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Abstract

Information content of stock prices is analysed without imposing
strong restrictions on traders’ preferences and the distribution of divi-
dends. Noise in the information contained in equilibrium prices arises
from endogenous asset supply, which offsets price movements due to in-
formed trading. Informativeness of stock prices is increasing in the wealth
of the informed traders and decreasing in the risk-free rate as stock prices
respond more strongly to information held by informed traders when they
take larger positions in stocks.
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1 Introduction

Stock prices do not adjust instantaneously to new information about fun-
damentals. In a survey of the literature on the reaction of stock prices to
earnings announcements, Ball (1978) reports consistent evidence of post-
earnings-announcement drift, i.e. price under-reaction. Similarly, Fama (1998)
concludes that post-earnings-announcement drift is ‘above suspicion’ as it ‘has
survived robustness checks, including extension to more recent data’.

The theoretical literature on how information gets incorporated into stock
prices builds on the contributions of Grossman and Stiglitz (1976) and Kyle
(1985). Grossman and Stiglitz (1976) study a competitive stock market in
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which some traders possess superior information about the stock’s fundamen-
tal value. Kyle (1985), in turn, analyses the speed at which information is
incorporated into prices when an informed trader internalises the price impact
of their trading. In both frameworks, to escape from the domain of no trade
theorems (see, e.g., Aumann, 1976) and induce less informed traders to trade,
the existence of noise traders is postulated. Due to noise traders, less informed
investors face a less severe adverse selection problem as prices not only reflect
informed trading. Given that noise traders’ motives for trading are not explic-
itly modelled, these models are not ideal for analysing the determinants of the
information content of stock prices. Moreover, both Grossman and Stiglitz
(1976) and Kyle (1985) impose strong restrictions on traders’ preferences and
dividend processes.

The present study proposes a theoretical framework in which the infor-
mativeness of stock prices can be studied for a wide class of preferences and
dividend processes. Moreover, the framework does not feature noise traders,
yet less informed traders are willing to trade as not all equilibrium prices fully
reveal the information held by the more informed traders. The model is used
to study how market conditions affect the informativeness of stock prices.

In the model, risk-averse traders invest their wealth into a risk-free and
a risky asset. The risk-free asset is in infinitely elastic supply whereas the
risky asset is supplied endogenously by a representative firm. There are two
types, informed and uninformed, of traders. Informed traders receive a signal
correlated with the payoff of the risky asset before submitting their demand
schedules for the two assets. Consequently, equilibrium prices potentially trans-
mit information from the informed to the uninformed traders. However, even
though there is no noise trading, not all equilibrium prices fully reveal the signal
of the informed traders. This is due to supply of the risky asset responding to
equilibrium prices, thereby offsetting price movements due to informed trad-
ing. In other words, the endogeneity of the supply of the risky asset introduces
noise to the information revealed by equilibrium prices.

As regards how market conditions affect the informativeness of the stock
price, two findings emerge. First, when the informed traders’ preferences are
characterised by decreasing absolute risk aversion, the informativeness of the
stock price is increasing in the wealth of the informed traders. Decreasing
absolute risk aversion ensures that informed traders’ demand for the risky
asset is increasing in their wealth. Consequently, aggregate demand for the
risk asset varies more with the informed traders’ signal when their wealth rises.
Therefore, the probability that the stock price reveals the signal of the informed
traders increases. Second, when the supply of the risky asset is strictly positive,



the informativeness of stock prices is decreasing in the risk-free rate. Traders
take larger positions in the risky asset when the risk-free rate falls. For this
reason, the informativeness of the stock price is falling in the risk-free rate.

Confronting the predictions of the model with data provides suggestive
evidence for the theoretical results. Employing US data, the dependence of
serial correlation in stock returns is studied. Serial correlation in stock returns
can be expected to increase when information is incorporated into stock prices
more gradually, i.e. when stock prices are less informative. It is found that serial
correlation in returns is increasing in the risk-free rate and in funding illiquidity,
measured by the Treasury bill rate and the spread between commercial paper
and Treasury bill rates, respectively. As funding liquidity determines investors’
ability to take positions in different assets, its effect can be expected to be
similar to investors’ wealth in the theoretical model.

