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Abstract

This paper analyzes the asset pricing implications of periodic dividend payments
within the context of a stationary rational expectations model with heterogeneous in-
vestors. The periodicity of dividends provides a natural motivation for time-varying
conditional volatility in stock returns. I show that the unconditional distribution of re-
turns is a mixture of normals distribution, which has non-trivial skewness properties.
I examine how conditional volatility, trading volume and skewness in stock returns are
related to information dispersion and liquidity in the stock market.
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1 Introduction

This paper develops an asset pricing model under the assumptions of periodic dividend pay-
ments and investor heterogeneity. The periodicity of dividend payments motivates conditional
heteroskedasticity in stock returns. I use the model to study how investor heterogeneity af-
fects conditional heteroskedasticity, trading volume and skewness in stock returns. I am
interested in analyzing the sources of skewness in stock returns, and the relation between
skewness and trading volume.

Periodicity in dividend payments generates positive skewness in stock returns. With
periodic dividends, cash flow news is priced to reflect the appropriate discounting up to the
dividend payment.! Thus, news released closer to the dividend payment produces a greater
impact on the conditional return volatility, even though the unconditional volatility of news
is constant. Not only the conditional volatility of returns increases towards the dividend
payment, but also it increases at an increasing rate. In the presence of a risk-return trade off
in the model, these properties apply also to expected returns and induce positive skewness
in expected returns.

In the model, investors are heterogeneous with respect to their information sets and their
investment opportunity sets. Building on Wang (1994), informed investors are allowed to
trade a stock and a private investment opportunity. The private investment return is posi-
tively correlated with the stock return giving rise to rebalancing trades. These rebalancing
trades mask the information trades by the same informed investors and prevent the equilib-
rium from being fully revealing,.

Shocks to the private investment return mimic liquidity shocks in that they give rise to non
informative, rebalancing trades that need to be absorbed by the remaining investors in the
market. The incentive to rebalance the portfolio changes through time and is driven by the
time series pattern of the conditional correlation of stock returns with the private investment
return. When liquidity shocks are large, this correlation inherits the monotonicity in the
conditional covariance between the stock return and the private investment. In particular,
the conditional covariance increases with time up to the dividend payment because with
less discounting the stock can serve as a better hedge to the private investment. With an
increasing conditional correlation, informed investors optimally choose to hold more of the

stock. The equilibrium then requires that informed investors bid up the stock price well

'In the model announcement of dividends coincides with payment of dividends.



before the dividend payment, offsetting the steep increase in expected returns that otherwise
would exist due to the periodicity in dividends.

The presence of asymmetric information gives informed investors an added incentive to
buy more of the stock as the date of the dividend payment nears. This is because the
information asymmetry is highest just before the dividend payment, despite some information
revelation through the market price. Again, this means that at the equilibrium informed
investors offer high prices long before the dividend announcement. Both liquidity shocks and
information asymmetry thus work to flatten expected returns closer to dividend payments,
reducing skewness in expected returns.

I show that skewness in expected returns is an important determinant of skewness in
stock returns. At any point in time, stock returns are conditionally normally distributed
with conditional moments that depend, among other things, on the time left to the next
dividend payment. Unconditionally, however, stock returns are not normal because the mean
and variance of a randomly drawn stock return observation depend on the time left to the
next dividend. Instead, the unconditional distribution of stock returns is shown to be a
mixture of normals distribution. Under a mixture of normals distribution, skewness in stock
returns is given by two components. One is skewness in expected returns. The other captures
the association between expected returns and conditional return variance. Numerical exer-
cises of comparative statics suggest that skewness in expected returns can be an important
determinant of skewness in stock returns. Therefore, while the assumption of periodic divi-
dends tends to generate positive skewness in stock returns, liquidity shocks and information
asymmetry tend to reduce this skewness.

In the model, it is not necessary that greater liquidity shocks lead to greater turnover,
because liquidity shocks occur from rebalancing trades. In particular, when liquidity shocks
are sufficiently large, the correlation of stock returns with the private investment return is
so low —a variance effect— that the incentive to rebalance is reduced and turnover decreases.
But for low levels of the liquidity shock, the usual result applies that larger liquidity shocks
lead to more turnover. In addition, turnover increases also because larger liquidity shocks
reduce uninformed investors’ adverse selection problem. Thus, the model has the ability to
predict that skewness and turnover are negatively associated when this association is driven
by liquidity shocks.

Turning now to existing empirical evidence, it is well documented that firm-level, daily

stock returns display positive skewness (e.g., Kon, 1984, Chen et al., 2001, and Bris et al.,



2007), though marketwide returns display negative skewness. In addition, recent studies have
shown that skewness in firm-level returns is negatively associated with own firm turnover
(Chen et al., 2001). There is also evidence that firm level stock returns are well described by
a mixture of normals distribution (Kon, 1984, Zangari, 1996, and Haas et al., 2004).

The theoretical literature has focused on explaining instances of negative skewness on
marketwide returns, for example linked to market crashes. Hong and Stein (2003) argue that
negative skewness in stock returns arises because the presence of short sales constraints limits
the ability of bad news to enter the market, thus keeping prices artificially too high. That is,
until the bad news becomes prevalent and prices crash to reflect the cumulative information.?
Hong and Stein go on to argue that this effect is not the sole determinant of skewness in their
model but that it dominates when differences of opinion are large. They thus predict that
skewness and turnover should be negatively related.

Recently, however, Bris et al. (2007) do not reject the hypothesis that firm-level skewness
is unrelated to the presence of short sales restrictions (likewise, see Bae et al., 2006). Together
with the fact that firm-level skewness is positive, the firm-level evidence calls for a theory
that explains the association between skewness and trading volume. This paper provides one
such theory. In addition, I also argue that the negative association between skewness in stock
returns and trading volume can occur even at low levels of information asymmetry, further
distinguishing from the mechanism in Hong and Stein.

The model is also consistent with other facts on dividend announcements and earnings
announcements. Dividend announcements are associated with high returns and high volatil-
ity of stock returns (Kalay and Loewenstein, 1985). Ball and Khotari (1991) show that
the high expected returns around earnings announcements are also associated with high
volatility. Finally, informed investors tend to buy before earnings announcements and to
sell afterwards. Kaniel et al. (2008) show that individuals intense buying prior to earnings
announcements is associated with positive abnormal returns following the announcement and
post-announcement sales by individuals. They attribute about 50% of their finding to private
information trading.

The model is related to the literature that analyzes the flow of information and its impli-

cations for trading behavior (e.g., He and Wang, 1995), and the literature that studies trading

?Blanchard and Watson (1982) suggest that negative skewness is caused by the large but infrequent negative
returns that arise when stock price bubbles burst. Other studies that focused on asymmetric volatility include:
Black (1976) and Christie (1982) with the leverage effect, Pindyck (1984), French et al. (1987) and Campbell
and Hentschel (1992) with the volatility feedback effect, and Bekaert and Wu (2000) and Wu (2001).



volume around public news events in models with information asymmetries (e.g., Kim and
Verrecchia, 1991, 1994, 1997, and Kandel and Pearson, 1995). This paper complements
that literature by studying a stationary asset pricing model of event studies and focusing on
different a set of moments on returns and trading. Albuquerque and Miao (2009) study a
framework where investors also have private information about future dividends that is un-
correlated with current dividends. They use that setting to study momentum and reversals
in stock returns.

The paper is organized as follows. The next section describes the complete model. Section
3 describes the equilibrium in the complete model. Section 4 analyzes the effect of periodic
dividends, liquidity and information asymmetry on conditional moments of stock returns and
trading volume. Section 5 discusses the sources of skewness in the model and its association
with trading volume. Finally, Section 6 concludes. The appendix contains the proofs of the

propositions in the main text and some additional results.

2 The Model

The model economy is composed of infinitely lived investors which have differential informa-
tion about the underlying value of the stock. Investors also differ in their access to investment

opportunities a la Wang (1994). The model is further detailed next.

