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Abstract

This paper shows how post earnings announcement drift may arise in a capital market
with rational investors if the firm’s earnings in consecutive periods are positively corre-
lated and there is afixed supply of the firm’'s shares. This result is driven by the fact that
equilibrium share prices depend on the forward looking information contained in current
earnings and the amount of risk that the fixed supply of shares imposes on the investors.
If the latter is sufficiently large, share prices will be relatively rigid with respect to the for-
ward looking information contained in current earnings. Hence, good (bad) news yields
an increase (decrease) in the equilibrium price that is too small compared to the informa-
tion that is released in the earnings announcement, so that positive (negative) abnormal
returns are likely to occur again in the next period.
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1 Introduction

Post earnings announcement drift is generally considered to be a capital market anomaly. It
was first documented by Ball and Brown (1968), and refers to the predictability of future ab-
normal returns based on previous quarterly earnings announcements. In subsequent years,
numerous studies aimed at giving an explanation for this phenomenon, e.g. Joy, Litzenberger
and McEnally (1977), Watts (1978), Rendleman, Jones and Latane (1982), and Foster, Olsen
and Shevlin (1984). Freeman and Tse (1989) and Bernard and Thomas (1989) show that a
disproportionately large fraction of the drift is delayed until the next quarterly earnings an-
nouncement. Following this observation, Bernard and Thomas (1990) attribute post earnings
announcement drift to investors not fully recognizing the implications of current earnings on
future earnings. More specifically, investors form their expectations on the basis of quarterly
earnings following a seasonal random walk, thereby ignoring the well-documented positive
correlation of two subsequent quarterly earnings (e.g. Foster (1977), Brown and Rozeff (1979),
Bathke and Lorek (1984), Brown, Griffin, Hagerman and Zmijewski (1987)). In contrast to
Bernard and Thomas (1990), Ball and Bartov (1996) claims that investors are aware of the
intertemporal correlation of quarterly earnings. Post earnings announcement drift emerges
because investors underestimate this correlation. Soffer and Lys (1999) reconciles the two
contrasting perspectives of Bernard and Thomas (1990) and Ball and Bartov (1996) by argu-
ing that investors' expectationsincorporate more and more of the serial correlation in quarterly
earnings as the quarter progresses.

Post earnings announcement drift is part of a more genera pattern of asset pricing
anomalies. Empirical evidence shows that following a public information event, capital mar-
kets underreact in the short run (i.e. positively correlated abnormal returns, see e.g. Grinblatt,
Masulis and Titman (1984), Cutler, Poterba and Summers (1991), and Loughran and Ritter
(1995)) and overreact in the long run (i.e. negatively correlated abnormal returns, see e.g.
DeBondt and Thaler (1985), Fama and French (1988), and Poterba and Summers (1988)).
This return predictability is considered to be inconsistent with capital market efficiency. Re-
cently, several behavioral theories have been proposed that feature the af orementioned under-
and overreaction in capital markets (see e.g. Daniel, Hirshleifer and Subrahmanyam (1998),
Barberis, Shleifer and Vishny (1998), and Hong and Stein (1999)). Thesetheoriesare al based
on bounded rationality of investors.

This paper takes atheoretical approach to explaining capital market under- and overreac-
tion and post earnings announcement drift in particular. 1t examines the equilibrium behavior
of stock pricesin a capital market with positive correlation in quarterly earnings. The model
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considers two periods. At the start of each period (i.e. quarter), investors can trade in a risky
asset and arisk free asset. The risky asset represents a share of a particular firm, which quar-
terly earnings are positively correlated. The number of shares of this firm is exogenously
given and the same in both periods. In other words, there is a fixed supply of the risky asset
in the capital market. At the end of each period, earnings are publicly announced and paid as
dividendsto investors. Finaly, investors are perfectly rational, constant absolute risk averse
expected utility maximizers.

It is shown that in equilibrium, the capital market underreacts to the news in the first
period earnings announcement if the autocorrelation in earningsis sufficiently high and if there
isasufficiently large amount of risk in the capital market. The explanation for thisresult isthe
following. The second period equilibrium price of the risky asset depends positively on the
information that first period earnings provides about second period earnings and negatively on
the amount of risk in the market. The latter follows from the fact that investors are (increasing
relative) risk averse and that the supply of the risky asset isfixed. So, if more risk has to be
allocated to the same popul ation of investors, the equilibrium price should decrease to clear the
market. In particular, if therisk issufficiently large, the forward looking information contained
in first period earnings has an insignificant effect on price. Hence, if first period earnings are
high, the second period price increases, but it increasestoo little compared to the positive news
that high first period earnings provide about second period earnings. Similarly, if first period
earnings are low, the second period price decreases too little compared to the negative news
of low first period earnings. Since the second period equilibrium price is relatively rigid with
respect to new information, second period abnormal returns are likely to have the same sign as
in the first period, that is post earnings announcement drift emerges.

It is further shown that capital market overreaction arises if the correlation in earnings
is sufficiently low. This may explain the long run reversal in the return pattern. Assuming a
sufficiently high amount of risk in the market, short run correlation in earnings can be suffi-
ciently high to induce underreaction. Since the correlation in earnings diminishesasthelagin
earnings increases, the short run underreaction will eventually be followed by an overreaction.