This paper is related to the literature on information transmission via asset
prices under asymmetric information. Grossman and Stiglitz (1980) identify
four determinants of the information content of equilibrium prices. Namely, in
their model, the informativeness of stock prices is decreasing in traders’ abso-
lute risk aversion and the intensity of noise trading while it is increasing in the
intensity of informed trading and the precision of informed traders’ informa-
tion. Interestingly, lower absolute risk aversion leads to more informative stock
prices as traders take larger positions in the risky asset. Also in my model, the
informativeness of stock prices depends crucially on the size of traders’ posi-
tions. In the framework of Kyle (1985), on the other hand, stock prices are
more informative when informed traders receive more precision information.
There are two main differences between my model and those of Grossman
and Stiglitz (1980) and Kyle (1985). While traders in Grossman and Stiglitz
(1980) have exponential utility functions and in Kyle (1985) are risk-neutral,
| only place weak restrictions on traders’ preferences. Second, my framework
does not feature noise traders but partially-revealing equilibrium prices arise
from endogenous supply of the risky asset.

Among studies building on the analysis of Grossman and Stiglitz (1980),
a few are closely related to this paper. Ausubel (1990) shows the existence
of partially-revealing rational expectations equilibrium without imposing strong
restrictions on preferences and payoff distributions. However, Ausubel (1990)
is concerned with the existence of equilibrium and does not study the determi-
nants of stock price informativeness. Wang (1994), in turn, models noise in
equilibrium prices as arising from private investment opportunities. Similarly,
Dow and Rahi (2003) study informed trading in the presence of a feedback
effect on investment without noise traders. However, both Wang (1994) and



Dow and Rahi (2003) conduct their analysis in an environment with exponen-
tial utility functions and normally distributed payoffs.

The contribution of this paper is twofold. First, a framework for analysing
the information content of stock prices which does not impose strong re-
strictions on preferences or payoff distributions is developed. In the model,
endogenous supply of assets introduces noise into the information revealed by
equilibrium prices, obviating the need for noise traders. Second, the model is
used to study determinants of stock price informativeness which by design do
not play a role in previous studies.

2 Model

There are two dates, 0 and 1. At date 1, there are S possible states of the
world, indexed by s € {1, ..., S}. There is a single consumption good. The
economy is populated by two groups of agents, called informed (/) and unin-
formed traders (U). The two groups differ in terms of their information about
the state of the world and their endowments. The measure of uninformed
agents is normalised to 1 whereas the measure of informed traders is .

Traders maximise expected utility over date-1 consumption. All traders
share the same utility function u(-), which is strictly increasing, strictly concave
and has a coefficient of relative risk aversion less or equal than unity. Initially,
the two groups of traders hold a common prior probability distribution over
the states of nature, attaching probability ms to state s obtaining at date 1.
Informed traders receive additional information about the state in the form
of a signal z € R with the conditional density (or probability mass) function
f(z|s). The family of densities {f(-|s)} has the strict monotone likelihood
ratio property.!

Two assets are traded in the economy. There is a risk-free asset with gross
return R, the price of which is normalised to 1. The risk-free asset is in infinitely
elastic supply. The other asset is risky, yielding a payoff of 85 > 0 units of
the consumption good in state s. The risky asset is supplied endogenously.
Namely, there is a representative firm in the economy, holding 1 unit of the
consumption good at date 0. The firm can invest in a risky technology with the
state-contingent payoff 6s and a risk-free technology yielding R. Specifically,
the firm chooses w € [0, 1] yielding an output at date-1 of (1 — w)R + wbs.
Hence, the supply of risky assets in the economy is given by w. The firm's
objective is to maximise the market value of its output. The two assets are
traded in a competitive market.

That is, for every 2’ > z and s’ > s, (2 |s")f(z]|s) > f(Z'|s)f(z]|s).



At date 0, each informed trader is endowed with w units of the consumption
good. Each uninformed trader, on the other hand, is endowed with 1 share of
the representative firm. However, these shares as such are not publicly traded.

Traders’ information about the state of the world is complemented by
market prices. Namely, traders' information sets include the price of the risky
asset p, which can potentially provide further information about the state s.
On the other hand, the investment choice w is not known to the traders when
they submit their demands for the two assets. To summarise, the information
sets of the informed and uninformed traders are Z' = {p, z} and ZV = {p},
respectively.