2.1 Investment opportunities

Investors trade in a riskless asset which has a perfectly elastic supply at the gross rate of
return R > 1. There is a single stock in fixed supply of 1. Each share of the stock is infinitely
divisible and trades competitively in the stock market at the ex-dividend price P, at time t.

The stock pays a dividend every K + 1 periods,
K
§=0
It is understood that if ¢ corresponds to a period k > 0, then D, = 0. The dividend can be

decomposed into a persistent component,
Fy=ppFi1+¢f, 0<pr<1,

with Ef ~ N (0,0%), and a transitory component, ZJKZO €£ Ktj- Information about the

transitory component is revealed every period in the form of shocks e ~ N (0, a%). Trading



periods are further identified by a superscript k = 0, ..., K, where k = 0 refers to a dividend-
paying period and k = 1, ..., K refer to non-dividend-paying periods. Below, I often identify

a period with (¢, k). I then write the excess return in a dividend-paying period as

=P+ D, — RPK,,
and in a non-dividend-paying period as

k — pk k—1
Every period, investors get two public signals about the next dividend,

StFk — Ft + 6fk>

St = el +et
where &f ko N (O,U%k) and 5?’“ ~ N (O,J%k). The quality of the public information is
determines the level of asymmetric information. When information is infinitely precise and
O'%k = J%k = 0, then there is no asymmetric information across investors.

Lastly, there is another risky asset only available to informed investors which pays the

excess return,
Qi1 = Zt + €4, (1)

at time ¢t + 1. The excess return in this private investment opportunity is composed of a

persistent expected excess return,
Zi=pyZi1+ef, 0<pz; <1,

with EtZ ~ N (0, O'2Z) and a transitory unexpected return ef ~ N (O, 02). It is assumed that
E (ePe}) = opg > 0. Except for the correlation between e/ and &7 no other correlation

between shocks exists.

2.2 Investors’ problem

There is a continuum of identical, informed investors denoted by the superscript ¢, and a
continuum of identical, uninformed investors denoted by the superscript u. The mass of
informed investors is A and the mass of uninformed investors is 1 — A. Investors choose their

time t asset allocation to maximize utility over next period wealth,

—F |exp "Wt |77



For informed investors, j = ¢, the maximization is over the holdings of the riskless asset, of
the stock, 6;, and of the private investment opportunity, o, and is subject to the budget
constraint,

Wiy = inllet + aiqip1 + RWy,

and the information set,

1 __ F D D
It — {Pt,s, thsa St—sa St—5> ths> thsv st_S}SZO .

Uninformed investors, j = u, face a similar budget constraint, but with «; = 0, and have the
information set,

U F D
t = {Pt—87 Dt—87 St—sa St—s}szo .

For any variable x;, its conditional expectation under Z}* is denoted by &; = E" [z|Z}'] =

2.3 Definition of equilibrium

Investors trade the stock competitively in the stock market, making their asset allocation
while taking prices as given. In equilibrium, the stock price is such that the market for the
stock clears:

ML+ (1—N\) 6y = 1. (2)

3 Stock Market Equilibrium
3.1 The equilibrium state vector and price function

In solving for the stock market equilibrium, I start with a guess for the state vector; the vector
that contains the information needed to price the stock. In principle, the full history of shocks
may be relevant, but because of the information hierarchy present in the information sets
of the two investor groups, the equilibrium may be described via a finite-dimensional state
vector. To further understand the components of the state vector, consider for example
the information relevant at time (¢,0), a dividend-paying period. Because dividends have
just been paid, the information contained in ZjK:o ££ K+j is not useful to forecast the next
dividend payment and information about F; and Z; suffices. Next, consider the period
immediately after a dividend-paying period. Because investors now have information about

Fy, Z;, and P, and P is to be paid later, then all three are needed. In keeping with this



reasoning, I guess the state vector to be
Xt = [Ft, Zt, 8?, ceey EQK]T .

The state vector has a fixed dimension of K +3. As suggested above, at times this state vector
may contain too much information, but this formulation guarantees stationarity. Letting
el = [sf, eZ el el efk, 8,?1“] T, with Elge =F [efsfq , the appendix shows that the dynamics

of the state vector can be represented via the constant matrices A, and B,:
x; = Ayx;1 + Byel. (3)

Note that I allow the vector of residuals to depend on k as the noise in the public information
may vary across periods.

Next, I guess the time ¢ stock price —corresponding to k periods after the last dividend
payment— to be

Pf = p* +pix; + Pi%s, (4)
where %; = E}[x;]. Uninformed investors learn II* = pFx; from observing prices which
implies
pix; = B} (P?Xt> = pi%y.

Hence, one of the variables in X; can be expressed as a linear function of other variables and

thus drops from the price function. I drop Z; by noting that

A 1 pil o .
Zy = —pixy — ——%4, (5)
Di2 Di2

where p;o is the second element of p;, and I_5 conforms with the state vector and denotes
the matrix that is the same as the identity matrix, except that the (2,2) element equals zero.
Thus, I set p,o = 0.

The next proposition characterizes the equilibrium price function.

Proposition 1 In equilibrium, the price function is given by,

Rka+1—k k—1
F Ft + R*(K+1fk) Z€£J (6)
=0

t REK+1 _ pg—&-l

k—1
k k 2 k D ~D
+piaZt — Py1 <Ft - Ft) - Zpu3+j (5t—j - 5t—j) )
j=0

for any k = 0,..., K. The price function is such that p* < 0, and pf& < 0 if and only if
Covf (Qt41,qr+1) > 0.



The first line of the price function describes the present value of dividends when all
information is public. The present value calculation accounts for the fact that at time (¢, k),
it takes K +1 —k periods until dividends are paid. The persistent shock ¢ dies out over time
according to pp, and continues to matter for pricing even after the next dividend payment.
The transitory shock e enters the stock price function because (some) investors learn about
it before being paid as dividend. Thus, despite being transitory ¢ has de facto persistence
of one until the next dividend payment and persistence of zero thereafter.

The second line has two components. The first is the effect of rebalancing by informed
investors: When the two assets are positively correlated an increase in the expected return
of the private investment opportunity Z; shifts some of the weight that informed investors
put on the stock onto the private investment, thus lowering the stock price. This aspect of
the stock price can be interpreted as the stock’s ability to absorb liquidity shocks in which
case pr describes the level of liquidity in the stock. A period k with low (i.e., less negative)
p,’fg can be interpreted as a high liquidity period.

The second component describes the effect of asymmetric information. With pﬁjzo,
knowing that the stock is better than uninformed investors think it is, i.e., F} — Ft >0
or atDﬂ- — ?:Brj > 0, gives informed investors knowledge that the price is lower than it should

be if it is to reflect the present discounted value of dividends.

3.2 Uninformed investors’ filtering problem

Over time, the quantity of information available to uninformed investors changes, namely
to reflect the fact that when k£ = 0 dividends are paid and may be used to forecast the
ability to pay dividends in the future. Specifically, at every non-dividend-paying period
(t, k), uninformed investors observe the vector y} = [Hf, SFk, StDk]T, whereas at dividend-
paying periods (¢, 0), uninformed investors observe y¥ = [H? ,SF0 SPo. Dt]T. The appendix
shows that it is possible to write the vector of observables making use of the time-varying
matrices A’yC and B’; ,
y; = Alx; + Ble}, k=0,.. K.

Define the conditional volatilities:
k k k ksk pk
¥ =B, X Bl Eyy: ByEEEByT,

and Q; = EP [(x¢ — X¢) (x¢ — X¢)"] . The next proposition gives the solution to uninformed

investors’ filtering problem.



Proposition 2 The steady state Kalman filter is given by the K + 1 matrices {Qk}k:o Kk

that recursively solve the system of K + 1 Riccati equations:
QF — (1 - K’,g—lA’;) (AkaflA; + zg’gz)
-1
K = (Aka_lA; v zgx) AlT (A’yf (Aka_lA; + 2’;96) AT 4 z:’;y) .

If t is a dividend paying period and k = 0, it should be understood that k — 1 stands for K.

Uniformed investors forecast of the state vector is given by

% = Agk1 + K| ley, (7)

and
Vi = AjAskiy + & 8)
The residual &F = yF — ] [yf] 1s normally distributed with mean zero and covariance

matriz Vary | (éf) gwen in the appendiz.