Post earnings announcement drift thus arises naturally in a capital market with perfectly
rational investorsif there is more risk than investors can bear. Too much risk resultsin aprice
rigidity that prevents prices from fully reflecting all publicly availableinformation. Thisreturn
predictability, however, need not imply that capital markets are inefficient. Efficiency requires
that no publicly available information is ignored in setting the equilibrium prices. This till
holds true for the capital market presented in this paper. In fact, the return predictability of



post earnings announcement drift is necessary to adjust the investors' demand so as to meet
the exogenous supply. Hence, the abnormal returns do not arise from adelayed price response,
they are just to compensate for the risk that investors have to bear.

What is important to observe, is that capital market efficiency does not imply that fu-
ture abnormal returns are not predictable. Most empirical studies on capital market efficiency
erroneously rely on the validity of thisimplication. Extreme caution is therefore required in
interpreting the existing empirical evidence on capital market (in)efficiency.

The remainder of this paper is organized as follows. Section 2 presents the theoreti-
cal model. Section 2.1 shows under which conditions under-/overreaction occurs in a capital
market. Focus will be specifically on short term underreaction in terms of post earnings an-
nouncement drift. Section 2.2 then shows how a reversal in the return pattern can arise in
equilibrium, while Section 2.3 discusses the robustness of the results. Section 3 deals with the
implications on capital market efficiency and Section 4 concludes.

2 Abnormal returnsin a capital market

Consider acapital market with one risky and one risk free asset over a horizon of two periods.
The risky asset represents a share of a particular firm. At the end of each period ¢ = 1, 2, the
firm pays its earnings per share ¢} as dividends to its shareholders. The earnings per share jj,,
t = 1,2, aredistributed as follows

. yn, Wwith probability p,
Y1 = . - (@)
y;, With probability 1 — p,
and

- yn, With probability r,
y;, with probability 1 — r,

- yn, With probability g,

y;b%:yh = . ope (3)
v, With probability 1 — ¢,

where 0 < p,q,r < 1 and y, > y > 0. Observe that earnings can be either high or low
and that the distribution of second period earnings depends on first period earnings. More
specifically, the covariance in earnings equals COV (31, 94) = p(1 — p)(q¢ — r). Consistent
with empirical observations (e.g. Foster (1977), Brown and Rozeff (1979), Bathke and Lorek
(1984), and Brown et al. (1987)), | assume that covariance is positive, that isq > r. The
risk free asset pays y? = 1 at the end of each period t+ = 1,2. The payoff structures of the
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risky asset and the risk free asset are common knowledge to all investors. | assume that the
firm has issued a fixed number of shares z, so that supply of the risky asset is the same in
each period. The rationale for this assumption arises from the fact that firmsissue shares only
occasionally, especially compared to the frequency of quarterly earnings announcements. So,
for examining the equilibrium price behavior in atwo-quarter window, one may consider the
number of sharesto be fixed. Finally, | assume that investors can borrow the risk free asset at
no additional cost.

Investors are assumed to be constant absolute risk averse expected utility maximizers
with utility function Ui(y) = —e~a7, y € R, and risk tolerance o/ > 0,i € N C . At the
start of each period, each investor i € N has a capital endowment of w! > 0, ¢ = 1,2. Since
investors are constant absolute risk averse, | may assume without loss of generality that w! = 0
forali e Nandt = 1,2. Investors can trade at the start of each periodt = 1, 2. At the start of
the second period, the first period earnings 4+ of the risky asset becomes public information,
so that subsequent trade is conditional on thisinformation.

The notion of absolute risk aversion is based on additive changes in risk. Given arisky
payoff 7 of afirm’s share and initial wealth w’ of investor 7, let w’ + 7 equal investor i's aggre-
gate payoff. Then the degree of absolute risk aversion measures how an investor’s valuation
for the share § changes with his initial wealth w*. The general opinion is that absolute risk
aversion should be nonincreasing in initial wealth, which means that investors become less
risk averse the richer they get. Constant absolute risk aversion comprises the special case that
the degree of risk aversion is independent of the initial wealth. More important for this study,
however, isthe notion of relative risk aversion which is based on proportional changesin risk.
Let = denote the number of sharesthat an investor possesses so that his aggregate payoff equals
z1j. Then the degree of relative risk aversion measures how an investor’s valuation per share
y changes with the number of shares z in his possession. The general opinion is that relative
risk aversion should increase with the number of shares. This means that investors become
more risk averse if they invest more in the same share. One can show that constant absolute
risk aversion impliesincreasing relative risk aversion.!

In a competitive equilibrium, investors are price takers. Given the prices of the two as-
sets, each investor will demand the quantitiesthat maximize his expected utility. Then equilib-
rium prices are prices for which the aggregate demand for the risky asset equals the exogenous
supply.

1This implication is not obvious. For a more extensive discussion of absolute and relative risk aversion, see
e.g. Eeckhoudt and Gollier (1995).