2.1 Discussion of assumptions

A coefficient of relative risk aversion less than unity ensures that informed
traders’ demand for the risky asset is increasing in the signal z and that un-
informed traders’ demand is decreasing in the price p. As uninformed traders
own the representative firm, their wealth is increasing in p. When the coef-
ficient of relative risk aversion is less than unity, the wealth effect of higher
p is moderate enough such that uninformed traders’ demand curves for the
risky asset are downward-sloping. The monotonicity of informed traders’ de-
mand in the signal, on the other hand, ensures the tractability of learning from
equilibrium prices.

The monotone likelihood ratio property of the signal densities implies that
the informed traders’ expectation of the payoff of the risky asset is increasing
in the signal. This allows the uninformed traders to infer the realization of the
signal whenever the equilibrium price reveals the informed traders’ expectation
of the payoff.

The representative firm chooses its investment in the two technologies,
determining the supply of the risky asset, when observing the price of the risky
asset. For this reason the supply of the risky asset depends on its price. If one
would like to obviate the need for equity issuance to respond contemporane-
ously to the stock price, one could replace the representative firm with a set
of risk-neutral investors following a portfolio rebalancing strategy. Endowing
these investors with risky assets and prohibiting them from short selling would
deliver an asset supply identical to that solving the optimisation problem of
the representative firm. Under this alternative assumption, the analogue of
traders not knowing the investment choice of the representative firm would be
the unobservability of the risk-neutral traders’ holdings of the risky asset.

The endogenous supply of the risky asset serves two purposes. Firstly, the
endogeneity introduces a feedback from stock prices to aggregate investment,



an empirically supported mechanism.? Secondly, the varying supply ensures
that the price of the risky asset does not necessarily reveal the signal of the in-
formed traders. That is, the stock price can be partially-revealing even though
the environment features no exogenous noise trading.

To preserve the partially-revealing nature of the stock price, the investment
choice of the representative firm is not observed by the traders when asset
trading takes place. The informed traders, however, can infer the investment
choice from the equilibrium price. This shows that the informed traders have
superior information not only about the payoff the risky asset, but also about
the choices of the firm issuing the asset. If the shares of the representative
firm were held by the informed traders, w could be observed directly by the
owners of the firm. Nevertheless, the assumption that the uninformed firms
own the representative firm is maintained as it allows to study the effect
of changes in the wealth of the informed traders in a more straightforward
manner. It is also worth pointing out the the unobservability of the investment
choice of the representative firm is equivalent to the unobservability of the
aggregate supply of risky assets. If one were to introduce additional groups of
traders, such as risk-neutral investors following a portfolio rebalancing strategy
as outlined above, the assumption that the uninformed traders do not observe
the aggregate supply of risky assets would be natural.

The non-tradability of the shares of the representative firm can be justified
by viewing the firm as the aggregate productive sector of the economy. At
date 0, the number of risky investment projects undertaken in the economy
is determined by the stock price, reflecting the agents’ willingness to bear
risk. The firms investing in the risky technology issue equity whereas the firms
investing in the risk-free technology issue debt. For this reason, the firms’
investment in the risky technology determines the supply of the risky asset.

3 Equilibrium

Let me first describe the problems faced by the two groups of traders and the
representative firm. In what follows, the stochastic payoff of the risky asset
will be denoted with 8. An informed trader’s demand for the risky asset x’
solves

max E[u(Rw + (6 —pR)X) |z, p=P(2)], (1)

2Chen, Goldstein, and Jiang (2007) find that informative stock price movements affect
corporate investment. Polk and Sapienza (2009), on the other hand, discover that also
random movements in stock prices influence firms' investment decisions.



where date-1 consumption Rw + (é—pﬁ’)xl follows from their binding budget
constraint. Similarly, an uninformed trader chooses their demand for the risky
asset xY by solving

maxE[u(Rlwp + (1 - w)] + (6 — pR)x) | p = P(2)] (2)
The representative firm's investment, in turn, solves
mﬁx[wp + (1 —w)] (3)

when observing the price of the risky asset p.