I show below that the modeling feature of periodic dividends, which guarantees that the
observation vector is time-varying, is sufficient to generate conditional heteroskedasticity in
returns even in the absence of asymmetric information. An additional source of time-variation
in stock return volatility results from conditional variation in Q¥ due to endogenous changes

in the level of asymmetric information.

3.3 Optimal asset allocation

From the optimization problem of both investors I derive the optimal holdings for the stock

for each investor,

. Ej Qk+11 N O
o - { t+} B POq i Et laet1] | ©

) 2 , 2 ) ) . 2
7(vhs) (1 ~ (Pou) > 19Q.k% (1 ~ (Pon) )
By Qi ]

L dand iy
7(78)

Demand for the stock is composed of a myopic term for both investors. In addition, informed

(10)

investors may trade the stock to hedge the risk in other components of their portfolio. The

hedging demand term, reflects the fact that when the stock is positively correlated with the

10



private investment, i.e., Pégq > 0, buying more of both assets increases portfolio risk and is
undesirable.
To construct the demands, I calculate the expected return of the various assets under the

different information sets. Using equation (6), the appendix shows that
) k+1 k k k k ~D
Bl |QU] = b el 2 - el (B - ) - Zeuﬁs -ePy).

and
B Qi) = b + el 2 (12)
Finally, the expected return for the private investment opportunity is E} [g;41] = Z;. Substi-

tuting these expressions in the asset demands gives the next result.
Proposition 3 The equilibrium stock demand functions are
93; _ fk+1 fk+1Z 4 fk+1 <Ft Ft) + k-:}3 5?; Ef)j) (13)
0f = fiit+ i, (14)
where fk+1 ka >0, and ka >0 and fikfrl < 0 if and only if Covi (Qis1,qrr1) > 0.

These stock demands guarantee stock market clearing. In equilibrium, uninformed in-
vestors trade only to accommodate what they think are rebalancing trades by informed
investors as dictated by movements in Z;: Uninformed investors buy when they perceive that
informed investors are selling for liquidity reasons (i.e., Zt is large), thus expecting a positive
return (see equation (12)). Informed investors trade the stock to rebalance their portfolio by
reducing their holdings when private opportunities abound, and to make use of their private
information by increasing their holdings when uninformed investors underestimate either Fi
or eP ;- As can be seen from equation (11) and the fact that ek+1 > 0, informed investors
sell the stock in response to a rebalancing shock, notwithstanding the high expected returns:
The expected loss of high future returns on the stock sold comes at the benefit of hedging

some of the risk from taking a larger position in the private investment opportunity.

4 Stock Return and Trading Volume Dynamics

This section analysis the dependence of the distribution of stock returns and trading activity

on k, the parameter which identifies the distance from the next dividend-paying period.
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4.1 The role of periodicity in dividends

To isolate the role of the assumption of periodic dividends, consider a benchmark economy
with a representative investor who trades only the stock and has information Z}. In this
economy the equilibrium is characterized by a price function identical to that in equation
(6) with pk, = pﬁj = 0 (see the appendix). Further, the following are moments of the stock

return conditional on k£ alone,

B [Qft] = var (QF). (15)
with )
Rk—‘rlpK*k B B
F

The main result from this benchmark model states that conditional stock return volatility
increases with k despite the fact that the news released at any period (¢, k) displays constant
volatility, i.e., the unconditional volatilities associated with ¢ and e are constant and
equal to J%, and O'2D, respectively. Intuitively, e/ and eP are only paid as dividends in period
t+ K + 1 — k, and their impact on the stock price at t reflects the necessary discounting.
For example, € enters the price function at time ¢ with a coefficient of R~(K=k) \whereas
P, enters the price function at time ¢ + 1 with a coefficient of R(K=k=1) 5 R=(K=k) This
means that the impact of news on stock return volatility is also discounted, but less so as k
increases. In addition, it is easy to show that discounting also implies that the conditional
volatility is convex in k.

In this benchmark model of a representative investor with myopic asset demand, equation
(15) states that the expected stock return is proportional to the conditional stock return
volatility. Therefore, expected returns increase monotonically, and are convex in k. These
properties have implications for the distribution of expected returns. In particular, lower
values of expected returns occur for smaller k£ and are relatively closer together than higher
values of conditional returns, which tend to occur more spaced out. The intuition is that
news that occur long before dividend payments occur are highly discounted and contribute
little to risk, giving rise to periods of concentrated low expected returns. News that occur
close to dividend payments impact prices more and contribute more to risk, giving rise to
peaks of volatility around dividend announcements when expected returns are also high. This
asymmetry in expected returns means that the distribution of expected returns is positively

skewed and, as I will show below, is an important determinant of skewness in stock returns.
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4.2 The added effect from rebalancing trades

In this subsection, I extent the benchmark model above to allow heterogeneity in investors’
investment opportunity sets, while maintaining the assumption of identical information sets.?
In the presence of other correlated assets (see (1)), informed investors trade to rebalance
their portfolio giving rise to non-trivial volume properties. The appendix shows that the
equilibrium is described by a price function identical to that in equation (6) with pﬁj =0
and pf2 < 0 for all k, from which I can derive the equilibrium conditional mean returns and

variance:

By [QFF] = yvane (@5 dob (7)
A+ (1- ) (1 - qu’k>
with )
Rk+1pK—k - 3 2
Vary, (inll) = (RKH—_};KH J% + RAK k)azD + <p52+1> 02Z. (18)
2

The conditional covariance of stock returns with private investment returns is
COUQ,Lk = Ri(Kik)UDq. (19)

Combining (10) with (17), I obtain,

1— 2
E, [0Y] = PQuk . (20)

A (=) (1= 03,

Investors shift their asset holdings to reflect their subjective risk exposures. Specifically, a

high (squared) correlation pé%k means that informed investors can hedge more of the risk
associated with the stock and wish to hold more of it.

The presence of the private investment opportunity produces the following three new
effects on conditional moments. First, the returns of the stock and private investment are
correlated and their covariance increases over time (see equation (19)). The intuition for the
increasing covariance is that at time (¢, k) the contribution of the risky dividend cash flow to
the stock price, which can be hedged using e} 11, 1 a discounted R (K *k)atDH.

Second, holding fixed the volatility of returns, expected returns decrease relative to (15)
provided pég ok = 0. Intuitively, a fraction X of the investors now perceives the stock to be less
risky and only price the risk that cannot be hedged with the private investment opportunity,

which is effectively equivalent to a model with lower risk aversion. Third, the conditional

3For consistency, I maintain the label “informed” investors even though in this model all investors share
the same information set.
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stock return variance increases relative to (16) by the term (pf2)2 0%. This term is due to

liquidity shocks that affect prices via informed investors’ portfolio rebalancing.

To proceed, I resort to numerical methods because the model does not lend itself to a
complete analytical solution. The parameters chosen do not represent a proper calibration
of the model but illustrate qualitative patterns that are found to be robust. I focus on
the moments discussed above and also on the conditional mean trading volume, Ej [V ol].
Trading volume is defined as Vol; = (1 — ) |6} — 61| = (1 — A)|Af}, and its conditional

mean is

Ep[Vol,] = (1—-)) \/%UAQ?J{;.
Mean trading volume is derived from the fact that volume has a Chi distribution with one
degree of freedom. Mean trading volume changes with the volatility of net acquisitions by
uninformed investors, O'QA@%k. The appendix shows how to compute Uerf,k'

Figure 1 illustrates some equilibrium properties under two scenarios, low versus high O'QZ.
For sufficiently low values of 0%, the rebalancing effect is of second order for the variance of
returns and the last term in (18) is small. It helps to consider the limiting case of 0%, — 0.
The conditional return volatility equals that in the benchmark model, is increasing with k,
and, it can be easily shown, it increases with k faster than the conditional covariance. Thus,
the correlation of the stock return with the private investment return declines monotoni-
cally with k. The stock becomes an increasingly poor hedging asset for informed investors’
private investment as k increases, and their stock holdings decrease with k (see equation
(20)). To encourage uninformed investors to buy at an increasing rate there must be an
increasing dispersion in expected returns at high values (even relative to the dispersion in
conditional variance values), generating positive skewness in expected returns over and above
the skewness predicted by the periodicity of dividends.