Let 7, denote the price of the risky asset in period ¢t = 1,2. The price of the risk free
asset is normalized to one in both periods. Since second period trade depends on the first
period earnings 71 of the firm, the same holds true for the second period price 7, of the risky
asset. Let 7y, denote the second period equilibrium price for the risky asset if first period
earnings are high, that isif g = y,. Similarly, let 75, denote the equilibrium price if first
period earnings are low, that isif 71 = v;.

Let 2/ denote the demand of investor ; € N for the risky asset in period ¢ = 1,2, and
let 2 denote the demand for the risk free asset. Since the second period trade is conditional
on the first period earnings 71, let (zii, 22 ) and (24¢, 22!) denote the second period demands
for the two assetsiif first period earnings are high and low, respectively.

For aformal statement of the equilibrium conditions, define the indirect utility function
Vi (b, o) as the maximum expected utility that investor ; can obtain in the second period if
his budget in the second period equals b, the first period earnings equa 71 = y;, and the price
of the risky asset equals 7o, i.€.:

Vi(b,m) = max U (z50yn + 257) + (1= r)U" (250y1 + 237) (4)
st myzat + 220 = b.
In asimilar way, define V;i (b, moy,) if first period earningsequal 71 = yy,, i.e.:

Vi (b, map) = max - qU (oahyn + 257) + (L= QU (231 + 237) (5)
22h%2h

s.t. WQhZ%;L + Z%}ll =b.
Then aprice system (7, 7o, 7o, ) @nd demands (1%, 22, 238 22t 2L 22 constitute a compet-
itive equilibrium if the following conditions hold true:

i e first period demands maximize expected utility given the second period equilibrium
Thefirst d d d ted utilit th d d lib
demands and prices, i.e. foreachi € N

(21 21') = arg Jnax Vi (&1 (n o o) o ' Fon) + | (6)
(1 =)V B1"(yn + 7o) + 27, o)
st izl 428 =0.
(i) Thefirst period demands clear the market,i.e. Y 2" = z.

1EN
(iii) Conditional on the first period earnings being low, the second period demands maximize
investors expected utility, i.e. foreachi € N

(221, 231) = arg max rU (zyiyn + 251) + (1= r)U" (25190 + 23)) Y
20°721

: 1 2% _ sli A 52i
st 2oty + 250 = 21" (y1 + Tror) + 27"
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Notice that second period budget consists of the initial endowment w? in period 2, the
received dividends 21y, and the value 2}'#y; + 2% of thefirst period portfolio.

(iv) Conditiona on thefirst period earnings being low, the second period demands clear the
market, i.e. Y 4 = z.

(v) Conditional Zce)élv thefirst period earnings being high, the second period demands maximize
investors' expected utility, i.e. foreach: € N

(21 23) = arg max — qU" (z3yn + 23) + (1 — @U" (a3y0 + 235) )

Z2h2%2h
st.: 28 frop + 250 = 21" (yp + Tron) + 23
(vi) Conditional on thefirst period earnings being high, the second period demands clear the
market, i.e. Y 450 =z
1EN

2.1 Capital market underreaction and overreaction

The second period equilibrium price is expected to take into account the information that first
period earnings provide about the distribution of second period earnings. The extent to which
price reflects thisinformation may lead to under- or overreaction by the capital market. Under-
reaction impliesthat price changes are too small in relation to the information that is revealed,
yielding a positive correlation in abnormal returns. Similarly, overreaction implies that prices
change too much in relation to the information that is revealed, resulting in a negative correla-
tion in abnormal returns.
In equilibrium, the first period return of the risky asset equals
YntTon T T \ith probability p,

= s ©)

YETATT\ith probability 1 — p.
1

Recall that first period earnings are paid as dividendsto investors. Similarly, the second period
equilibrium return equals

YT ith probability (1 — p)(1 — ),
T2
Yn — T2 \ith probability (1 — p)r,
T (10)
L "2 with probability p(1 — q),
T2h,,
Yn ZT2h - \vith probability pg.
T2n

Then abnormal return for each period is defined by R, = 7, — E(ry), wheret = 1,2. The
following proposition concerns the covariance in abnormal returns.
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Proposition 1 The covariance between the first and second period abnormal return equals

COV (Ry, By) = p(1 — p) (L2t} (B |l = yy) — E(Rlfl = w)).  (10)

1

Capital market underreaction, i.e. positively correlated abnormal returns, arises if the
second period conditional expected return is higher if first period earnings are high than if
first period earnings are low. Capital market overreaction, i.e. negatively correlated abnormal
returns, arises if the opposite holds. Obviously, correlation in abnormal returnsis zero if first
period earnings do not provide any information about second period earnings. Since in that
case the conditional return 7,|g; equals the unconditional return 7, it holds that E (7|7 =
yn) = E(72|71 = u).

For determining the conditional expected returns, one requires the second period equi-
librium prices. Since investors are constant absolute risk averse, these equilibrium prices are

given by?
re-® I—r
To; = 12
= re*f—l—l—ryh—i_re*Ile—ryl (12)
and
R ge”™” l—q
= 13
Toh qe—’3+1—th+qe—1‘—|—1—qyl’ (13)
where
) (14)
dlieN %

The variable = represents the burden that the risky asset puts on the investors. The numerator
Z(yn — y;) measures the total risk that the investors have to bear due to the fixed supply z
of the risky asset. The denominator measures the aggregate risk tolerance of the population
of investors. An increase in the number of shares z or the dispersion y; — ¥, increases this
risk burden, while an increase in the population of investors decreases this risk burden as it
increases their risk sharing opportunities.