Rational expectations equilibrium requires the optimality of traders’ choices
when they form expectations about the payoff of the risky asset conditional
on the information contained in the equilibrium price.

Definition 1. A rational expectations equilibrium is a pair of demand schedules
{x'(p,2),xY(p)}, an investment schedule w(p) and a price functional P(z)
such that

1. x'(p, z) and xY(p) solve the informed and uninformed trader’s problem
in (1) and (2), respectively;

2. w(p) solves the representative firm's problem in (3);

3. the market for the risky asset clears
2! (p, z) + xY(p) = w(p). (4)

Note that the definition imposes the plausible restriction that the equilib-
rium price cannot contain information about the state of the world beyond the
signal received by the informed traders. This implies that the equilibrium price
does not provide additional information about the state of the world to the
informed traders. For this reason, hereafter, the equilibrium price is omitted
from the informed traders’ information set.

The following lemmas characterise the information content of equilibrium
prices. First, it is shown that the informed traders’ demand for the risky asset
is increasing in the signal z. Therefore, knowledge of the quantity demanded
by the informed traders allows the uninformed traders to infer the realisation
of the signal. Second, the extent to which the equilibrium price reveals the
signal received by the informed traders is characterised.

Lemma 1. Informed traders’ demand for the risky asset is strictly increasing
in the signal z.



Proof. Given that the family of signal densities has the monotone likelihood
ratio property, F(s|z) first-order stochastically dominates F(s|z’) for all z >
z'. Consequently, by Theorem 2 in Fishburn and Porter (1976), the informed
traders’ demand is increasing in the signal z given that their coefficient of
relative risk aversion is less than 1. For completeness, a proof adapted to the
present setting is provided.

First note that the informed trader’s objective is concave in their invest-
ment in the risky asset x as

2

%E[u(?w—l—(é—pﬁ’)x) | z] = E[u"(Rw+(6—pR)x)(6—pR)?|z] <0, (5)

by the strict concavity of u(-). Hence, optimal choice satisfies
E[v'(Rw + (6 — pR)x)(6 — pR)| z] = 0. (6)
Due to the strict concavity of the objective, if

E[v/(Rw+ (6 — pR)x)(8 — pR) | Z'] < E[u'(Rw + (8 — pR)x)(6 — pR) | z] = 0,
()
then x/(p, z) > x!(p, 2').
To show that the inequality in (7) holds for z > Z/, it is sufficient to prove
that (6, x) := u'(Rw + (8 — pR)x)(8 — pR) is increasing in 6. Differentiating
g with respect to 6 yields

9g(9, 1D A >, "D A > A )
9(89 X) _ (Rw+ (6 — pR)X) + 0" (Rw + (6 — pRI)(B — pR)x  (8)
Rearranging, one obtains
99(0, x)
50 >0 (9)
& R(c) <1+ A(c)Rw, (10)

where ¢ = Rw + (6 — pR)x, A denotes traders’ coefficient of absolute risk
aversion and R their coefficient of relative risk aversion. Clearly, for R(c) < 1,
(10) holds. Given that F(s|z) first-order stochastically dominates F(s |z") for
all z > Z', the fact that g is increasing in 6 implies that (7) holds. Conse-
quently, the informed traders’ demand is strictly increasing in z. O

Lemma 1 implies that knowledge of the informed traders’ demand allows
the uninformed traders to infer the realisation of the signal. Making use of this
invertibility the information content of equilibrium prices can be characterised
as follows.



Lemma 2. Equilibrium prices can be partitioned into a set of prices which fully
reveal the signal of the informed traders and a set of partially-revealing prices.

Proof. Consider first the problem of the representative firm. To maximise the
market value of its output, its investment policy satisfies

0 ifp<l1
wp)=qwel01] ifp=1 (11)
1 if p>1.