When 0% > 0, the effect described above is complemented with a liquidity effect acting
via the conditional volatility of returns. As 02Z increases, the liquidity effect becomes the
main driver of the conditional variance of returns because the weight of the term (pf; 1>2 02Z
on total variance increases. In particular, I find numerically that the new variance term is
relatively flat with respect to & compared to the monotonicity of variance induced by the

periodic nature of dividends.* On the one hand, this leads to a less skewed distribution of

4For sufficiently small ¢%, I find numerically that the liquidity effect may increase the skewness in oé,k,
thus increasing skewness in conditional expected returns. This effect may dominate the effect of liquidity
through pg, for very small values of o%.
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conditional variance of returns and, by (17), a less skewed distribution of expected stock
returns. On the other hand, given that the conditional covariance of the stock return with
the private investment return is increasing in k (see (19)), the correlation pg, ) becomes
increasing with k as well.> This gives informed investors an incentive to buy increasingly
more of the stock on average as k increases, but can only be an equilibrium outcome if
uninformed investors, which provide liquidity, are compensated by selling at high prices well
before the dividend announcement. Both effects suggest a flattening of expected returns prior
to the dividend announcement leading to lower skewness in expected returns (see Figure 1).
The presence of liquidity shocks thus offsets the increase in expected returns prior to dividend
announcements caused by the periodicity of dividends.

Rebalancing trades lead to non-trivial trading volume as seen in Figure 1. The main
difference between the low and high O'QZ cases regarding trading volume is that in the former,
conditional trading volume is decreasing in k, whereas in the later it is increasing in k. This
difference is caused by the patterns of the conditional correlation of stock returns and private
investment returns. When the conditional correlation increases with k, informed investors’
hedging demand introduces increasing variation in stock holdings in response to the volatility

in the expected private investment return, i.e., 0‘2Z.

4.3 The complete model

In the complete model, investors differ also in their information sets, Z; and Z*. Information
asymmetry introduces a third effect into conditional moments. Namely, despite some reve-
lation of information via the price, informed investors may accumulate private information
as k increases thus reducing the risk they face when holding the stock and increasing their
expected return.

With asymmetric information the expected return becomes,
. \2 ; 2 L \2
g (UQ,k> (1 - <qu,k> > (UQ,k>
2 N2 , 2\
M(ots) 0= (ohs) <1 ~ (#lous) >

As before, the expected return increases with risk aversion and with increases in the risk of

B (QiH) = (21)

the stock as perceived by either informed or uninformed investors. Combining (10) with (21),

®To summarize the monotonicity properties of szq,k with respect to k, it decreases with k for low 0%, but
it increases in k for sufficiently large o%.
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I obtain the conditional mean holdings of uninformed investors,
. \2 ; 2
(UQ,k) <1 - (qu,k) >
L \2 S \2 . 2\
Mow) + 100 (70) (1 (s)’)

In an equilibrium where informed investors accumulate private information as k increases,

By [0}] = (22)

their conditional return variance decreases with k£ and uninformed investors’ conditional mean
holdings decrease.

It is not possible to obtain a (quasi-) closed form solution to the conditional variance
of stock returns, aéyk = Varg (ijfll) The conditional variance differs from those in the
previous models in that asymmetric information changes the way shocks affect prices and
also introduces additional volatility via the forecast errors of uninformed investors.

To analyze the properties of the model, I evaluate the equilibrium numerically in the case
of maximal asymmetry of information, a%k, O'2Dk — 00. Figure 2 presents the equilibria that
result under two scenarios, small and large 02Z.6 The two cases produce similar, qualitative
implications for the conditional return and variance and for conditional mean holdings of
uninformed investors. These implications are also quite similar to those in Figure 1 for the
case of large 0%. The presence of asymmetric information generates an incentive for informed
investors to buy more of the stock as the date of the dividend payment nears. This is because
the information asymmetry is highest just before the dividend is paid, even after accounting
for information revealed through the market price. This information effect magnifies the
rebalancing effect associated with the monotonicity of pg,j that exists when U2Z is high.
When 0'2Z is low, it may dominate both the effect associated with periodic dividends and
the rebalancing effect which would otherwise lead to a declining pg,. Therefore, expected
returns display more of an hump-shape prior to dividend announcements, leading to increased
negative skewness.

What makes the case of low 022 stand out is its implications for mean volume. When 022 is
low, information trades tend to dominate rebalancing trades worsening the adverse selection
problem. As informed investors’ private information accumulates with k, the adverse selection

problem becomes more acute, and trading volume dries up prior to dividend announcements.

Tn Figure 2 I use a lower value for ¢% than in Figure 1 since otherwise the juxtaposition of the plots would
not allow for a clear observation of the various patterns.
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5 Skewness, Asymmetric Information, and Liquidity

Conditionally, equilibrium excess stock returns are normally distributed. Unconditionally,
however, they are not normal because the mean and variance of a randomly drawn return
observation depend on k. Hence, because a k-period stock return is drawn from a normal den-
sity ¢ (Q; elg, 0227 k:) and such observations occur with frequency 1/ (K + 1), the unconditional

distribution of returns is a mixture of normals distribution. Formally,

Proposition 4 The unconditional distribution of stock returns is a mizture of normals dis-

tribution with density
K
1 k2
f(@Q) = il kz—o(b (Q&oﬁ@,k) ;
where ¢ (.) is the normal density function.

The periodicity of dividends, by generating time-varying conditional volatility in stock
returns, leads to the derived mixture of normals distribution for stock returns for K > 1.
This result provides a theoretical justification for attempting to fit a mixture of normals
distribution for stock returns (e.g., Kon, 1984).

In the appendix, I prove the following corollary.

Corollary 1 The unconditional mean and variance of stock returns are

K
_ 1 k
E(Qt+1) = Kr1l 2607
k=0
1 & 2
Var (Qe+1) = K+l g [U2Q,k + <€§ - E(Qt+1)> } .
The unconditional skewness in stock returns is
3 1 = k 3 3 - kg
E - F = — — F _ 2 _ g2 —e ).
(@-F@n)] == > (b= 2 @)+ kZ:OZk (B — %) (cb—b)

(23)

The unconditional mean return is simply the mean of the k-conditional expected re-
turns, elg = F; (ijff) The unconditional mean variance is an average of the k-conditional
variances plus the mean of squared deviations of each of the k-conditional means to the

unconditional mean.
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Skewness in stock returns can be broken down into two parts. The first term in (23)
is the level of skewness in expected returns, ef. This term is positive (negative) when a
small number of expected returns display high (small) values. The second term describes
the impact on skewness of the correlation of return volatility with expected returns. Loosely
speaking, this second term is related to the leverage and feedback hypotheses that entertain
a negative correlation between current realized returns (hence high expected returns) and
high conditional volatility. The literature that exploits asymmetric volatility as a driver of
skewness thus focuses on this term. When returns follow a mixture of normals, uncondi-
tional skewness does not depend on the correlation between realized returns and conditional
volatility. Moreover, skewness in expected returns also matters for overall skewness in stock
returns.

When K = 0, returns are unconditionally normally distributed and skewness is zero.

When K = 1, because each k-period is weighted equally, it is straightforward to show that
leczo (e —E (Qt+1))3 = 0. Skewness is

(0%70 - 02Q71) (68 - 6(1)) . (24)

1w

B|(Q-EB@Qu)?| =

When K = 1, positive skewness is thus an implication of a risk-return trade off; when
periods of high expected returns are associated with periods of high volatility. Furthermore,
the stronger the risk-return trade off, the higher is the skewness. In contrast, the ability to
predict negative skewness is likely to represent a challenge to theories that predict both that
returns follow a mixture of normals distribution and a risk-return trade off.