Observethat the second period equilibrium price depends positively on the probability of
high second period earnings and negatively on therisk burden. The latter followsfrom the fact
that investorsare increasing relativerisk averse. Toillustrate, one can show that in equilibrium

investor ; € N investsin 3 #— 7 shares, which isthe unique Pareto optimal alocation of the
jEN T

2The derivation of 7; is stated in the appendix. 7, is derived analogously.
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exogenous supply z of shares (cf. Wilson (1968)). Sinceinvestors' risk aversion increaseswith
the number of shares, the equilibrium price must be lower if more shares have to be alocated
to the investors.

Proposition 2 There existsaunique value x* of the risk burden, namely

r* = max (log (L . y—h) ,0)

l—q1l—1r 1y

such that the capital market underreactsif x > =*, and overreactsif © < z*.

Since post earnings announcement drift refers to underreaction, the next result follows
straightforwardly.

Corollary 3 Post earnings announcement drift arises in a capital market if investors bear a
sufficiently high amount of risk.

For the explanation of this result, recall that post earnings announcement drift arises if
the market underreactsto theinformation provided by first period earnings, that isif E(7|gf =
yn) > E(F|yi = ;). The two major determinants of the expected return are the probability
of high second period earnings and the second period equilibrium price. A higher probability
increases the expected return while a higher price decreases the expected return. The equilib-
rium price also depends on the probability of high earnings but this influence diminishes as
the risk burden increases. This observation, which isillustrated in Figure 1, drives Corollary
3 and Proposition 2. For suppose that the risk burden x isrelatively high, then the probability
of high second period earnings has only little effect on the second period equilibrium price, so
that 7o, is approximately equal to 75, Since the probability of high second period earningsis
larger if first period earnings are high than if first period earnings are low, the same holds true
for the conditional expected return. Hence, the market underreacts.

This argument no longer holds true if the risk burden is relatively low. In that case,
the probability of high second period earnings has a significant effect on the second period
equilibrium price. So, although high first period earnings yield a higher success probability
in the second period then low first period earnings, it also yields a significantly higher price.
Since the success probability and price have opposite effects on the expected return, the total
effect is unclear. In fact, if the risk burden is sufficiently low, the negative effect of price
dominates and overreaction results.

Observe that Proposition 2 reverses if earnings are negatively correlated. In that case,
the market underreacts if the risk burden is sufficiently low, i.e. = < x*, and overreactsif the
risk burden is sufficiently high, i.e. =z > x*.



Figure 1. Second period equilibrium price as a function of the probability of high second
period earnings and the risk burden on the basis of the parameter valuesy, = 2, y, = 1, and

ZiEN O{i = ]_.

Summarizing, capital market underreaction arises because a high risk burden induces a
certain amount of price rigidity for the risky asset with respect to characteristics of the risky
asset’s distribution.  As a result, prices cannot change in such a way so as to fully reflect
all the forward looking information that is contained in first period earnings. Following the
good news of high first period earnings, the second period equilibrium price will be too low
relative to the probability of high second period earnings, so that investors will most likely
earn positive abnormal returns in the second period again. A similar argument holds if low
first period earnings are announced. Then the second period equilibrium price will be too high
relative to the probability of high second period earnings, so that investors will most likely
earn negative abnormal returnsin the second period again.

2.2 Longrunreversals

Proposition 2 shows how under- and overreaction may arise in a capital market. Which of the
two actually occurs depends on some firm-specific paramters. Proposition 2 does, however,
not explain the reversal of return patterns in the long run. Overreaction follows underreaction
if the positive correlation in earnings is followed by a negative correlation. Thereis, however,
no empirical evidence to support such correlation pattern in earnings. Bernard and Thomas
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(1990) claim that seasonally differenced quarterly earnings follow such a correlation pattern,
but Jacab, Lys and Sabino (2000) show that this is due to overdifferencing of the earnings
time-series.

This section shows how for an individual firm the short run underreaction may change
| g1y, be distributed as before
(cf. (1) and (2)). If, however, first period earnings are high, second period earnings are equal

into overreaction in the long run. For this purpose, let 41 and y.

toy+73 Ig%:yh, where~ > 0. So, high first period earnings now entail good news in two ways:
it not only increases the probability of high second period earnings, but it also increases the
second period earnings with a fixed amount v > 0.
Let 71, 7o, and 74, denote the new equilibrium prices, so that the equilibrium returns
are given by
T2h — T with probability p,
f={ . T (15)

ol —

— "1 with probability 1 — p,
1
and
h_ T with probability (1 — p)(1 — r),
o1
Yn — T

- , with probability (1 — p)r,
Py = T (16)

YFYT T with probability p(1 — g),
Ton
YU =T with probability pq.
\ T2h

Similar to Proposition 1, the market underreacts (positively correlated abnormal returns) if
E(Fa|g; = yn) > E(72|y; = yi), while the market overreacts (negatively correlated abnormal
returns) if E(7o|g; = yn) < E(72|g; = ).