Consequently, when either p < 1 or p > 1, the uninformed traders have
no uncertainty about the supply of risky assets and can infer the demand of
the informed traders from the market clearing condition (4). In this case,
given that informed traders’ demand is strictly increasing in the signal, the
equilibrium price reveals the signal realisation. On the other hand, when p = 1,
the supply of risky assets can vary between 0 and 1. Thus, if there exists at
least two distinct signals z and z’ such that Ax/(1,z) + xY(1) € [0, 1] and
M!(1,2) + xY(1) € [0,1], the price p = 1 does not fully reveal the signal
of the informed traders. The information provided by the price in this case is
given by {z | Xx/(1, z) + xY(1) € [0, 1]}. l

Intuitively, the equilibrium price does not necessarily reveal the demand
of the informed traders as the supply of shares responds to the equilibrium
price, offsetting price movements due to informed trading. Note however that,
depending on the model primitives, either one of the two sets of equilibrium
prices identified by Lemma 2 can be empty. That is, all equilibrium prices can
either fully reveal the demand of the informed traders or be partially-revealing.3

Having characterised the information content of equilibrium prices, let me
turn to constructing the equilibrium price functional. Consider first the demand
schedule of the informed traders. Given that the equilibrium price provides no
additional information to the informed traders, the shape of their demand
schedule is simply determined by the relative strengths of substitution and
income effects.

Lemma 3. Informed traders’ demand for the risky asset x' is strictly decreasing
in its relative price p.

3In the latter case, the equilibrium price is always 1 and conveys no additional information
about z to the uninformed traders.



Proof. Implicitly differentiating the first-order condition (6) yields

— RE[V/(Rw + (8 — pR)x) | Z]
+ R(w — x)E[u" (Rw + (8 — pR)x)(8 — pR) | 2] (12)

+E[u"(Rw + (6 — pR)x)(6 — pR)? |Z]g; =0.

The first two terms can be combined to
—RE[V(Rw + (6 — pR)x)(1 — R(Rw + (6 — pR)x)
+ A(Rw + (6 — pR)X)Rw)].

Note that (13) is strictly negative when R(:) < 1. Thus, 0x/9p < 0 if the
coefficient of relative risk aversion is less or equal than one. ]

Determining the shape of uninformed traders’ demand schedule requires
taking into consideration the information content of equilibrium prices and
the wealth effect associated with changes in the price of the risky asset. For
fully-revealing equilibrium prices, the following obtains.

Lemma 4. Uninformed traders’ demand for the risky asset xV is strictly de-
creasing in its relative price p for all p # 1.

Proof. By Lemma 2 all equilibrium prices p # 1 reveal the signal received by the
informed traders. Thus, for these prices, the information sets of the informed
and the uninformed traders coincide. Then, differentiating the uninformed
traders’ first-order condition with respect to p yields

— RE[V/(RwY + (6 — pR)x) | 2]
+ R(w — x)E[u" (RwY + (8 — pR)x)(0 — pR) | 2] (14)
+ E[u"(RwY + (8 — pR)x)(8 — pR)?| z]g); =0,

u

where w” = wp + (1 — w). The first two terms can be combined to

—RE[V(RwWY + (6 — pR)x)(1 — R(RwY + (8 — pR)x)
+ A(RWY 4 (6 — pR)x)(wh + (1 — w)R))].

(15)
Consider the term wf + (1 — w)R. Note that for it to be equal to 0 it must
be the case that w = 1 and § = 0 as fs > 0 for all s. However, in this case
an uninformed trader’s problem would only have a solution if p = 0, implying
that w = 0. Therefore, the expectation of the term involving w8 + (1 — w)R)
is strictly positive. Consequently, (15) is strictly negative when R(:) < 1.
Thus, 0x/0p < 0 if the coefficient of relative risk aversion is less or equal than
one. ]
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Intuitively, given that traders’ coefficient of relative risk aversion is less
than 1, the wealth effect of a higher p is moderate enough to ensure that
uninformed traders’ demand for the risky asset is decreasing in p. Taken
together, Lemmas 3 and 4 characterise the aggregate demand for the risky
asset for all p # 1. However, due to p = 1 being partially-revealing, the
aggregate demand can exhibit a discontinuity at p = 1. Nevertheless, the
existence of equilibrium can be proven.

Proposition 1. Rational expectations equilibrium exists.

