986), with
calendar date ¢ + 1 corresponding to the Wednesdays when the stock market
was closed.

A. Constant Element Sequence: Steady Response Equilibrium

This section uses the model developed above to examine the behavior of
return moments when the variances of news and liquidity shocks are con-
stant for each trade date. Here we only examine equilibria in which the
response rates and mean price changes are self-perpetuating. That is, we
examine only equilibria in which the next period’s response rates equal the
current response rates and the change in the risk discount is constant. An
equilibrium that satisfies this condition will be referred to as a steady
response equilibrium (SRE). Technically, a SRE only obtains in the limit as 7'
goes to infinity.”® Approximate SRE values are obtained by iterating back
from T until the response rates of the last iteration do not differ from the
response rates generated by the current iteration by more than 0.000001.
Typically, numerical solutions obtain after very few steps G.e., 20 to 30), and
we easily obtain values that are arbitrarily close to the SRE values.!*

Two interesting results obtain in SREs. First, for a fixed asset supply and
risk aversion, SRE mean returns depend solely upon the variance of news,
o2, they are not functions of the percentage informed (N,) and/or the
variance of the liquidity shocks (g,2). (See Figure 2.) This is striking since,

3Although each agent’s utility function is defined on his/her terminal wealth at T, it is not
necessary that agents live forever for a SRE to obtain. The specification used here is equivalent
to a situation in which agents maximize utility of wealth at intermediate points in their life,
since maximizing the value function at an intermediate point in an agent’s life is equivalent to
maximizing expected utility of intermediate wealth. All that is required for a SRE is that the
economy have an infinite life and the price at the end of each generation’s life be a SRE price.
The latter condition requires that the percentage of informed agents be the same in each
generation.

One could solve equations (19) and (20) for SRE values 7, and m, such that , = ml =i+l
and m, = w5 = 74+ L. This, however, may admit more equilibria than will obtain given conditions
on the terminal price. Further, no closed-form solutions are available because these equations
imply polynomials of a degree higher than 4. Therefore, we use numerical methods to obtain
solutions. Interestingly, there are sets of parameters for which no SRE exists. For some
parameters, 7, will go to negative infinity, while 7, oscilates between two values. This usually
occurs for high values of v; the risk created by future liquidity costs is large enough to make
uninformed agents require larger current liquidity payments. In some cases, both 7; and 7,
oscilate. To ensure that the comparison between the closure and no-closure cases are not affected
by nonstable price functions, we do not examine these equilibria.
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Figure 2. Steady response equilibrium mean price changes, A. Each surface corre-
sponds to a different value for the variance of news. A point on each surface corresponds to a
different combination of the percent informed (XN;) and the variance of liquidity shocks (,2). For

all points, the coefficient of risk aversion is y = 2, and the mean supply of the asset is X = 1.

counter to what is expected, mean returns do not depend on either the
informativeness of price or the degree of adverse selection. The second result
is that return variances do depend on N; and g,2 (see Figures 3A and 3B).
Consequently, it is easy to construct examples in which the mean return of
one asset is less than another even though its variance is higher. (See Table I
and compare case 6 with cases 12 and 13; and compare case 9 with case 11.)
Thus, the usual positive relationship between variance and return need not
hold, in spite of the fact that our economy contains a single risky asset and
there is no consumption.

Although we cannot demonstrate the mean return result using closed-form
expressions, the following intuitive argument illustrates why it holds.’® By
Theorem 2, the mean price change is equal to an average of the informed and
uninformed risks associated with permanent price changes (ie., the risks
measured by Gi; and V', for i = I and U) scaled by the coefficiént of risk
aversion. In an SRE, however, all agents’ unconditional holdings are con-
stant.’® Since no agent enters the market to alter these unconditional hold-

15 Closed-form expressions are not available because SRE values for GI; and GY; are solutions
to very high degree polynomials for which closed-form solutions do not exist.
6See Lemma 3 in Appendix B.
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Figure 3. Steady response equilibrium (SRE) variances, Var(A P). Each figure plots the
variance of price changes between adjacent trading dates in a SRE as a function of the
percentage informed (N;) and the variance of liquidity shocks (o;2). In Panel A, the variance of
news is 0.05 and in Panel B, the variance of news is 0.15. For both panels, the coefficient of risk
aversion is y = 2, and the mean asset supply is X = 1.
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ings, such holdings are not subject to adverse selection. Therefore, the risk
discount that makes all agents want to hold the fixed mean supply is
independent of the proportion of the market that is informed. In particular,
SRE mean returns equal the mean returns that occur when N; = 1. Since the
amount of uncertainty that is resolved between dates ¢ — 1 and ¢ is simply

2 the risk discount falls by the certainty equivalent of 0": As a result,
mean price changes are chr2 that is, mean returns do not depend upon
either N, or g2.

The variance of returns, however, does depend on both N, and ¢,2 through
their effects on the SRE response rates, 7; and m,. Specifically, in an SRE,
the variance simplifies to

Var(AP,, ) = [(1 = 7" + ()] 02 + 2(my) 2. (22)

This expression implies that, as #; increases, the portion of the daily
variance due to current news increases while the portion due to old news
falls. The information component of variance is minimized when 7; = 0.5 and
maximized when returns either fully reflect current news (and thus reflect no
old news) or when they reflect no current news (and thus only reflect old
news). The component of the variance that is due to liquidity shocks, how-
ever, is everywhere increasing in liquidity costs. As the liquidity costs in-
crease, a given liquidity shock moves price by more, thus creating a larger
temporary fluctuation and increasing the total variance. To understand how
the variances depend upon the parameters of the model, Figures 4 and 5
pr20¥7ide plots of 7, and w7, as a functions of N, and ¢,2 for various values of

Flgures 4A and 4B show that the percentage of the news that gets
reflected in price is increasing in N; and decreasing in ;2 and ¢,2. This is
true because, by Theorem 2, 7, is simply the weighted average of the
sensitivities to current news of informed and uninformed agents’ expectation
of news. That is, 7, is a weighted average of 1 (the sensitivity of E/(n,) to
n,) and A! (the sensitivity of EU(n,) to n,). The weights depend on the
relative intensity with which each group trades on its expectation. For
example, the weight on the informed sensitivity depends upon the magnitude
of N,/G{, relative to N;/GY,. Thus, 7, is increasing in Nj, because as N;
increases more weight is placed on 1 and prices reflect more news.'® Further,

The effect of changes in the coefficient of risk aversion, y, on the response rates is
straightforward. In the interest of brevity, we do not provide any discussion or any plots that
describe the impact of .