The new payoff structure affects the second period equilibrium price in the following
way. If first period earnings are low, second period earnings are distributed as before. Hence,
Fop = Fo. If first period earnings are high, the earnings ~ will be taken into account by
the second period equilibrium price. In fact, due to the assumption of constant absolute risk
aversion, it holds that 7y, = 7oy, + ~. For the same reason as before, a high risk burden
induces underreaction by the capital market. The earnings v, however, induce overreaction.
To see this, observe that if first period earnings are high, then the second period equilibrium
price increases with v to 74, = 75, -+ 7, SO that the corresponding return equals
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~9 N ~9 ~
Y+ y2|gi:yh — T2n y2|zj}:yh — M2h

ﬁ'Zh ﬁ2h+7

(17)

which isdecreasingin . Since the negative effect of v on return only appliesto E (73|71 = ys)
and not to E (7 |y} = y;), overreaction arises, i.e. E(7s|g1 = yn) < E(F2|g = ).

Proposition 4 If r < #’qu, then there exists a unique critical value z* for the risk burden
such that the capital market underreactsif + > =* and overreactsif x < z*. If r > Wffqu, then

overreaction occurs for all z > 0.

The difference with Proposition 2 iseasily explained. Recall that underreaction occursif
therisk burden is sufficiently high. Furthermore, the magnitude of the underreaction increases
with the magnitude of the correlation in earnings. The higher the correlation, the more the
market will underreact. Then the retained earnings induce overreaction that dominates the
underreaction only if the latter is sufficiently low. Thisis so if the correlation in earnings is

sufficiently low, that isif » > Wffqu.

Proposition 4 explains why underreaction may occur in the short run and overreaction
in the long run. To see this, extend the model by replicating the second period to 7" periods.
The distribution of earnings §; inperiod ¢ = 2, ..., T depends on the earnings of the previous
period in a similar way as in the 2-period model. More specificaly, if period ¢ — 1 earnings
are low, then period ¢ earnings 7} are distributed as in (2). If period ¢t — 1 earnings
|5 =y, Where v > 0 and ;|5 _,, is distributed

asin (3). Then the correlation in earnings of period ¢ and ¢ + k equals p(1 — p)(q — 7)*.

|gt1_1:yl
are high, period ¢ earnings equal v + §;

Observe that the correlation decreases as the lag in earnings increases but that the correlation
remains positive. Taking the earnings surprise at ¢t = 1 as the event date, one can consider the
correlation in abnormal returns in period ¢ and the event date ¢ = 1. Following Proposition
4, if both the risk burden and the correlation in lag-one earnings is sufficiently high, abnormal
returnsin period 1 and 2 are positively correlated. Increasing the lag in earnings to k periods,
decreases the correlation. Hence, the positive correlation in abnormal returnsin period 1 and
k aso decreases. Increasing the lag in earnings even further will eventually result in such a
low level of correlation in earnings that the correlation in abnormal returns becomes negative
(cf. Proposition 4). Consequently, short term underreaction is followed by an overreaction.

2.3 Robustness of theresults

The model assumes that the supply of the risky asset is exogenous and independent of any
new information in the second period. One can endogenize the supply level by extending the
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model and obtain as such an equilibrium value for the supply level. Then post earnings an-
nouncement drift may cease to exist if the equilibrium value of supply yields a risk burden
x that coincides with the critical value x*, for in that case correlation between abnormal re-
turnswill be zero. Although one cannot exclude this possibility in the present model, one can
construct a model where the supply is endogenously determined but constant over al periods,
in which the equilibrium value of = differs from x*. For this, one needs to extend the state
space by introducing some uncertainty about the probabilities ¢ and . For instance, before
first period trade starts, let nature determine the probabilities ¢ and » from the possible states
(q1,71), (q2,72), - .., (qr, 7). Furthermore, suppose that the supply of the risky asset is deter-
mined endogenously before the state of nature is determined, but that investors learn the state
of nature beforefirst period trade starts. In thisregard one can interpret the choice of nature as
the *history’ of the risky asset between the date of issue of the risky asset and the two periods
that are explicitly considered in the model. Then zero correlation in abnormal return arises
if the equilibrium value for the risk burden = equals z*(¢;,r;) foral j = 1,2,... k. Since
x*(q,r) varieswith the probabilities ¢ and r, this condition is violated. Hence, the exogenous
supply level is not crucial for the results.

Animplicit assumption of the model isthat the risk burden does not change over the two
periods and, particularly, that it isindependent of the first period earnings. By allowing the risk
burden to vary, zero correlation in abnormal returns may arise in equilibrium. However, the
factors that determine the risk burden do not change frequently over time. Firms issue shares
to acquire capital from investors. The frequency of such an event is relatively low compared
to the production of information like quarterly earnings figures. A similar argument holds
for the number of investors. Risk sharing arguments yield that, in equilibrium, all potential
investorswill actually invest in the risky asset. Hence, new information will have no effect on
the population of investors.