When K > 1, the first term in (23) is no longer necessarily zero and skewness in expected
returns also matters. Thus, unconditional skewness in returns becomes harder to sign. How-
ever, it remains that the second term in (23) is positive when aék > Jé,j and ef > eé.
Therefore, while a risk-return trade off tends to generate positive skewness, it is no longer a

necessary nor a sufficient condition.

5.1 Periodicity of dividends and skewness

To understand the various drivers of skewness, consider again the benchmark model of sub-

section 4.1. When K = 1, skewness can be easily derived by first combining (24) with (15)
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and then using (16) to get:

E [(Q -E (Qt+1))3} = 31 (022,0 - J2@,1)2

v/ R , R2-1,\°
Z<R2—p%O—F+ R2 (25 .

Skewness increases with risk aversion . Higher risk aversion increases the sensitivity of
expected returns to conditional volatility and thus leads to higher positive skewness. Skewness
also increases with volatility of dividends as given by a% and O'QD, because volatility has a
level effect on O'ZQI — 02(,20 and hence on skewness. Intuitively, increases in volatility magnify
the dispersion in volatility induced by discounting, leading to a stronger risk-return trade
off. When K = 2, one must also factor in skewness in expected returns as discussed above.
I show in the appendix that skewness is also positive and varies in the same way with those
parameters.7

This benchmark model is consistent with two stylized facts about firm-level skewness in
the US and abroad. First, firm-level skewness in daily returns is generally positive (see Kon,
1984, Chen et al., 2001, and Bae et al., 2006). Second, firm-level skewness increases with
firm volatility. In Chen et al. (2001), firm-level skewness is shown to increase with firm-
level return volatility and decrease with firm size. Bae et al.(2006) also show that firm-level
skewness decreases with firm size. If smaller firms have more volatile cash flows, then these
results suggest that indeed firms with more volatile cash flows have higher skewness. While
many empirical studies control for volatility as a driver of skewness, there are no theories for
why firms with more volatility should have more positively skewed returns. In fact, as Chen
et al. (2001) argue, the leverage and feedback theories of skewness would tend to predict a

negative association between volatility and skewness.

5.2 Liquidity shocks and skewness

Consider the model of subsection 4.2 again, now to analyze the effects of liquidity shocks
on skewness. Recall that an increase in J2Z tends to generate lower and possibly negative
skewness in expected returns, which contributes to lower skewness in stock returns. In ad-
dition, liquidity shocks also impact the risk-return trade off. The main channel is through

a decrease in the skewness of conditional volatility of returns for large O'2Z, which decreases

"For K > 3, calculations get very messy quickly and I am not able to show that skewness is always positive.
However, the result above that the conditional expected return is increasing and convex in k, (and numerical
simulations,) suggests a concentration of conditional expected returns at low values, and thus positive skewness.
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the risk return trade off. For low 0%, liquidity shocks may amplify the dispersion in the
conditional volatility, leading to greater skewness in stock returns. Figure 3 suggests that by
and large the former two effects dominate, inducing a negative association between liquidity
shocks and skewness in stock returns.

The monotonicity of unconditional mean volume, (K +1)"* 3" i i [Voly], with respect to
022, depends on the relative strength of two factors. First, 02Z has a direct positive effect on
the volatility of holdings through the volatility of the conditional private investment return.
This is the traditional effect of liquidity shocks. Second, O'2Z has an indirect negative effect
through pg, which declines as 02Z increases, discouraging overall rebalancing by informed
investors. Figure 3 shows that the former dominates for low values of 0%, whereas the later
effect dominates for high values of 0%.

Variation in the relative size of liquidity shocks can thus produce a negative association
between skewness and turnover at low values of O'QZ, while generating positive skewness in
returns. In this range, liquidity shocks increase turnover. At the same time, liquidity shocks
decrease the skewness in expected returns because informed investors become increasingly
eager to hold relatively more of the stock close to a dividend announcement and encourage
uninformed to sell (or to buy less) by bidding up the price prior to the dividend announcement
and flattening subsequent expected returns.

This prediction is consistent with the evidence in Chen et al. (2001) that (¢) high turnover
is associated with lower skewness, and (i7) unconditional mean skewness is positive. In Hong
and Stein (2003), high turnover is also associated with lower skewness, but unconditional
mean skewness is negative. In their model, if bearish investors cannot short the stock and
chose to leave the market, their information is not incorporated into prices. When more
negative information arises which makes other investors also bearish, the cumulative effect
of the new information and of the old information is a sharp decline in prices which may be

associated with high volatility and high trading volume.

5.3 Asymmetric information and skewness

Consider again the complete model where agents are heterogeneous also with respect to their
information sets. I start by first illustrating the effects of liquidity on skewness in this model,
and then move on to discuss the effects of information asymmetry.

Figure 4 plots skewness and turnover for various levels of the liquidity shock O'QZ assuming

maximal asymmetry of information, U%k, a%k — 00. As J2Z increases, informed investors are
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better able to mask their information trades and less information is revealed through the price.
This gives informed investors an extra incentive to hold more of the stock as the dividend
payment approaches. Hence, they must bid the stock price up long before that in order
to buy from uninformed investors. Expected returns have a pronounced hump-shape and
are negatively skewed contributing to overall negative skewness in stock returns. Skewness
in expected returns is the dominant source of variation in skewness, eventually generating
negative skewness for large JZZ.

Turnover is increasing in 0% over a wider range of values for 0% relative to the model
without asymmetric information. The reason is that in the presence of asymmetric informa-
tion, larger liquidity shocks contribute to more turnover by decreasing uninformed investors’
adverse selection problem. Thus, the model with asymmetric information also predicts a
negative association between turnover and skewness.

The effect of asymmetric information on skewness and turnover is depicted in Figure 5. In
the figure, I allow 0%, and 0%, to vary from 0.01 (low information asymmetry) to 0.96 (high
information asymmetry). The increase in information asymmetry, for fixed 0%, leads to lower
skewness as suggested above. For turnover, the increase in information asymmetry produces a
non-monotonic pattern. A negative association is to be expected when the adverse selection
effect is strong enough. A positive association may arise if the level of liquidity shocks is
sufficiently large. To see this note that when O'2Dk = a%k — 0 only rebalancing trades exist.
For small a%k and J%k, trading volume may increase with noise in pubic news because
informed investors can and will exploit their information advantage by trading on it besides
trading for rebalancing reasons.

The model with asymmetric information predicts a negative association between skewness
and volume caused by changes in the level of information asymmetry. In addition to predicting
this negative relation, the model provides two testable hypotheses that differ from those in
Hong and Stein (2003). One is that the negative association occurs even though skewness
is positive. In Hong and Stein, skewness is predicted to be negative. The other is that, the
negative association is predicted only for low levels of information asymmetry.® In Hong and
Stein, it requires large difference in opinions. The evidence strongly supports that firm level
stock returns display positive skewness. It is up to further testing determining how investor

“disagreement” impacts the association between skewness and turnover.

8In the extreme case of no information asymmetry, liquidity shocks can also predict the same negative
association (see subsection 5.2).
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6 Conclusion

This paper analyzes the asset pricing implications of periodicity in dividend payments within
the context of a stationary rational expectations model with heterogeneous investors. The
paper establishes that periodic dividends gives rise to time-varying conditional volatility in
stock returns and is an underlying source for positive skewness in the model. The periodicity
of dividends is sufficient to predict that the unconditional distribution of returns is a mixture
of normals distribution.

The paper also demonstrates the effects of liquidity shocks and information asymmetry
on conditional moments and skewness. I show that skewness in expected returns may be an
important driver of skewness in stock returns. I also show that both liquidity shocks and
asymmetric information may cause a negative association between skewness in stock returns
and turnover.

Future theoretical research would aim to understand related sources of time variation in
conditional moments in stock returns, including the fact that dividend announcements are
made with a lag relative to the actual dividend payment. In addition, not all news events are
associated with dividend news. Separately identifying the effect of public cash flow news from
dividend announcements is also left for future research, possibly by enriching the model of
dividend changes. Future empirical research should try to determine how the level of investor

disagreement affects the negative association between firm-level skewness and volatility.
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Appendix

A Proofs

I start by proving Proposition 2 and then turn to the proofs of propositions 1 and 3. The
proofs of propositions 1-3 follow the general approach developed in Albuquerque and Miao

(2009).