®Note that there is a moderating impact due to increases in G{, resulting from increases in
1. G, increases because less current and future news is exploitable the higher the ;. Thus, as
the increase in N; pushes u; up, the resulting increase in G{; pushes it back. It is never the
case, however, that the effect of G{l will negate the effect of N;. This is true since, if it did, then
G{, would fall, increasing m; and causing a contradiction.
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Figure 4. Steady response equilibrium (SRE) news response rates, m,. Each figure
plots the SRE response rate to news () as a function of the percentage informed (N;) and the
variance of liquidity shocks (g;2). In Panel A, the variance of news is 0.05, and in Panel B, the
variance of news is 0.15. For both panels, the coefficient of risk aversion is y = 2, and the mean
asset supply is X = 1.



1182 The Journal of Finance

A. News Variance: 0'% =.05

0.556 <
~
g
o . 4
]
O 6.404 X
2
5
=
=3 "0.15
-
0.253 4
Y
0.10 Liquidlty2
Variance, Oy,
O or ! ~0.05
. 0.50 0.09 °°
Percent Informed, NI
B. News Variance: oﬁ =15
1.047
i
o LT
8
O 0.802 ; T
> %
=
2 ]
=
g J . 0.45
-
0.557 A
o0.10 Liquidity
Variance, 03,
¥, ! T0.05
' 0.50 0.99 °

Percent Informed, NI

Figure 5. Steady response equilibrium (SRE) liquidity costs, m,. Each figure plots the
SRE liquidity cost (7,) as a function of the percentage informed (N;) and the variance of
liquidity shocks (g,2). The liquidity cost is the amount that a liquidity-motivated trade affects
price. That is, the liquidity cost is the coefficient in the price function on the liquidity shock. In
Panel A, the variance of news is 0.05 and in Panel B, the variance of news is 0.15. For both
panels, the coefficient of risk aversion is y = 2, and the mean asset supply is X = 1.
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as either 0,2 or g2 increase, uninformed agents’ expectation of news becomes
less accurate (i.e., A} falls), and inference risk increases.’® As a result, prices
reflect less news.

Figures 5A and 5B show that liquidity costs first increase and then
decrease with increases in N;. The market-clearing condition (equation (17))
provides intuition for this result. It implies that the sensitivity of aggregate
uninformed demand to news is equal but opposite to the sensitivity of
aggregate informed demand to news, i.e., (N;(1 — m,))/(yGl)) = —(N;(A; —
m))/(yGY). Since current news is only partially reflected in current prices,
informed traders buy (sell) on good (bad) news and profit from subsequent
price increases (decreases) when the news is fully reflected in prices. Unin-
formed traders, however, take the opposite position, buying (selling) when-
ever the price is lower (higher) than expected. Prices are lower than expected
when news is bad or when liquidity traders are demanding liquidity and
selling (i.e., when the liquidity trader’s demand shock is positive—w, > 0).
When news is bad, uninformed agents buy, thereby subjecting themselves to
future losses when the news becomes fully reflected in the future price. When
the liquidity traders are selling, however, uninformed agents buy from these
liquidity traders at temporarily deflated prices, thereby receiving profits by
providing liquidity. If, on average, the losses exceed the gains, uninformed
agents will not actively trade, and thus will not provide any liquidity. As a
result, all temporary liquidity shocks would be absorbed by informed agents,
making them bear additional risk. Since there are gains from sharing the risk
associated with holding a temporary liquidity position, the equilibrium price
must be such that uninformed agents are induced to provide liquidity. That
is, on average, contrarian strategies will be profitable in equilibrium.2

The profitability of contrarian strategies, in turn, implies a relationship
between the responsiveness of price to news () and the liquidity costs (7).
By adopting a contrarian strategy, uninformed agents trade against informed
agents more frequently the greater the portion of the unexpected price
change that is due to news. As N; increases, 7, increases, and news changes
price by more. Without an increase in r,, uninformed traders are trading
against informed traders more, and the profitability of the contrarian strat-
egy falls. Consequently, 7, must also increase with N, so that there are
additional gains to providing liquidity to compensate for the extra losses of
the uninformed agents. However, higher 7, leads to a more informative price
and better inferences by uninformed traders. As informativeness increases,
the precision of the uninformed agents’ inference increases, and the risk
associated with taking a temporary position when providing liquidity falls.
Consequently, the cost of liquidity, m,, falls too. Figures 5A and 5B show

¥In equilibrium, GY, = G, + 1 — A))g;2 where (1 — A))o;2 is the inference risk (see the

proof of Lemma 3). The reader can easily verify that (1 — A;)c;,? is increasing in both ;2 and
2

o
2 Campbell, Grossman, and Wang (1993) presents a model without asymmetric information in
which contrarian strategies are optimal in equilibrium.
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that the effect of increased price informativeness dominates when N, (and
a,) are high.

The variance plots (i.e., Figures 3A and 3B) indicate that SRE variances
first increase and then decrease with INV;, as do SRE liquidity costs. Thus, the
dominant component of variance is generated by temporary price pressures
caused by liquidity shocks. Although these fluctuations create risk for short-
term positions (e.g., a positive short-term position may have to be created
when liquidity shocks temporarily inflate prices and/or reversed when li-
quidity shocks temporarily deflate prices), these fluctuations do not affect
long-run unconditional holdings, and, thus, do not affect SRE mean returns.
Further, since most of these fluctuations are due to agents getting compen-
sated for providing liquidity, these fluctuations do not create risk and are not
priced in mean returns. Thus, the positive relationship between return
variances and means implied by symmetric information models (e.g., the
capital asset pricing model) need not hold in this model. In this model, the
variance is not a sufficient statistic for risk since risk differs (1) across agents
and (2) by reason for trade; risk is measured by Gi: when the trade is a
temporary conditional position or (G} — Gi,)/G!, when the trade results
from change in the optimal unconditional holding.

B. Closure Equilibrium

The preceding discussion of steady-response equilibria characterizes situa-
tions under which stock return means and variances are constant over time.
In this section, we show that relatively simple perturbations to the underly-
ing news process (such as result with closures) lead to dramatic and complex
dynamic effects on both the mean and the variance of returns by affecting
risk. Specifically, a closure delays the resolution of uncertainty by postponing
the public release of closure news. As a result, risk is redistributed across
time and agents. Since agents are risk averse in our model, this redistribu-
tion affects the equilibrium price, altering risk premia, liquidity costs, and
the degree of informational asymmetry. As a consequence, a closure alters
both the means and variances of returns. In fact, when there are relatively
few informed agents, a closure generates phenomena that are consistent with
documented empirical regularities. For example, consistent with the results
on weekend mean returns (see French (1980)) and Wednesday closure vari-
ances (see French and Roll (1986)), both the mean and the variance of returns
over closures are abnormally low relative to the mean and variance of
nonclosure returns when N, is small (see, for example, cases 1 through 5 in
Table II). In addition, closures can also cause counter-intuitive dynamic
behavior. For example, a closure can cause mean returns to fall while
variances increase (see, for example, cases 6, 7, and 8 in Table II).