Theassumption of constant absoluterisk aversionisnot vital for supporting the results of
this paper. Constant absolute risk aversion enabled me to explicitly determine the equilibrium
prices. What drives the results is that the influence of the probability distribution of the risky
asset on the equilibrium price becomes insignificant asthe risk burden increases (cf. Figure 1).
Thisisdueto theincreasing relative risk aversion of investors. For constant relativerisk averse
investors, for instance, this no longer holds true as investors' valuation for the risky sharesis
independent of the quantity they receive. Hence, an increase in the risk burden through an
increase in the supply z would have no effect on the equilibrium price.
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3 Capital market efficiency

The results of this paper also shed a new light on the implications of capital market efficiency.
Following Fama (1976), capital market efficiency requires that all publicly available informa-
tion isused in setting the equilibrium prices. More formally, let I, denote the information that
isavailableto the capital market and let 7,,, denote the information that the capital market actu-
ally usesin setting the equilibrium prices. Then a capital market is efficient if prices are set as
if 1, = 1,, that is no available information is ignored. Capital market efficiency is generally
phrased as prices fully reflect all available information in the market. There is, however, no
formal definition of what ‘fully reflect’ meansin thisrespect. The general interpretation isthat
pricesfully reflect all availableinformation I, if one cannot predict future abnormal returnson
the basis of thisavailableinformation I,. Empirical evidence claiming (in)efficiency of capital
marketsis commonly based on this predictability argument.

As this paper shows, capital market efficiency does not automatically imply that future
abnormal returns are not predictable. In a capital market, prices are used to reflect information
about future payoffs and to clear the market. Since the latter must occur in equilibrium, there
may be too few degrees of freedom left to accomplish the former. That this may give rise to
predictable future abnormal returns is not an inefficiency of the market. On the contrary, the
market creates this predictability to increase demand for the risky asset so as to meet the fixed
supply. Inthisregard it isimportant to observe that the gains resulting from predictabl e abnor-
mal returns are limited. If first period earnings are high, investors are willing to invest more in
the risky asset because of the existing positive correlation. Although the rate of return of the
risky asset does not depend on the size of the investment 2! - the rate of return is constant at
yéﬂ’% - the payoff 2 (72 — 7o) of the risky asset does depend on the demand z4: . Increasing
the demand z4i will increase the risk of the investor. Since investors are increasing relative
risk averse, the increase in risk will ultimately outweigh the abnormal return. In equilibrium,
the abnormal returns that investors earn just compensate for the additional risk that investors
have to take. Hence, post earnings announcement drift may not be driven by a delayed price
response, the explanation that currently prevails in the literature (e.g. Bernard and Thomas
(1990), Ball and Bartov (1996), and Soffer and Lys (1999)).

Since capital market efficiency is not equivalent to stating that future abnormal returns
are not predictable, one should exercise caution in interpreting the results of empirical studies
on capital market efficiency, as these studies may be based on a false assumption. This paper
showsthat evenif it ispossibleto predict future abnormal returns, this need not be anindication
of capital market inefficiency. Similarly, if it isnot possible to predict future abnormal returns,
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this need not support capital market efficiency. The latter claim is easily explained as follows.
Suppose the capital market is not efficient, that isit sets equilibrium prices on the basis of the
information set 1, C I,. Further, suppose that it is not possible to predict future abnormal
returns on the basis of the information 7,,, that the market uses. Then it is also not possible to
predict future abnormal returns on the basis of the information set 1,; By assumption, I,,, does
not predict future abnormal returns and since the unused information 1, — I,,, is uncorrelated
with equilibrium prices, it also cannot predict future abnormal returns. Hence, although future
abnormal returns cannot be predicted on the basis of al available information, the capital
market is inefficient as it ignores some of the available information in setting the equilibrium
prices. To illustrate with an (extreme) example, suppose the market sets prices at random.
Obvioudly, such a market would not be efficient. However, future abnormal returns are also
not predictable in this market.

Although efficient capital markets use all available information in setting the equilib-
rium prices, not al of thisinformation need to be ‘reflected’ in prices. Consequently, returns
or market prices may not be the appropriate instruments to empirically test capital market effi-
ciency. For this purpose, other measures are needed that capture the use of information better
than prices do.

4 Conclusions

This paper shows how post earnings announcement drift may arise in a capital market with
rational investors if the firm’s earnings in consecutive periods are positively correlated and
the supply of the firm’'s shares is fixed. The fixed supply of shares imposes a risk burden
on the population of investors as the risky payoffs of the shares have to be allocated among
the investors. If this risk burden is large, asset prices become rigid with respect to forward
looking information. Asaresult, forward looking information contained in a current earnings
announcement is not fully reflected in the equilibrium price and a *drift’ emerges. The paper
further shows how short run underreaction is followed by long run overreaction. Reason for
thisisthat underreaction requires a sufficiently high amount of correlation in earnings. Since
correlation decreases as the lag in earnings increases, overreaction will eventually arise.
Capital market under- and overreaction do not indicate capital market inefficiencies as
no available information is ignored in setting the equilibrium prices. What is important to
observe, is that capital market efficiency does not imply that future abnormal returns are not
predictable. Most empirical studies on capital market efficiency erroneously rely on the va-
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lidity of this implication. Extreme caution is therefore required in interpreting the existing
empirical evidence on capital market (in)efficiency.
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5 Appendix

PROOF OF PROPOSITION 1: There are four states of the world (1, 4.), namely (v, ),
(e, yn)s (yn, 1), @nd (yn, ya), that occur with probability (1 — p)(1 —r), (1 — p)r,p(1 — q),
and pq, respectively.