Proof of Proposition 2: The matrices that describe the state vector dynamics in equation

(3) are given by

pp 0 0 1 0 0 00

0 py O 0 01 0 000

0 0 0 .. 0 00 1 000
Ac=119 0 1 o0 o> B=lo . o0 ’

.. 0 0 .. 0

0 0 .. 0 1 0] i 0 .. 00,

and the conditional covariance matrix of the vector of residuals when period ¢ is k periods

after the last dividend payment is,

(0% 0 0 0 0 0
o2, 0 0 0 0
2
k oph 0D 0 0
EI;EZE[E’%T]: ’ aéq 0 0
otk 0
- oy |
Uninformed investors observe the following signals at any time ¢:
ye = [ Sf° SP° D, )T = Ajx, + Bjey,
yb = [1F SR SPF|T = AFx, +BEeF, k=1, K,
where
- p -
A = | @ VR I
v o Cc3 ’ y €1 )
| c2 L ©3
8 8 8 8 (1) 8 00 0O0O0O
B, = , Bf=|0o00010
' vuon ot 000O0O0T1
100 0 0 0 0|
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The row vectors ¢; have zeros in all columns except at position [. The row vector c_s has
ones everywhere except at column 2.

Define the conditional volatilities:
»F.=B,%5 Bl F = BISE BT,
and QF = E'[(x; — %¢) (x; — %¢)7]. The steady state Kalman filter is given by the K + 1
matrices (see Anderson and Moore, 1979)
Q.. af
that solve the Riccati equations
k k—1 k—1 A kOk—1
QF = QF KA Q] (A.1)
-1
k—1 k—1 Ak kk—1 Ak k
Ki™' = QAT (Abp AL + 38
Q= AQFIAT 43R
If ¢ is a dividend paying period, replace Ql,z_l by Qéf and K’,:_l by Ké( . I then obtain the

steady-state filters as described in the proposition. The residual &f = yF — ] [yﬂ is

normally distributed with mean of zero and conditional covariance matrix

Vari1 (&) = ALA, Q" ATAN + (ALB, + BL) 55 (ALB, +B)). (A2)
|
Proof of Proposition 1: Using the guessed price function in (4) write the excess return

at time ¢ 4 1, assuming that ¢ + 1 is a non-dividend paying period (i.e., K —1 >k > 0 at

time t), as
Qi = P +pf T xn + P ok — R (pk +pix + Pﬁl—zit>
= p" - RpF+ (pf“Ax — Rpf) x¢ + (pii“I-zAx — Rpﬁl—z) %4
+p; ' Baef i + ph T T oK 81

= P = Rpf + (b AL - Rpf) %o + (PETT2A, — RPEL2) % + o' Buefl]

1 -
+pi T Ky, <AZ+1A3; (I—Q - C;TP?I—2> (xt — %) + (A’;"'le + BZ—H) sﬁ_ll

Di2
k+1 k+1 k+1g k+1 _k+1
= e et e R + by e
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where the constants

eg+1 — PPl RpF
eft! = pFflA, — Rpl + piHI LK ARFTIA, <I 2 —cl— pZI )
12

(A.3)
(A.4)

bl = pMHIIL,A, - RpiT ., — pEtILK], ALTIA, <I 2 —cl— p M 2) (A.5)

Dia
b = BB, + Pl ILKE, (ALTB, + BT,

To arrive at the third equality above, I use the fact that

N N A | 4l A o
En = Y — Ay Ak

— Al;+1 (A:rxt n Bfoill) 4 Bl@jﬂaﬁf ASHAzfit
= AJTAL (xi - %)+ (AETB, + BET) el
1 -
= AltlA, (1_2 —c] p—%pfl_2> (x¢ — %) + ( AlIB, + B’yfﬂ) ertt,
(2
where the last equality follows from (5),
1 .
Zt — Zt = —kpr,Q (Xt — Xt) ;
i2
and from

Xt—)A(t = I_ Z(Xt_xt)+cz (Zt Zt>

1
= To(xt—%)—cd kPkI 2 (%t — Xy)
Pio

1 -
= <12 — C;—kpflg> (Xt — Xt) .

Di2
Conditional expected returns equal

E! [inll} = elgﬂ + ef“xt + e§+1§<
prlin] = e (e aet)z
Use (5) to substitute out Z; in E [Qf_ﬁ] (because likely ef™ # 0) and derive

k+1 k1 Gk+1 < > kt1g
E} [Qtil} = et et [I_gxt—kc;Zt} +eit %y

5 1 5
= eftt ettt [I_gxt +¢3Z; — —-¢ip; Mg (R — xt)} + eftlg,
12
1 1
= k+1 —i—el€Jr1 <c2cz + —c2pZI 2) xt + [ h (1_2 —czplI 2)
pz? sz
= e§+1 + éf“xt + &kt
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Likewise, I proceed in the same fashion to obtain the expression for excess returns when

t + 1 is a dividend-paying period:

QU1 = P+ pixers +POIoRi1 + coaxipn — R (p" +pfx + pi T o%)
= p’+ (pY +c_2) (Aux; + Byely) + pol o (Ask, + K 5t+1) R (pK + Pl X+ puKL25<t)
= p" = Rp" + ((pY + c—2) Az — Rp[") x¢ + (POI_2A, — Rpi1_5) % + (p) + c_2) Baely,
+pOT LK (AgAx <I_2 —cl pigp{(u) (x¢ — %)+ (A)B, + B )sm)
B S N PO TV S

with the constants 68, e?, el and bOQ appropriately defined. Expressions for E} [Qg +1] and
B [QY,] are obtained as before.

The volatility of stock returns conditional on Z} is
(022,14;)2 =F! [(Qﬁf E! [ij}D } = b’éﬂz’;;—l (b]22+1>T7
and the volatility of stock returns conditional on Z}* is
(Ugg,k)2 — g [(Qfﬁl EY {inllb } iﬁ:—&-le (ef“)T I blg—lzlgg—l <b’22+1>T
The volatility of private investment returns conditional on Z} is
(00)" = B [(avs1 — B} lar1]) "] = o2
Finally, the covariance between stock and private investment returns conditional on Z} is
Covggy, = E; {(ij—_ll - E| [inllb (gr41 — Ef [Qt+1])] = b s ],

where ¢} is a column vector of zeros with 1 in the fourth position. Define pqu,k as the
conditional correlation between stock and private investment returns conditional on Z;.

It is now possible to solve for the stock demands and find the stock price that clears the
market. From the investors problems, the optimal asset demands are as in (9) and (10).
Inserting the asset demands into the stock market clearing condition yields

can o]

7 (o)

i [ k+1 -
£ o] Py Pilan]

e (- 6a)) ()
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After replacing the conditional expectations with the expressions above, I get the following

set of equilibrium conditions:

Aeft! APiQ%kCQ N (1—2) et <C5C2 + ic;prq)
N N2\ N2 2
1 (oa) (1= (ans) ) 7ots (1= (o)) 7 (7)
k+1
elitl e’ " (I,g - éc;prq) + el tl

A +(1-=X)
Y (Ulc'g,k)Q <1 - (Pa%k)z)

The first set of equations gives, for all k,

;)2 . ; 2 . \2
(7o) (1~ (aus)) (o0
e’é“ Q:k Qqk Q:k

= > 0. (A.9)

A (07527k)2 (=N (abk)Q (1 - (pégqka)

k
k+1 T 1 Tk _ k+1 [ pF Pk Pi k43
e; <C2C2 + —cpilo ) =€ p—? 1 p% —’p,_j ,
2 12 12 12

Using

in (A.7), gives

k

k+1DP;1

k+1 e Tl

A eil 1— %2 pg

+
Y[ i \2 2 7y 2
(o) (1= (o)) 7 ()
e,’f;l pz@q 1—A 6?2“

(0@2(1—(%,1)2) o (1_% q>2> +— (J%)j

k+1P;
k+1 €. .
ks 1=\ o

@) )