To get intuition for certain dynamics that result, it is important to under-
stand how closures affect the risks of both types of agents. First, by delaying
the release of private information, a closure causes postclosure uninformed
risk to increase. Postclosure informed risk is unaffected by the closure,
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however, since informed risk depends only on the future price function and
future variances, and these values are SRE values. Second, by reducing
opportunities to trade, a closure increases both informed and uninformed
preclosure risk, albeit differentially. In particular, informed risk increases
proportionally more than uninformed risk. This is true because informed risk
contains only future risk, while uninformed risk consists of both future risk
and inference risk, and the closure doubles the variance of future news while
maintaining the variance of current news and liquidity shocks. When the
future news variance doubles, the future risk for both informed and unin-
formed approximately doubles. However, because inference risk depends on
only the variance of the current news and liquidity shocks, the inference risk
of uninformed agents is mostly unaffected by the closure. Thus, since in-
formed risk contains only future risk, the closure approximately doubles
informed risk, while, because uninformed risk consists of both inference risk
and future risk, uninformed risk does not increase proportionally as much.?
Given this result, some of the informed agents’ comparative advantage at risk
bearing shifts to uninformed agents. This shift in comparative advantage
leads to insurance-motivated trades, introducing insurance-trade risk; since
insurance-motivated trades take place in the presence of adverse selection
and liquidity trading, agents risk losing wealth by trading at temporarily
inflated or deflated prices. Without the closure, there is no shift in compara-
tive advantage, and thus no insurance-motivated trades or insurance-trade
risk. The next two sections examine how these changes in risk affect the
equilibrium price functions and the resulting means and variances of returns
over closures.

B.1. Variance Effects

The effect of the closure on return variances can be broken into two
components. Specifically, the difference in the variances when the market is
open and when it is closed on ¢ + 1 is

Var(AP|O) — Var(AP|C) = AN + AL, (23)
where

AN =1-— (77{“)2] gl + [(1 - 77-1)2 -1 - 77{)2] g+ [(771)2 - (77{“)2 g2
(24)

and

A = () = @0 + [(my)? = (5] 02, 25)

L This is a consequence of the following simple relationship: for & > 0, (2a + b)/(a + b) <
2¢/c = 2. Here a and c represent the risk due to the arrival of future news faced by uninformed
and informed agents, respectively, and b represents the inference risk faced by uninformed
agents.
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where m; and 7, denote SRE values and m] and #w*! (k = 1,2) denote pre-
and postclosure response rates. The first component, AV, reflects the differ-
ence in variances due to differences in the news response rates. The second
component, AL, specifies the effect due to changes in pre- and postclosure
liquidity costs. In equilibrium, the sign of both components can be negative or
positive; as a result, a closure may increase or decrease the variance of
returns. When the percentage of informed agents is small, however, variances
typically fall.

To examine why variances fall when there are few informed agents, we
examine how the closure affects the information response rate and the
liquidity costs. By doing so, we consider how N, affects the magnitude of the
closure effects. We first examine A", which is comprised of three parts: (1) the
effect caused by the interruption of the release of closure news to uninformed
traders; (2) the effect due to differences in preclosure response rates; and (3)
the effect of changes in postclosure news responsiveness. The first effect (the
first term in equation (24)) reduces the variance. Since the news received by
informed traders during the closure does not become public until after the
close of the next trade date, closure news is only partially reflected (by 77*1)
in the postclosure price. However, if the market had been open, this news
would have been fully reflected in the price on calendar date ¢ + 2. The
difference between full and partial reflection of the closure news reduces the
variance of returns. The last two effects, however, increase variance since, as
is shown in Propositions 1 and 2 and Figures 6 A through 6D, the news
response rate decreases prior to a closure but increases after a closure.

PROPOSITION 1: After a closure, prices are more responsive to news. That is,
it > 7

Proof: See Appendix B.

Because informed demand after a closure is the same as in a SRE (but for
changes in the price coefficients), informed agents trade with the same
aggressiveness as in a SRE. However, because uninformed risk is greater
after a closure than during a SRE, uninformed demands are less sensitive to
news and liquidity shocks, i.e., they sell less on good news and buy less on
bad news. Consequently, if news is good, there is excess demand and the price
is bid up. If news is bad, there is excess supply and prices fall. As a result,
postclosure prices reflect a greater proportion of postclosure news, increasing
the variance of returns over closures (i.e., the third term in equation (24) is
positive).

PROPOSITION 2: The preclosure price function is less responsive to news. That
is, w] < 4.

Proof: See Appendix B.

Because informed risk increases proportionally more than uninformed risk
prior to a closure, the sensitivity of informed demand to news drops more
than the sensitivity of uninformed demand. This decrease in the informed
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Post-Closure
N

Pre-Closure

News Response Rate, T |

Percent Informed, NI

B. News Variance: 62 =.05. Liquidity Variance: 0% =.15.

] Post-Closure

0.5

N
Pre-Closure

News Response Rate, 1:1

LIS S B S S S Bt N B e B B N B S B S S e B S e S e e S e e s e e ey snn e i ey
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Percent Informed, NI

Figure 6. Pre- and postclosure news response rates, ] and w}*!, as a function of
the percentage informed (N;). Each panel corresponds to a different combination of the
variance of news and liquidity shocks. In all panels, the coefficient of risk aversion is y = 2, and
the mean asset supply is X = 1. For comparison, the steady response equilibrium (SRE) news
response rate function is also provided.



News Response Rate, 7t i

News Response Rate, T

0.6

o
~

o
o

o
L4
1

o
Sy

o
w
s

o
n
I

Dynamics of Security Returns around Market Closures 1189

. S . 2
C. News Variance: oﬁ =.15. Liquidity Variance: oy, =.05.

Post-Cl
0s osure\‘

Pre-Closure

LA S e e S e e e e e e e B L A i S i e e m e e e S i e e s S S e e e ¢
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Percent Informed, NI

D. News Variance: oﬁ =.15. Liquidity Variance: 63, =15.

{Post-Closure

1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1.0

Percent Informed, NI

Figure 6—Continued



1190 The Journal of Finance

demand sensitivity causes excess supply (demand) when news is good (bad).
Consequently, when news is good (bad), prices are lower (higher), reflecting
less of the good (bad) preclosure news. In this case, since the preclosure price
starts further away from the fully revealing price, the postclosure price
moves more when the preclosure news becomes fully reflected, thus increas-
ing the variance over closures (i.e., the second term in equation (24) is also
positive).