First, let me derive the first period abnormal return R, = 7, — E (7). If §! = y, then

. - Yy + oy — Yp, + Top, — 1 Yy + Ty — T
M —E(m) = - —p - -(1-p)——F-
T 1 1
+ Top — Y — T
_ . 2hA Yi 2 (18)
1
Similarly, if g = yp, then
- - Yp, + Top, — T Yp + Top — T Yy + Ty —
7 —E(f) = - —p - -(1-p)——F—
m m m
Yn + Ton — Y — Ty
= (1ot (19

Next, let me derive the second period abnormal return R, = 7 — E(73). Observe that

E(2) = (1-p)(1-1) (M) + (1 —=p)r (yh — ﬁzl) +

21 9y

Y — Top Yp — Ton
p(1—q) (*) + pq (7>
T2h, T2oh

= (1-p)r (U) + pg <w> +

21 T2h

Yy — ﬁ?l Y — 7AT2h
() oy (20e)
T2l Top,

It (51, 53) = (w0, 1) then 7, = %2724, so that

fy— E(fy) = —(1—p)r (y"ﬁ; yl) - <yhf y,) N

T2h

p<ylfﬁ”> —p(ylfﬁ%). (20)
21 Toh

If (71, 93) = (v, ys) then 7y = %7;2’, so that

i i _# _ )
7o — E(Ty) = ylA 2l+yh yl—E(rg)

» (yl A_7AT21> —p Y —7AT2h> . (21)



If (51, 33) = (yn, yi) then 7, = 42720, 50 that

ro— E(f) = —(1—p)r <@> —pq <w> -

21 T2h
(1—p) (22 4 (1 —p) (222 (22)
21 T2h
If (51, 33) = (yn, yn) then 7, = #2050 that
Fom B(R) = 2y I By
T2h T2h
= —(1-p)r <U> + (1 - pg) <u> -
T2 T2h
(1—p) (L) 4 (1 —p) (2222, (23)
21 T2h

Since E(R,) = 0 fort = 1,2 it follows that COV (Ry, Ry) = E(R,R,). Since R, is
proportional to Tt it holds that

i —_B(RRy) = —p(1—p)r <yh - yl) p(1 = p)g <yhA_ yz) _

Yn + Ton — (Y1 + ) 7T2z Top

Y — Y — Top
o T2h

( Yn — yz—ﬁ2h>

= q N

Ton T2h

( Yn — yz—fm)
o 21

= p) (E(a13 = y) — E(Rlii =w) . o

PROOF OF EXPRESSION (12): Take the first period equilibrium demands (2}, 22*) and equi-
librium prices #; and 7o asgiven. Using the substitution 22 = 21y, + 7o) + 22 + wi — 7oy 241,
the second period maximization problem equals

max rU" (251 (yn — o) + 21" (1 + Tar) + 27 + wh) +

25

(L= r)U" (21 (g0 = Fou) + 20" (g + 7o) + 27" + w}) -

Since investors are constant absol ute risk averse, the fixed income 21 (y; + 7o) + 2% + w? does
not influence the second period demand 22/, so that the first order conditions are given by

1 1
1 (yh 7 2!) 1
— - (yh — ﬂ-il)e a; Zl —

E(l _ T)(yl _ ﬂ-2l)€_a_l 21(?!1 o) =0.
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Rearranging terms yields that

: ; 1 — ) (For —
2y = — a log <( r) (s yl))

Yn — Ui r(yn — )

foreachi € N. Usingthat 3,y 24 = Z, gives

(A =r)(Fau—wy) _ e,

T(yh —ﬁQl)
where z = — &%) Hengce,
iEN T
R = yn— Yn — Y1
? "l e
B 1—r ( )
= Yn et 11 Yo — Y
B re * n 1—r
N re_’f+1—ryh re“”—i—l—ryl' =

PROOF OF PROPOSITION 2: Recall that the correlation in abnormal returnsis postive if and
only if E(72|gi = yn) > E(f2|yi = y). Rearranging terms yields that this inequality is
equivalent to

—T

ryn+ L=y Ay st e U

S = e~ T — * (24)
g+ (L= Qu — Ton oy, + 5y,
Next, define the parametric function
qge © re
pu— pu— 2
f(SC) (fq(fé'),fr(l')) <qe—$—|—1—q’7“€_’5—|—1—7“> ’ ( 5)
for x > 0 and define
ryn + (1 =1y
h(q,r) = , 26
(@) qyn + (1 = q)y, (20)

for ¢, € (0,1) and ¢ > r. Observe that expression (24) is equivalent to the inequality
h(g,r) < h(f,(x), f-(x)). So, correlation is positive if the point (f,(x), f,(x)) belongs to the
hyperplane {(¢', ")|h(¢', ") > h(q,r)} and correlation is negative if the point ( f,(z), f,(z))
belongs to the hyperplane {(¢', 7")|h(¢', ") < h(q,r)} (see Figure 2(a)).