= | >
|
|
o

= >
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which can be solved for

! pﬁ 1= <0—22>2 <1 _ <pé2q> 2) Covf (Qus1, qi41)

G = _Z%)\ (05)2 - (022>2 (1 - (pqu) 2) (03)2 ,  (A.10)

il . A (Ué)z . Cov} (Qti+127 Qt-l—l), (A.11)
Aeoy) + =N (a@ (1 ~ (Pl ) CH

il _ %e{c—f—l

7,3 pk il

Turning now to (A.8), use

1 k k
k“ (I_ c2p o ) = [ ffrl efjl% 0 e,’grl ekjlg—g ] ,
1/2 k3 1
to derive
A e eht! — el B 4 ekt
U
() (1 ray) 1(72)
\ ! k+1
0 = =2 Cu2 + (1 o )\) Cu2
i

7 2 2 u 2
(“Q) (1‘%) 7(“@)
k41 k+1pﬁ+ k+1

k1 €;3 €i2
0 = 2 Cus NGy 22

(o) (-2 ()

Solving these equations yields

2
_ i 9 ‘
S Ph 1-X <0Q> <1 qu) Covy (Qi41, Gi+1) A19
ul - p_k 2 N2 9 (1)2 y ( . )
S (A
efgl = 0,
et = p;fele“,

Dix

The equilibrium is a solution to 2 (K + 3) (K + 1) price coefficients p*, p¥, and p%. Note
that p¥, = 0. Equations (A.3) and (A.9) can be combined to yield K + 1 equations that

28



can be solved for p*, as will be done below. Combining equations (A.4) and (A.10) yields
(K +1) x (K + 3) equations and combining equations (A.5) and (A.12) yields the remaining
(K +1) x (K + 2) equations. Note that the equations for e, are redundant. When solving
these equations, I substitute for the values of the conditional variances and covariances of
returns computed above and that depend on the filtering problem of uninformed investors. A
solution to this nonlinear system of equations constitutes a stationary rational expectations
equilibrium.

It is possible to further characterize the equilibrium solution. Note that ef}“ + efjl =0

for all [ but for [ = 2. Thus, provided ¢+1 is not a dividend paying period (i.e., K—1 > k > 0),
adding (A.4) and (A.5) gives

)

e/ + et = pi "' A, — Rpf + Pl 2A, — RpIL o,

which can be simplified to yield

0 = (pffl + pﬁ#) pr— R (pfl - p51> (A.13)
eyt = P ps — Rl (A.14)
(A.15)

k+1 k+1 k k
0 = pi}—f(—+3 + pu}Jrg - R (piKJrQ + p’u,K+2)
k k
0 = piky3+Pukys:
If t + 1 is a dividend paying period (i.e., K = k), one obtains
e} +e) = (p} +c2) A, — Rp}* + p)I 2A, — Rp, 1,

which can be simplified to yield 0 = pﬁQ, and

0 = (ph+1410%)pr— R (pf +ph) (A.16)
ey = phpy— Rpls (A.17)
(A.18)
0 = p?K+3 +1+ p2K+3 -R (p5<+2 + pUKK+2)
0 = pgﬂza + P5K+3-

Putting it all together gives the following solution to the coefficients of the price function.
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First, I get the solution for {p*} from (A.3) and (A.9):

pO RK RK —1

| €p

| -1 1 RE .. R el
~ REKF1 S

p RE-1 .. 1 RK ed

where each p* < 0. Next, I get the solution for {p,} by combining (A.11) with (A.14) and
(A.17):

po pg RK RK_IPF Rpgil 60
72 4 Rpg—l p%( RK R2p§_2 72
K—1 T E— o K—1
D RE+1 _ jE+1 - B - €;
;32K Pr RE-1 pr RE-2 p% RE-3 p‘} RK ?K
2 RK RK—lpF RK—QP% . IOI{S 2
(A.19)

Note that if Covf, ;. > 0, for all k, then pf, < 0, for all k.
Further, it is possible to solve for p¥ + p¥, using (A.13) and (A.16):

k K+1—k
R°pp

k k
PintPu = oo kil
v w RK+1_pF+

Collecting the remaining equation in (A.15) and (A.18), I get pr+3 +pﬁK+3 = 0 for all k,

and
K K -1
Pik+2 t Puk+2 = R
p§K+2+pﬁK+2 = 07 kZO?aK_]-
K K -1
Pik+1 T Puk+1 = R
K—1 K—1 )
Piky1 TPuk1 = R
p§K+1+pﬁK+l = 07 kZO?aK_Q
pis+ps = R
pg—l +p53_1 _ R2
Piz+pyy = RE
pis+pls = 0, k=0.



To complete the proof, I now show that

K _ K _
Dik+3 = Puk+3 =0
K-1 _ _K-1 K-1
Dikto = Pyxi2 =Piky3 = puK+3 =0

1 _ 1 _ .1 .1 .1 1 _
Dia = DPusa = =Dik+2 = Puk+2 = Pik+3 = Pur+3 =0

o _ o0 _0_0_ _ 0o _0 _.0o _.0 _
Pis = Duz =Dig = Duya = - = Pik+42 = Puk+2 = Pik+3 = Puk+3 = 0.

I start with showing that p¥ 5 = pf, 5 = 0. Start with (A.5) and assume that k + 1 # 0,
or k < K. It can be shown that

k+1 1T

Pu1 PF — Rpﬁl
0

k+1
ekt Put~ — Bipys _phHIKE | x (A.20)

k+1 k
Dur+s kRpuKJrQ

L —Rpy s J

k+1 k+1p k+1 k+1p k+1P5, K+3
[ e — 1l b By Pis  —Pia EPz - TPy TPz

0
Pr 0 0 (A.21)
0 0 0 0

with the term on the right hand side post-multiplying p]‘”rl equal to

_ i k1D, k+1 _  k+1D; k+1PF i
i (p%1+ Pr =i pklﬂZ) thipor 0K (PJ — Py iﬁp ) pJ K+3p kb,
kil k1Pi k1 k1P k1P
k4178
0 p12+ K+3kaK+31

Then, using the last row of (A.20) for any k < K, and letting Kﬁ 41.1. denote the first column
of K£+17

k+1 k1 Ph K+3 1yck
et = —Rpf g + Pt =L ) pht Kiii,
p12
Replacing the value of eﬁ'}'{l_kg by its expression in (A.12) and using the fact that p’fLK 43+

pr 43 =0, the previous equality can be written as

2
_ ) 2 .
p§K+3 (1-X (JQ> (1 qu> Covy (Qt-i—l? Qt—‘rl) k1 pZK_A,_g k+1y-k
% p 2 2 = Rpfic 3+l = p Pl KR
Pz ) (cﬂé) F (1= (U%Q) (1 . pgq> (o) Pia
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Suppose pr+3 = 0, then

2
_ i — 2 i
1 (1-X) (0Q> (1 qu) Covy (Quy1,q41) R i ket lych
- 5 —5 2 =L+ =5=pzPy Bppi-
Pia ) (0152) +(1=X) (UZQ) (1 — péq> (oh) Piz

Now note that for k£ < K (k+ 1 # 0), the next to last equation in (A.20) is

k
k+1  _ k+1 k k+1lyek k-+1 k+1Piry2
Cuk+2 = Puk+3 — BPurc2 =Py Kjiq1 (piK+3 ~ Pi2 p—kpZ> ’
i2
or

2

k _ i _ 2 ) .

DiK 42 (1-X) (J ) (1 PQq Covt (Qi41,qt+1) s
ok 2 N2 ) ( i)2 — Pk 2
Y T EA RS I
k

k k k+1Pik 42 k k k

= pu+1Kk:+1,1.pi2+l Zpk+ Pz — plf—’(_ifi (1 + pu+1Kk+1’1_> .
2

k+1
uK+

k+1 k+lyck
0= _pi;(r+3 <1 + Pt Kk+1,1.> .
Under the assumption that pf}ig # 0, it must then be that 1 + pﬁHKﬁ_s_1 . = 0. But, from
(A.14),

Again, replacing the value of e, .~ , and using (A.22), I arrive at

E+1 _ . k+l k
o =Dio Pz — Rpja,

which combined with (A.22) and the equilibrium value of ef; 1 leads to

Covj (Qty1,qr41) k+1 k+lyck
= =Piz Pz (1 +Py " Kk+1,1.> -
(%)
This results in a contradiction unless the two assets are uncorrelated, i.e., Cov} (Q¢11, gi11) =
0. Next, I show that pga_g = puK[al_Q = 0. (The proof for the other price coefficients is similar.)