The net effect of the closure is to reduce return variances when there are
very few informed agents. In these cases, prices reflect very little current
news. Consequently, the difference between the full and partial reflection of
closure news (i.e., the first effect) is large, while the changes in pre- and
postclosure responsiveness (the second and third effects) are minor. When the
percentage of the market that is informed is large, however, prices reflect
most of the current news and the difference between full and partial reflec-
tion of closure news is minor compared to the increase in the closure variance
caused by changes in pre- and postclosure news responsiveness. In these
cases, the component of variance due to news increases over closure. The
larger the percentage of informed agents, the smaller the difference becomes,
however. In fact, when N; = 1, 7 = 1 (for all ¢ regardless of closures) and
AN = 0—the component of variance due to information is unaffected by
closures.

The following propositions show how closures affect liquidity costs. Specifi-
cally, Proposition 3 implies that postclosure liquidity costs unambiguously
increase the variance of postclosure prices, while Proposition 4 shows that
the effect on preclosure liquidity costs are ambiguous. Hence, the net effect on
that component of the difference in variance that is due to liquidity shocks is
also ambiguous.

PROPOSITION 3: Liquidity costs are larger after a closure than during a SRE.
That is, w3+l > mr,.

Proof: See Appendix B.

Since the risk faced by uninformed agents is greater following a closure
than during a SRE, uninformed demand becomes less sensitive to unexpected
price changes after a closure. Consequently, uninformed traders are less
contrarian than they are during a SRE—they sell less on unexpected price
increases and buy less on unexpected price drops. This implies that they
provide less liquidity. When price is unexpectedly low due to liquidity traders
selling, uninformed traders are buying fewer of the shares and are thus
providing less liquidity. Further, because informed risk is unaffected by the
closure, the amount of liquidity that informed traders provide is the same
after a closure as in a SRE. The reduction in the amount of liquidity satisfied
by uninformed traders creates excess liquidity demand. To induce agents to
provide more liquidity, liquidity costs must increase and price must become
more sensitive to liquidity shocks. Thus, ceteris paribus, the postclosure price
is more variable than in a SRE.
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Proposition 4, however, implies that the preclosure price can be less
variable.

PROPOSITION 4: The effect of a closure on liquidity costs prior to a closure is
ambiguous.

Proof: This proposition is proved by demonstration. See Figures 7A through
7D and the following discussion. Q.E.D.

The effect on preclosure liquidity costs is examined in Figures 7A through
7D, which show SRE and preclosure liquidity costs as functions of N; for a

variety of combinations of ;2 and ¢,2.22 These figures show that preclosure

w

liquidity costs are smaller than SRE liquidity costs when N; is small. In
these cases, the postclosure news response rates are much bigger than those
that obtain in a SRE. This implies that a larger portion of the news received
during the closure and just prior to the market reopening is not exploitable
by informed traders, increasing the risk associated with an informed position
taken prior to the closure. As a result, informed agents trade less aggres-
sively on their private information in the preclosure market, and the price
reflects less preclosure news. With this drop in the preclosure news response
rate, the portion of the unexpected price change that is caused by news falls
while the portion created by temporary liquidity shocks increases. Holding
risk constant, uninformed traders become more aggressive contrarians, sup-
plying more liquidity and reducing liquidity costs. If the risk faced by
uninformed agents is much larger prior to the closure, then uninformed
agents will supply less liquidity, and liquidity costs will rise. When N; is
small, however, uninformed risk does not increase much prior to a closure,
and liquidity costs fall.?®

Figures 8 A through 8D show how the net effect of both the information
and liquidity shock components depend upon the percentage informed in the
market. When N; is small, both the information and liquidity shock compo-
nents imply lower variance. As N; increase, variances increase reflecting
increases in preclosure liquidity costs and the reduction of the impact of the
closure news. In fact, when N, =1 (and =} =1 for all ¢ regardless of
closures), preclosure liquidity costs are higher (i.e., w7 < ;) but postclosure
liquidity costs are unchanged (i.e., w3*! = 7,). In this case, AN =0 and
Al < 0. Therefore, the variance from c to ¢ + 2 is larger with a closure than
in a SRE.

% For comparison, the postclosure liquidity costs are also provided on these figures. As
indicated by Proposition 3, postclosure liquidity costs always exceed the liquidity costs in a SRE.

% When N; is small, prices reflect very little current information and most of the information-
based volatility of future price is due to current news. Thus, the inference risk component of
uninformed risk is large relative to the future risk component. As a result, the increase in future
risk prior to the closure does not affect an uninformed agent’s total risk very much. Since the
variance of the preclosure news is the .same as in a SRE, uninformed risk is very close to SRE
risk. See, for example, cases 1, 2, and 3 in Table II. In case 1, G¥{ = 0.0862 while G¥{*! = 0.1410
and GY, = 0.0736; in case 2, G¥} = 0.0869 while G¥{*! = 0.1425 and G, = 0.0741; in case 3,
GYt = 0.1964 while G¥{** = 0.3122 and G¥; = 0.1631.
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Figure 7. Pre- and postclosure liquidity costs, w} and w}*!, as a function of the
percentage informed (IV;). The liquidity cost is the amount that a liquidity-motivated trade
affects price. That is, the liquidity cost is the coefficient in the price function on the liquidity
shock. Each panel corresponds to a different combination of the variance of news and liquidity
shocks. In all panels, the coefficient of risk aversion is y = 2, and the mean asset supply is

X = 1. For comparison, the steady response equilibrium (SRE) liquidity cost function is also

provided.
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Figure 8. Variance comparisons: Closure versus no closure, as a function of the
percentage informed (N;). Each panel corresponds to a different combination of the variance
of news and liquidity shocks. In all panels, the coefficient of risk aversion is y = 2, and the mean
asset supply is X = 1. For comparison, the steady response equilibrium (SRE) variance function
is also provided.
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B.2. Mean Return Effects

Figures 9 and 10 illustrate how closures affect risk discounts and the mean
price change by showing plots of the mean level of price and the mean price
change for the closure and nonclosure (SRE) cases as a function of N,. These
figures illustrate the following results. First, Figures 9A and 9B show that

A: News Variance: 2 = .05. Liquidity Variance: 62, = .05.