The parametric function f(z) = (f,(), f,(x)) yields a curve in R? that starts in the
point (f,(0), f.(0)) = (¢, ) and endsinthepoint lim,_,~( f,(), f-(x)) = (0, 0). Observethat
both f,(x) and f,.(z) are continuous and decreasing in = and that the graph of (f,(z), f,(z))
is convex (see Lemma 5 in the Appendix). Convexity implies that the parametric function
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J(x) Jix) Jix)

1 1 1
{(q" (g > h(g.r)} {(q' (g5 > h(g.r)} g )Ih(gs7") > h(g.r)}
(q.r) (q.r)
f(x) (Qa’”) x* f(x)
0 7 A e /)
{(q")Ih(q'r") < h(g.r)}

(@ (b) (©)
Figure 2: The influence of the risk burden = on the correlation between abnormal returns.

(fq(x), fr(x)) intersects the isoquant {(¢’,")|h(q’,r") > h(g,r)} a most once. Figure 2(b)
illustrates the situation that no such intersection exists. Since 4(0,0) = 1 > h(g,r), it follows
that h(f,(z), f-(x)) > h(g,r) for all z > z* = 0. Figure 2(c) illustrates the situation that
precisely one intersection exists. In that case, let * be such that i (f,(x*), f.(z*)) = h(g, 7).
Since h(0,0) = 1 > h(q,r), positive correlation in abnormal return arisesif h(f,(x), f-(z)) >
h(q,r), i.e. if z > z*, and negative correlation arises if h(f,(z), f,(z)) < h(g,r), i.e. if
T <x".
To determine the value of =*, recall that «* satisfies h(f,(z*), f,(«*)) = h(gq,7), i.e.

ryn+ (A =)y frle)yn + (1= fo(=7))ui
qun+ (L =@y fole)yn + (1= foz*))ui
Observethat * = 0 satisfiesthis equality as (f,(0), f-(0)) = (¢, ). Rearranging termsyields
that

g—r  __ yutayn—u)
folaw®) = @)yt fol@*) (yn — y1)°
Substituting
e " (qg—r)

fol@") = r(@") = (g7 +1—¢q)(re=® +1~—r)
and rearranging terms gives

r (e’x* — 1) (qe’“"*yh +(1- q)yl) =(1-q)y (e’x* — 1) .
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Thisequation issatisfiedif e = —1 = 0 orif r (ge ="y, + (1 — ¢)u) = (1—g)y. Theformer
condition yields z* = 0. The latter oneyields rge "y, = (1 — ¢)(1 — )y, so that

x* =log g T Y
1—ql—ry )’

Observe that * may be negative. Since the risk burden is nonnegative by definition, a lower
bound of zero isimposed on x*. O

Lemmab Letg : [0, ¢] — [0, ] bethefunction described by the parametric function (f,(x), f-(x)),
x > 0. Then g isaconvex function.

PrRoOOF: Thefunction g satisfies g( f,(x)) = f,(x). Differentiating both sidesto = yields

, _df&;x) (1) <qe"3 +1- q>2

7= _dfgl;f) gl —q) \rer+1—7
so that

S - r(l=r) d (qe®+1—¢q\" (dfy(2)\

q(1 —q)dx \re*+1—r dx '

Since

dfy(z) _ (1 —q) <0

dx (ge=* +1 —q)

and

d (ge"+1—q 2
de \re z+1—r

5 (qe“" +1-— q> (—qex (re®+1—r)+re®(ge®+1— q)>

re=® +1—r (ree+1—1)°
-~ ge *+1—gq
= —2¢ %(qg—r <0
(4 )(re_‘” +1 - 7")3
it followsthat ¢” > 0. O

PROOF OF PROPOSITION 4: Similar as in the proof of Proposition 2, abnormal returns are
positively correlated if and only if A(f,(x), f.(z)) > h(qg,r), except that h is now defined as
ryn + (1 =7y

ha.r) = Y+aqun+ (1 =y’ c
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J{x)
1

(g lh(q" ) > hg.r)}

(g.r)

1x)

Jix)

Figure 3: Negative correlation for all x > 0.

The parametric function (f,(z), f,(z)) has the same characteristics: it startsin (¢, ), endsin
(0,0), isdecreasing in both dimensions, and its graph is convex. Hence, it intersects at most
oncewiththeisoquant {(¢',7")|h(¢', ') = h(g,r)}. However, 1(0,0) = 4~ < 1. Thismeans
that besides the cases (b) and (c) illustrated in Figure 2, which occur if h(q,r) < h(0,0), a
third case arisesif h(q,r) > h(0,0) (see Figure 3). In that case, since h(q,r) > h(0,0) and
the convexity of the graph of (f,(z), f,(x)), it follows that h(f,(x), f.(z)) < h(g,r) for dl
x > 0. So, there is negative correlation in abnormal returns whatever the value of the risk

burden x. Finally, observethat h(q,r) > h(0,0) isequivalent tor > 0

i
Yy q:
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