From the next to last equation in (A.20) written for k = K — 1:

K-1
K K—1 Ky K—1 (. K K Pik+2 _ K
Puk+3 — RpuK+2 — Py KK,L <P¢K+3 — Pi2 ﬁ%) = CuK+42
i2
pE-l
K-1 KyekK—1 _KPiKk12 _ K
—Rp, k1o + Py KK,l. Pio— 1Pz = Cuk+2:

i2
Using the expression for eUKK 1o pg{é + pflgb = 0, and letting pg{é # 0, then the last

expression can be written as

pis pg = 1 (1-X) (UiQ>2 (1 B pg?q) Cov} (Qry1,qr11)
N (05)2 +(1=N) (a@? (1-02,) (o)
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which it was just shown to not hold. The contradiction implies pz P +2 =pEl =0.m

Proof of Proposition 3: Throughout, I shall use the result proved above that ekJrl +
k+1 = 0 for all [ but for [ = 2. Using (10) and the expression for E}' [Qf_ﬁf}, the stock

demand of uninformed investors is

k+1 k+1 k+1)\ &
o e Tt (ei + e, ) xt k+1 + ek+1Z
t prm— pr—

7 (o) (b

The asset demand of informed investors can be similarly obtained. Using (9) and the expres-

sion for E} [inll}, I get

9% _ k+1+ek+1Z k+1 (Xt—fit)_ Péqut
S\ 2 . 2 L . 2
() (1—(ngq)) ot (1- (v4))
6’5“ _ pé»?q _ f2+1 7
N2 N2 o N2 N2 N2 t
1(7) (1= () ) oot (1= (0)") 7 ()" (1 (o))
okl . k-1 1’3&3 5 "
- N2 = N2 (Ft_Ft>_ 2 - N2 (&2 —&25) -
1(7)" (1 () =y ()" (1 (b))
k+1

Using the expression for e;, " in equation (A.11), the coefficient associated with Z; can be

.\ 2 . 2
w0 - ()
i i i \? u)? i \? i \?
Yoo, (1 — (qu> ) A (O'Q> +(1=X) <0'Q> (1 — <qu> >
which is negative if and only if Covi (Qs11,q:41) > 0. Summarizing, because elgﬂ > 0,
ka ka > 0. Also, ka < 0 and ka > 0 if and only if Cov} (Q¢41,qi+1) > 0. B

written as

)

Conditional volatility of returns and mean trading volume calculations: Compute

the value of the stock return variance conditional only on knowing that returns are drawn
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from a period of type k:
2 k+1 k 1
ook = Lk (Qtil - ) ]

k+1 ktlg k+1 _k+1
= Ej <ei+xt+ +x—i—bjLEtJ'fl)}

(2

= Ek Etu <e’.“+1 (Xt — )A(t) + 65?;121/ + b]22+1€fj—rll) :|
T A T
— blgrlzigjl <b’22+1> 4 < f2+1) E, {Zt2:| + el ik (ef—l-l) 7

recalling that Ej, {(xt — Xy) Zt} = F {Ef ((Xt —Xy) Zt>] = F [Eﬂ (x; — Xy¢) ZAt} = 0, using

the law of iterated expectations. To compute Ej {Zf}, note that, by definition of QF,
%] = BY [x¢x]] — QF.

Thus, B [%:%]] = Ep[xx]] — QF. Turn now to the value of FEj [x;x;]. First, note that
conditional on (t, k), then t—1 is a k—1-period and, abusing notation slightly, E}, [xt,lel] =
Ejp—1 [x¢—1x]_;]. Then,

Eylxex]] = By [Bi_ (xex])]
= A;Ej [xe1x] ] AL+ B,EEB]
which can be found by solving the system of K + 1 equations on E} [x;x]| and noting that
Ey [x¢x]] = Ay Bk [x-1x]_;] Al + B,X0.BL.

The value of E [Zf] is the (2,2) element of Ej, [x;x]] — QF.

To compute the mean trading volume, I solve for Uiay, s
Aoy = B |(0F 0y — B (07 = 071))°]
. . 2
= Ej [(ffleZt - f@llet—1> }
~ 2 N PN
= () B [22) + (7)) B (22) — 20 B (2020
= (fk+1> [Zg} + (fqlfl - kafrlpz) fiEr ( 7 1)

where the third equality uses the fact that conditioning on ¢ being a k-type period then ¢ — 1
is a k — 1-type period and E} (215271> = FEr_4 (Zt{l> The last equality uses the fact that

the conditional error in the expression for Zt is independent of Zt_l. |
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Proof of Corollary 1: Using the definition of f (Q), the unconditional mean stock return

is
K
1
(Qu1) = 77 kzzo k(@) = 7 >

The unconditional variance in stock returns is

K
Var (Qu1) = K;—i—l Z / (Q—E(Qu1)) ¢ <Q; 615,0?@70 dQ
k=0
1 K 2
= T3 Z/ (Q —ef+ef - E(Qt+1)> ) <Q;e’§,a2Q7k> dQ
k=0
1 K & 2
T K11 Z (Ué,k + (60 - E(Qt+1)) )

pl@-r@Qu)| = = 3 [ @-E@u)* o (Qich o) da
k=0
1 & 3
= T2 [ (@b - B @) ¢ (Qichot) d
k=0
= K;H i [(elg - L (Qt+1))3 +3004 (615 - E(Qt-l—l))] -

The second term under the summation sign can be manipulated to yield the expression in

the corollary by noting that

K
1 .
e — B (Qu1) = K+l > <€§ - 66) ;

and grouping terms together under the last summation sign.ll
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Figure 1: Model without asymmetric information. Pictures depict the event window

around the dividend announcement, which occurs at date 0. Expected return is Ej, [ij:ll},

conditional volatility is O'é’k, holdings of uninformed investors is (1 — \) Ej [#}] and condi-
tional trading volume is Ej, [V ol;]. Variables have been normalized to have mean of one. The
solid line is for 0% = 2 and the dashed line is for 0% = 5. Public signals are fully informa-
tive, O'QDk = a%k = 0. Remaining parameters are: K = 10, 02D = o2

q:O'%x:].,O'Dq:.E),
pr=pz7=.9~v=>5 A=.5, R=1.0025.
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Expected return Conditional variance
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Figure 2: Model with asymmetric information. Pictures depict the event window around

the dividend announcement, which occurs at date 0. Expected return is Ej, [inll}, condi-

tional volatility is Uék, holdings of uninformed investors is (1 — A) Ej [#}] and conditional
trading volume is Ej, [V oly]. Variables have been normalized to have mean of one. The solid
line is for 02 = 1 and the dashed line is for 0% = 5. Public signals are not informative,
a%k,a%k — 00. Remaining parameters are: K = 10, 02D = ag = O‘% =1, opy = .5,
pr=pz=.9,v=>5 A=.5, R=1.0025.
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Figure 3: Model without asymmetric information: The effect of liquidity shocks.
Public signals are fully informative, ‘72Dk = O’%k = (0. The parameters used are: K = 10,

a%zagza%zl,aDq:.S,pF:pZ:.9,’y:5,)\:.5,R:1.0025.
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Figure 4: Model with asymmetric information: The effect of liquidity shocks.
Public signals are not informative, U%k,a%k — 00. The parameters used are: K = 10,

0} =02=0%=1,0p; =5, pp=pz=.97=5 A=.5 R=10025.
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Figure 5: Model with asymmetric information: The effect of information asymme-

try. The parameters used are: K = 10, ‘72Z = a% = 02 = a% =1,0pg =5, pp=py=.9,

v =5, A=.5, R=1.0025.
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