No Closure (Calendar/Trade Date c+2)

Post-Closure

Mean Price Level

No Closure (Calendar/Trade Date c)

R

Pre-Closure

T T T T
0.02 0.10 0.20 0.30

Percent Informed (Ny)

Figure 9. Mean price level; Closure versus no closure. The “Preclosure” curve plots the
mean level of price as a function of the percentage informed (N;) on the trade date prior the
closure (trade date 7) while the “Postclosure” curve plots the mean level of price on the trade
date after the closure (trade date 7 + 1). The “No Closure” curves plot the mean level of price as
a function of the percentage informed on calendar and trade dates ¢ and ¢ + 2. Calendar dates ¢
and ¢ + 2 correspond to the pre- and postclosure trade dates 7 and 7 + 1, with the market being
closed on calendar date ¢ + 1. Thus, to compare the mean level of price with a closure to the
mean level that obtains in a steady response equilibrium (SRE) without a closure, compare the
“Preclosure” curve to the “No Closure (Calendar/Trade Date c¢)” curve, and compare the
“Postclosure” curve to the “No Closure (Calendar/Trade Date ¢ + 2)” curve. In each figure, the
price level on calendar date ¢ + 3 is normalized to 1. Each panel corresponds to a different
combination of variances for news (o;2) and liquidity shocks (,2). In all panels, the coefficient of
risk aversion is y = 2, and the mean asset supply is X = 1.
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Figure 9—Continued

the risk discounts on either side of the closure are greater (i.e., the mean level
of price is lower) than they are in a SRE. This reflects the fact that there is
more risk on both sides of a closure; inference risk increases following
closures, and insurance-trade risk exists both before and after closures.
Second, the magnitude of the increase in pre- and postclosure risk discounts
depends upon N;. The postclosure risk discount increases the most when N,
is small, falling monotonically to the SRE level as N; increases. The preclo-
sure risk discount, however, increases the least when N, is small, rising and
then falling as N, increases. Taken together, the mean price change, as
plotted in Figure 10, is smaller over a closure than during SREs when N, is
small because the postclosure risk discount increases by more than the
preclosure risk discount. As N; increases, the closure mean returns increase
and exceed the SRE mean returns as the increase in the preclosure risk
discount exceeds the increase in the post-closure discount. As N; increases
further, the closure mean returns still exceed the SRE mean returns, but
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2 _ .05. Liquidity Variance: 62, = .05.

A: News Variance: o, = w=
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Mean Price Change
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Figure 10. Mean price changes; Closure versus no closure. The “No Closure” curve plots
the mean price change between calendar/trade dates ¢ and ¢ + 2 when the market does not
close on ¢ + 1 as a function of the percentage informed (N;). The “Closure” curve plots the mean
price change between calendar dates ¢ and ¢ + 2 when the market is closed on calendar date
¢ + 1 (i.e., the mean price change between trade dates 7 and 7 + 1). Each panel corresponds to a
different combination of variances for news (o,2) and liquidity shocks (o;2). In all panels, the
coefficient of risk aversion is y = 2, and the mean asset supply is X = 1.

begin to fall, converging to the SRE mean returns at N; = 1, as both the pre-
and postclosure risk discounts converge to the SRE values.

To understand how the mean returns depend upon N;, we first consider its
effect on the postclosure risk discount. Since the economy returns to a SRE
the day after the market reopens, the amount of future variance due to
temporary components is the same as in a SRE. Consequently, informed risk
is unaffected by the closure and ¥/, ; and ¥ | equal their SRE values (see
Lemma 4 in Appendix B). This implies that informed unconditional demand,
as a function of the price coefficients, is the same as in a SRE. The increase in
inference risk faced by uninformed agents, however, reduces uninformed
unconditional demand. As a result, there is excess supply and the postclosure
risk discount must increase for the market to clear. Since the increase in
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inference risk is greatest when N, is small, it follows that the risk discount
must increase the most in these cases.?*

We next consider the preclosure risk discount. Lemma 4 in Appendix B
implies that the preclosure risk discount is given by

mp =t + y(XGy - V), (26)

where y(ﬁil — W) is the average risk faced by informed and uninformed
agents scaled by the coefficient of risk aversion and the asset supply.?® For a

2 Mathematically, the results of Lemma 4 (see Appendix B) and equation (21) imply that the
risk discount following a closure is given by #{*! = 7{*2? + y[XG:{*! — ¥], where ¥ is the
common SRE value of ¥/ and ¥U. If the market had not been closed at 7 + 1, the risk discount
at 7+ 2 (also trade date ¢ + 2) would be #{*2 = 7{*3 — y[XG,, — V], where G,; is the
harmonic mean of G{; and GY,. Since informed risk is the same as in a SRE (i.e., G{{*! = GI)),
but uninformed risk increases (i.e., G¥*! > GY)), it follows that Gif! is bigger than G,;, and,
consequently, that the postclosure risk discount is larger than it would be in a SRE. Since
uninformed inference risk increases the most when N is small (i.e., G¥{ ™! is much larger than
GY), Gi1?! is much bigger than G,; and closures induce the largest drop in price in these cases.

% Specifically, G}, is the harmonic mean of the preclosure values of G{7 and G} and ¥, is the
common value of the preclosure value of ¥! and ¥U.
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given amount of average risk, the risk discount prior to the closure is larger
than the SRE discount simply because the postclosure discount, as is argued
above, is larger. The difference in the risk discounts (i.e., the mean price
change), however, depends only on the average risk. Compared to the mean
price change over the same length of time in a SRE (i.e., two times the daily
SRE mean price change which, given the results of Lemma 3, is simply two
times the average daily risk—i.e., 2A = 2y(XG,, — ¥), where V¥ is the
common SRE value of ¥ and ¥V), the closure mean price change is smaller
than the nonclosure mean price change when the average long-term risk over
the closure (i.e., over two days) is less than twice the average daily long-term
risk in a SRE.

The amount of risk faced over a closure relative to the amount of risk faced
over two SRE days depends on N;. When N, is small, inference risk is high
and the closure shifts most of the risk associated with the closure news into
the postclosure market. That is, the risk associated with the part of the
closure news that does not get reflected in the postclosure price is borne after
the closure. If the market had been open, this risk would have been borne on
the closure date instead. As a result, the amount of uncertainty resolved over
a closure is much smaller than during a SRE, resulting in small mean price
changes. Furthermore, when N, is small the aggregate number of shares that
informed agents want to sell to shed risk is small simply because there are
few informed agents. Consequently, insurance-trade risk is small and does
not significantly affect the mean price change.

As N; increases, the portion of news that gets reflected in price increases,
and thus less of the risk associated with closure news gets shifted to the
postclosure market, resulting in larger mean price changes. In addition, since
there are more informed agents who want to shed risk by trading with
uninformed traders for insurance purposes, insurance-trade risk increases,
increasing the preclosure risk discount further, accentuating the increase in
the mean price change. As N; approaches 1, however, the preclosure risk
discount falls back to the SRE level as the risks faced by informed and
uninformed agents become very similar. In these cases, there are fewer
insurance-motivated trades (and, thus, little insurance-trade risk), and prices
almost fully reflect news. Consequently the closure has a very small impact
on risk and mean price changes.?