Proof. Denote the aggregate demand for the risky asset when all traders know
the realisation signal with x*(p, z). Clearly, for p # 1, x*(p, z) = Mx'(p, 2) +
Y(p). Note from traders' first-order conditions that x*(0) > 0 as s > 0
for all s. Similarly, for p sufficiently high and above unity, x*(p,z) < 0 as
6s — pR < 0 for all s. Moreover, by Lemmas 3 and 4, XA(p, z) is continuously
decreasing in p. Consequently, if x*(1,z) > 1, there exists p > 1 such
that xA(p,z) = 1. Similarly, if xA(1,z) < 0, there exists p < 1 such that
xA(p,z) = 0.

Consider any realisation of the signal z. Note that when the equilibrium
price reveals the signal realisation, aggregate demand for the risky asset is
given by x*(p, z). To find an equilibrium price for the signal realisation z,
consider xA(1, z). If xA(1,z) > 1, there exists an equilibrium price p > 1 for
the signal realisation z by the argument above. Similarly, if x*(1, z) < 0, there
exists an equilibrium price p < 1.

What remains is to consider signal realisations for which x*(1, z) € [0, 1].
Consider an equilibrium in which p # 1 whenever xA(1, z) ¢ [0,1]. Then, p =
1 reveals that xA(1, z) € [0, 1]. Let me show that this implies that Ax/(1, z) +
xY(1) € [0,1]. Suppose otherwise. There are two cases to consider. First,
suppose that xY(1) > 1 — Ax/(1,z) =: h(z). Then,

X

E[v'(RwY + (8 — pR)h(2))(6 — pR) | p = 1] (16)
=E[v'(RwY + (8 — pR)h(2))(d — pR) |z € 2Y] > 0,

where Z2Y = {z|xA(1,z) € [0,1]} and wY = wp + (1 — w). However, note
that
E[v/(RwY + (8 — pR)h(2))(8 — pR) | 2] < 0 (17)

for all z € ZY. Then, by the law of iterated expectations
E[v'(RwY + (8 — pR)h(2))(d — pR) |z € 2Y] < 0, (18)

constituting a contradiction. The second case of xY(1) < —Xx/(1,z) can be
shown to lead to a contradiction following the same steps. Hence, if xA(1, z) €
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[0,1], then Ax/(1, z) + xY(1) € [0,1]. Therefore, there exists an equilibrium
in which p = 1 whenever xA(1, z) € [0, 1]. O

Proposition 1 provides a straightforward way to construct an equilibrium
price functional. Namely, for each signal realisation z, one evaluates the ag-
gregate demand for the risky asset when all traders know the realisation of
the signal xA(p,z) at p = 1. If xA(1,z) € [0,1], p = 1 constitutes an
equilibrium price for z. Otherwise, the equilibrium price can be solved for
from xA(p,z) = w(p). Notably, one does not need to solve explicitly for
the equilibrium belief of the uninformed traders when the equilibrium price is
partially-revealing.

What remains is to define a measure of the informativeness of equilibrium
prices. Given that p = 1 reveals that the signal is not in the set for which a
fully-revealing price obtains, a natural measure of informativeness is the prob-
ability of observing a fully-revealing price. Note that this measure takes into
consideration that when a perfectly-revealing price obtains for fewer signals,
the partially-revealing price is a more imprecise signal about the return of the
risky asset.

Definition 2. The informativeness of the stock price is P(P(z) # 1).

4 Informativeness of the stock price

In this section, | address the question of how the informativeness of the stock
price varies with the parameters of the model. Given that a fully-revealing
equilibrium price requires aggregate demand for the risky asset to be either
sufficiently low or sufficiently high, the information content of the stock price
depends crucially on the traders’ positions in the risky asset. For this reason,
| will first study what determines the sign of traders’ positions in the risky
asset and how traders’ demands responds to changes in the parameters of the
model. The results are summarised in the following lemmas. Even though the
proofs are standard (see, e.g., LeRoy and Werner, 2001), they are given for
completeness.

Lemma 5. For J € {I, U}, x? > 0 when E[§|Z7] — pR > 0, x’ < 0 when
E[6|Z7] — pR < 0 and x? = 0 when E[6|Z”] — pR = 0.