-2 is not constant for

all t. Thus, the mean return over a closure is A* = yX. Unzﬂ L= vX2 0,,2. The mean return from c to
¢ + 2 in a SRE is two times the daily SRE mean return: 7§ — #{*2 = [(#w — #{* 1) + (w*! —
w§t?)) = 27)?0,,2. Thus, a closure has no effect on mean returns when N; = 1. Intuitively, this
result holds because, when N; = 1, there are no opportunities to exploit information even when
the market is open. Furthermore, insurance-motivated trades do not occur since all agents are
identical. Thus, the closure does not affect the returns and does not introduce insurance-moti-
vated trade risk. Consequently, the risk at calendar date ¢ is the same whether or not the
market is closed at ¢ + 1.

% In fact, when N; = 1, it can be shown that Af = 'VX"'"ZH , even when o,
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C. Additional Implications

An interesting implication of our model is that, in general, a closure affects
the mean and variance of returns differently. That is, variances and mean
returns over closures do not necessarily move in the same direction. For
example, compare case 2 and case 6 in Table I. In case 6, both the mean and
variance over the closure are smaller. Specifically, the ratio of closure-to-open
variances is 0.621 < 1, while the closure-to-open mean ratio is 0.542. In case
2, however, the mean return is lower (87.1 percent of the open mean) while
the variance is greater (1.031 times larger than the open variances). This
discrepancy occurs because of the difference between short-term and long-term
risks. That is, short-term risk G.e., Gh) affects the news response rate and
the liquidity costs, which determine variance, while long-term risk (which
depends on Gi, and V') affects mean returns.

In addition to mean and variance, a closure also affects trading volume.
Since a closure alters the relative size of informed and uninformed risk, it
creates insurance-motivated volume. Specifically, since informed postclosure
risk is unaffected by a closure, while uninformed risk increases, uninformed
traders reduce their unconditional holdings by selling to informed agents.
This behavior creates volume that is independent of liquidity-induced vol-
ume. Furthermore, a closure also affects volume in the preclosure market.
Relative to a SRE, the risk and return tradeoff becomes less favorable for
both informed and uninformed agents prior to a closure. This is true because
a closure (a) forecloses on one opportunity to trade (thereby reducing the
ability of informed agents to exploit private information), (b) increases future
inference risk, and (c) creates insurance-trade risk. Given this, it follows that
both types of agents will attempt to reduce their preclosure unconditional
holdings. Consequently, the risk discount must increase to restore equilib-
rium. Since the closure affects uninformed agents less than informed agents,
the uninformed agents want to reduce their unconditional holding by less
than informed agents do. Thus, in equilibrium, the risk discount increases to
the point where uninformed agents actually increase their unconditional
holdings by buying some of the informed agent’s unconditional holdings. As
this happens, preclosure volume increases.

IV. Conclusion

In this article, we develop a multiperiod model in which closures delay the
resolution of uncertainty, redistributing risk across time and between differ-
ent agents. In particular, after a closure, informed agents have a greater
informational advantage, imposing more risk onto uninformed agents. Also,
prior to a closure, risk increases for both informed and uninformed agents
because there are fewer opportunities to trade. Informed agents’ risk in-
creases proportionally more, resulting in insurance-motivated trades that
shift risk from informed agents to uninformed agents. Since these insurance-
motivated trades must take place in the presence of adverse selection and
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liquidity trading, the closure introduces an additional source of risk by
creating a need for insurance trades. This type of risk is also present in the
postclosure market since uninformed agents want to shed risk due to the
increase in postclosure inference risk.

Since agents are risk averse in the model, the redistribution of risk affects
the equilibrium price, altering risk premia, liquidity costs, and the degree of
informational asymmetry. As a result, both the mean and the variance of
returns are affected by a closure. We demonstrate a number of mean and
variance effects that are possible around closures, some of which are consis-
tent with documented empirical regularities. Overall, the results indicate
that empirical observations are most consistent with the presence of rela-
tively few informed agents in the market. Furthermore, although we have
explicitly examined closures, the results of the article show that any changes
in the underlying processes of the arrival of news and liquidity shocks can
lead to interesting and complicated price dynamics.

Appendix A

Proof of Theorem 1. Each trader maximizes his expected utility by picking
asset holdings in each trading period. Traders solve for optimal demands by
backward recursion. That is, the optimization problem at T — 1 is solved
first. Then, the optimal demands at T' — 1 are substituted into the objective
function, thus defining the value function at T — 1. Then, given the
information at T' — 2, optimal demands at T' — 2 are chosen to maximize the
expected value of the T' — 1 value function. This process continues back until
period t. The maximization problem at T — 1 is simply a one-period
optimization problem. It is well-known (see Grossman and Stiglitz (1980))
that the solution is

Er_(Pp) - Pr_,
yVary_(Pp) '

Xf= (A1)

and the value function at T — 1 (defined as J;_; = Maxy  E;_,[UW;)] is

1 (ET— l(PT) - PT—1)2
2 yVar,_(Pr)

Jp_1 = —exp{—y[WT_1 + } (A2)

At T — 2, the problem is to maximize E,_,[J,_;] by choosing X,_,. This
problem is solved in Brown and Jennings (1989) and Grundy and McNichols
(1989). They show that optimal demands are

Ep_o(Pp_y) — Pp_, GT 2 - GT;?
yGT? G ?

X;:_z = ET—Z(XT—I)’ (A3)

where G7[ % and G7; ? are as defined in the text.
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To solve the problem at T-3, substitute X}_, into E;_,(J,_,). This yields
Jr_p = Max ET—2(jT—1)

E;_o(Pp_y) — Py
= —K’T_Zexp{—yWT_2+ 7( 2 TGTI_Z =2 +RT—2)PT—2
You

. (ET_z(PT_n P,

,ng‘l—2 +RT—2)ET—2(PT—1)

2
" aVar, (P Lr-2BralP) = Pr)

1 [ Ero(Proy) = Pr_y ’
+ 2 y2GY; 2[ 7GT + Ry 5 — Ep_o(Xr_,)
1
Ep_o(Pp_y) — Pr_,
+2’)’2G’{2_2[ : Gfl_z + Ry,

TEp_o(Xp_] + 72G,§2_2[ET—2(XT—1)]2}

= _K'T-zeXP{—Y(WT—s + Xp_3(Pr_y — Pr_3))

1 (Epo(Pry) —Ppy)’

+Mp_y — YRy o[ Er_o(Pr_y) — PT—Z]} (A4)

where
T-2 _ ~T-2
G Gis

RT—2 = (____ETW__)ET—Z(XT—I) and
11

2
Y
My_,= '2_[ET-2(XT—1)]2 —Vary_(Pr) + (G{fz + ng_z

T-2 T-242
" (Gu - G12

G ?
NLaR:S
Gi;?

(2 G{Z_ 2 - 2G{1_ 2
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M;_, is a constant since Ep_x(Xr_;) = —m; '/yop, is a constant with
respect to information at T' — 2. Thus J,_, can be written as

Jp_y = —Kp_sexp{—yWr_3 + vXp_3Pr_3 + My_,}

1 (Ep_y(Pp_y) — Pp_,)°

~exp{ —yXr_3Pp_, — E G{1'2

_(ET—Z(PT—I) - PT-z)YRT—z}

—Kr_sexp{—yWr_3 + X7 _3Pr_5 + My _,}
~exp{Dp_3Zp_3 — Zp_gVp_3Zp_ g — Zp_3Vr_ Y7 5}, (A5)

where

S
v
w

|

= (—yX7_3,0),27_3 = (Pr_y, Ep_o(Pr_y)),

1 1 -1
VT_Z:W(_]- 1 ),and

Yr_s (_ZY(G{fZ - G{Z—Z)ET—Z(XT—l)’O)'

The expectation‘of Jr_, at T — 3is

ET—3[jT—2] = —KT_3exp{—’yWT_3 + ’yXT—3PT—3 + MT_Z}

‘feXP{D'T-3ZT-3 —Zy 3Vyp_gZy g — Zp 3V 3Yp g

1 _ _
-5 (s = 2 02y = 2 ) AR, (A6)

where K, _, is such that the p.d.f. integrates to 1, and

Zyp_ g = ET—S(Z,T—S) = (ET—S(PT-Z)’ ET—3(ET—2(PT—1)))'

Completing the square yields

ET—3[jT—2] = _KT—seXP<—7WT-3 + vXr_gPr_3 + My_,
+Dp_3Zp g — Cr_3Zp_y + Z,T—3VT—ZZT—3}
+fexp{(DT_3 — CT_?,)’(ZT_3 — ZT_3)
~(Zr-s = Zp_3)'Vp_o(Zr_5 — Zp_s)

1 _ —
- E(ZT—3 - ZT—3)’Q;‘];3(ZT—3 - ZT—3)}dF(ZT—3)



Dynamics of Security Returns around Market Closures 1205

= _KT—seXP{—YWT-s + yXr_3Pr_3 + Myp_,
+(Dy_3 = Cp_3)'Zy_y4
_ _ 1
+Zp_3Vp_9Zp_5 + 'Z‘(DT-s —Cp_3)'G""*(Dp_y CT—3)}’

(A7)

where GT™3 = @QV,_, + Q7l)7™Y, and Cp_y = Vp_(2Z;_ 3 + Yp_3)
_ —’YET—s(XT—2)

YET—s(XT—z)

), and Q_, is as defined in the text. Rewriting all of the
terms yields

ET—S[jT—Z] =dr_s

= _KT—3eXP{—’YWT—3 + yXr_3Pp_s + (MT-z + C,T—3ZT—3)

—yXr_3Ep_3(Pp_,) + [Ep_3(Ep_o(Pr_y) — PT—2)]2

2GT 2
1
+ 'Z‘[YZGfl_SXTZ—:; - 2XT—372ET—3(XT—2)[G{1_3 - sz-:’.]
+ v Ep_o(Xp_V’[GE; % — 26T + G{fs”}
1 T-3y2
o Xp_3(Ep_g(Pp_y) = Pr_g) — §[YG11 Xr-3

—2X;_3vEr_o(Xp_,)(GI7® — GI;79)]. (A8)

The first-order condition is
(Ep_s(Pp_y) — Pr_3) — yGf{3XT_3 + Y(G{f?’ - G{Z—S)ET—3(XT—2) =0,

which implies

Er_s(Pp_y — Pr_3) G 3 - G%;3
Xy, = 23T T3+( 11 12

'YG{1_3 G{l_:; )ET-3(XT—2)' (AQ)

The problem at ¢,¢ < T' — 2, can be solved in a similar manner by defining,
for every ¢, D, = (-vX,,0), Z; = (P, E,, (P, ,)), Z, = E(Z}) = (E(P,, ),
Ez(Et+ l(Pt+2)))’ Y/ = (_2')’(Gﬁ1 - Gi; 1)Et+ I(Xt+2)’ 0), C = (_'YEt(XHl)’
vE(X,, ), and V,, G, Q, are as defined in the text. Q.E.D.
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Appendix B
1. Closed-form Demands

Given the form of the price function, closed-form expressions of the ele-
ments of Q' that define G¥} can easily be obtained. Closed-form expressions
for the elements of Q!¢ are

Qlt = (o2 + (nf D a2, (BD)
Q{Q = Q21 - ﬂ_{+1anzm, (B2)
and
ok =02, (B3)
while closed-form expressions for the elements of Q¢ are
QU =0l + Q- 262+ (W) 02 (B4)
Q% =Yt =1 - 1) 02 + () a2 + w{“Ai“a"fH -y Ay oy, (B6)
and
0% = Q-2 02+ )02 + QDY 2+ D a2 . (B6)

Further, ¥/ also depends upon the elements of O through GI{ and G}, as
well as future values of ¥/ and G{,. ¥/, i =1 and U, is given by

AT 4 Y\I’ti+1)

: B7
yGi*! (B7)

¥ = (@ - G;w(

where the elements of the matrix G* depend upon the elements of Q and
G *! according to

h; + ilthzitl+l h; Gzt+1
; 8! gt
G ‘= hz + ,Q Gzt+1 hi + Qit Git+1 (BB)
11 t 2211
4 8:

with A} = Q1108 — (Q)® and g/ = Q¥ + OF — 204,

II. Proof of Theorem 2

The proof of theorem 2 requires the following two lemmas.

LEMMA 1: 7 = wi{(yGl/N)).
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Proof: Define @ as

N; Ny ) wio,’ (B9)
= + - .
YGi VG| @) + () 2

Q

Equation (17) set to zero implies 7,yG1!/N;, = 1/Q while equation (18) set
to zero implies 7, = 1/Q. Equating left-hand sides and rearranging the

terms yields the relationship between 7, and m, specified in the lemma.
Q.E.D.

LEMMA 2: A, A, and GY! are independent of w! and .

Proof: We first show that A! and A% are independent of 7| and 7}. Given
Lemma 1, it can be shown that A, = A{(w} /7). Thus, if A} is independent of
mi and 7}, then A} is also independent of 7! and 7} since, by Lemma 1,
(my/m}) is independent of 7} and 7. Replacing 750,> by (w})*(vGii/Npa,’
in the definition of A} yields

2 2 2
(771) a-n, a'n,

yGi} - yGI 2
(mt)? a2+ g2 2 | 11 2
1 ¢ NI ¢ a"t NI O'wt

which, because G¥! depends only on future values of 7; and m,, does not
contain either 7! or 7}, thus yielding the result. The only argument of GY!
that is possibly a function of 7! and 7} is QY] (see equations (B4) through
(B6)). The only part of QY that is possibly a function of 7! and =} is
A - AD%;? + (A5)%,2, which, by the first part of this lemma, is not a function
of wi or w{. QE.D.

X =

, (B10)

Proof of Theorem 2. Part (a) is obvious given equations (B1), (B2), (B3), and
(B7). Part (b) obtains after algebraically manipulating equations (16), (17),
and (18) with ITj = IT{ = [T} = 0, using the results of Lemmas 1 and 2.
QE.D.

II1. Proofs for Propositions 1, 2, and 3

The effect of a closure on the price function can be examined using the total
differential of equations (17) and (18) when IT{ = IT} = 0. The total differen-
tial of 7, from equation (17), evaluated at SRE values, is

. 1 N Ny ]
N VI 7 N RTT GY, 3G, |47
G, Gi
@(ﬂl - A)|dGY }. (B11)
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The total differential of 7, from equation (18) is:

dmy = | || o e — A~ |dG, + | =L 22 |Gy .
i N Ny { G{I G{1 G{I aG{1 H G% G?] H
R UA
G Gn
(B12)

Proof of Proposition 1. Since informed risk after a closure is the same as in
a SRE, dG{, = 0. However, uninformed risk is bigger, and dGY, > 0. Since
the coefficient on dGY, in equation (B11) is positive, dm, is positive, and
price reflects more news. Q.E.D.

Proof of Proposition 2. The coefficient on dGY, in equation (B12) is also
positive. Thus, since dG, = 0 and dGY, > 0 after a closure, d, is positive,
and postclosure liquidity costs are greater than SRE liquidity costs. Q.E.D.

Proof of Proposition 3. By equation (19) in theorem 2, 7, is the weighted
average of 1 and A,, with weights that depend upon the relative size of each
type of agent’s per-agent risk (N;/GI)). The effect of the closure on
depends upon how it affects the weights and A,. It can easily be shown that
A, is a decreasing function of GI,. Consequently, if the weight on A, increases,
7, unambiguously falls. It can also be shown that the weight on A, is larger
when GY| increases proportionally less than G!,. Since this last condition
holds prior to a closure, preclosure 7, is less than the SRE value of ;.
Q.ED.

IV. Mean Return Results

The following two Lemmas are required to derive mean return implica-
tions. The proof of Proposition 5, which describes the postclosure risk dis-
count, follows these Lemmas.

LEMMA 3: In a SRE, the values of ¥} and ! are constant and equal for all t.
That is,

th = \PtU =¥= GI Y
12

(B13)

for all t, where A,G1,, and G, are the SRE values of the mean return, GI%
and G1, respectively.

Proof of Lemma 3. The SRE value of ¥/ (i =1 and U) is obtained by
finding the value ¥’ that satisfies equation (B7) and the additional conditions
that ¥/ = ¥/ , =¥ and G”, G'**!, and A'*! are their SRE values (i.e.,
when G = G""*! = G' and A'*! = A). The solution is
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. G, -G,\A

Pi = H—LE -, (B14)
Gis Y

for i + 1 and U. Although A’ is a function of ¥ and ¥U according to
equation (21), it is shown below that SRE A is independent of ¥/ or ¥U. As
such, equation (B14) represents a reduced-form solution for ¥*.

SRE values for (G{ — G1%)/G1, and (GY — GY})/GY} are obtained by first
finding SRE values of the elements of the matrlx Q dunng a SRE. Let Qi
denote this matrix. Replacing o,’ for ¢,> and o, and 0. for o2 and g}
in equations (B1) through (B3) and (B4) through '(B6) ylelds the elements ‘of
the matrix (. The matrix G that occurs during a SRE is the matrix G* that
satisfies equation (B8) and G¥’ = Gi,, where G!, is the 1,1 element of G
Solving for each element of G’ as a function of G!, and rearranging yields

Gl - GI ol —of
11 _ 12 _ . 11 _ 12 . (B15)
Gy Q5 — O3, + Gy
and
GY - GY ol —of
11 _ 12 _ i i 11 U 12 . (B16)
Gr, Q5 — Oy + Gy — 1 - ’\1)0};

Comparing Gi; and GY| as defined by equation (B8) also yields GI, = G¥,
(1 - /\1)0'n2.

Substituting G{; = GY, — (1 — A,)¢;? into equation (B16) implies that the
right-hand sides of equations (B15) and (B16) are equal. Thus, (G —
Gi5)/Gis = (GYf — G /GY, and ¥ = ¥V = ¥. QED.

LEMMA 4:
(a) After a closure, ¥!, | =¥Y =V
(b) Prior to a closure \If 1 =Y,
Proof of Lemma 4(a). By equation (B7),

AT+ W,

i iT+1 it+1
q,7+1 - (G -G GiTt2
Yo

(B17)

Since we assume that the economy returns to a SRE the second period
following the closure, GI7*1, GIz*!, GI7*2, A™*2 and ¥/, are SRE values.
Thus, the right-hand s1de of equation (B17) is the definition of a SRE ¥/ As
a result, ¥/, = ¥/ For uninformed agents, the closed-form expression of
G+l — GY*! can be calculated in the manner outlined in the proof of
Lemma 3. The result shows that G{7*' — G{5*! is independent of o,> and
aw2 ., Thus, it depends only on the future news and liquidity shock variances.

Since the future shock variances are the SRE constants, Gir+l — GY*l s
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the same as the SRE value. Furthermore, since G%*2, A™*2 and ¥Y, are
SRE values, the rlght hand side of equation (B17) is the definition of a SRE
WY Consequently, ¥4, = ¥U. Because ¥V = ¥/ = ¥ by Lemma 3, ¥, =
YU, =¥, QED.

Proof of Lemma 4(b). The definition of ¥/ and ¥V from equation (B7) and
the result that ¥Y, = ¥! | = ¥ implies that

-
A1+1

i - Gt
[
\PT - Gt7+1

Since the term in square brackets is the same for i = I and U, the second

+ ¥

(B18)

part of the lemma holds if (Gf; — GI})/GIi*! = (G — )/GUTJr1 Using
equation (B8), it can be verified that
Gi-Gi _Gh-ch  ofi-of 19
Gii*! G, 0F% - ff + Gf,’
Gl GUT Ql-r _ Ql-r
GU T T 0L —QhL + G- (1- A D202’ (B20)
and
Gt =Gl + (1 - A"H202. (B21)

Substituting equation (B21) into equation (B20) shows that the right-hand
sides of equatlons (B19) and (B20) are equal and, thus, ¥/ = V. However,
since G{] # G1;, and GY # GY, ¥J = ¥V do not equal ¥. Q.E. D.
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