Proof. The objective of a trader of either type is concave in their investment
in the risky asset as by the strict concavity of u(+)

:;E[U(R’WJ +(6—pR)x)|T7] = E[v" (Rw? + (6 — pR)x)(6 — pR)? | T7] < 0,
(19)
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where J € {I,U}, w/ = w and wY = wp + (1 — w). A trader’s first-order
condition evaluated at x =0 is

E[v'(Rw”)(8 — pR) |T7] = u'(Rw’)(E[4, | T7] - pR). (20)

The equality follows from the fact that conditional on the equilibrium price,
w is nonstochastic also for an uninformed trader (equal to 1 for p < 1andp
for p > 1). Given that u(-) > 0 and the objective is strictly concave, the sign
of E[6|Z7] — pR determines whether x? < 0, x/ = 0 or x? > 0 as stated in
the lemma. ]

Lemma 6. For u exhibiting decreasing absolute risk aversion, Ox' Jow > 0
when E[0| z] — pR > 0, dx' /dw < 0 when E[f| z] — pR < 0 and 8x' /ow = 0
when E[f | z] — pR = 0.

Proof. Differentiating the informed traders’ first-order condition with respect
to w gives

RE[U"(Rw + (8 — pR)x)(6 — pR) | Z]
. - _ ~ =\ 5 Ox (21)
+E["(Rw + (6 — pRIX)(O = pR)? | 2] 5 = 0

Given that the term multiplying Ox/0w is strictly negative, the sign of the
derivative is determined by the first term in (21). Note that

u"(Rw + (8 — pR)X)(6s = pR) _

W (Rw + (65 — pR)X) A(Rw + (6s — pR)x)(6s — pR). (22)

As A is decreasing, one obtains for x > 0 and all s
A(Rw + (65 — pR)x)(6s — pR) < A(Rw)(6s — pR), (23)
with the inequality strict for at least one s. This implies that

—u"(Rw + (6s — pR)x)(6s — pR) > —A(Rw)(6s — pR)U'(Rw + (65 — pR)x),
(24)
where the expected value of the right-hand side is 0 by (6). Thus,

RE[W"(Rw 4 (8 — pR)X)(6 — pR) | z] > 0, (25)

proving that dx/0w > 0. For x < 0, the inequality (23) is reversed, yielding
Ox/0w < 0. Similarly, for x = 0, (23) becomes an equality, allowing one to
conclude that dx/0w = 0. By Lemma (5), x < 0, x = 0 and x > 0 when
E[6]|z] — pR <0, E[f]|z] — pR =0 and E[6|z] — pR > 0, respectively. [
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When the informed traders’ utility function exhibits decreasing risk aversion
they take a larger position, of either sign, in the risky asset when their wealth
increases. The reason for this is that decreasing risk aversion renders the risky
asset a normal good. Note that if traders’ coefficient of relative risk aversion
Is constant or decreasing, then u exhibits decreasing absolute risk aversion.
Hence, u can simultaneously exhibit decreasing absolute risk aversion and have
a coefficient of relative risk aversion less or equal than unity, the assumption
maintained throughout.

Lemma 7. For J € {I, U}, 0x’/OR < 0.
Proof. Differentiating a trader’s first-order condition with respect to R yields
— PE[u'(Rw” + (8 — pR)x) | T7] — (W’ — px)E[u"(Rw’ + (6 — pR)x)(6 — pR) | 7]

+E["(Rw? + (8 — pR)x)(6 — pR)? |IJ]§E =0.

(26)
As the term multiplying 8x/8R is negative, the sign of the derivative is deter-
mined by the first two terms. Rearranging these two terms gives

— pE[u”(c?)[1 — R(c?) + A(CJ)GNM;J] |177] <0, (27)

where ¢/ = Rw” + (6 — pR)x and the inequality follows from the fact that
R(:) < 1. Thus, 8x7/0R < 0. O

Given that traders’ preferences are characterised by a coefficient of relative
risk aversion less or equal than unity, the income effect of a change in the risk-
free rate is moderate. This ensures that traders’' positions in the risky asset
decrease with the risk-free rate.

To derive implications of shifts in traders’ demands for the informativeness
of the stock price, a stance has to be taken on how to deal with potential
multiplicity of equilibria. Consider the equilibrium price for the signal z before
and after varying a parameter of the model. If either before or after the change
the equilibrium price for z is not unique but the equilibrium prices for z across
the two economies are informationally equivalent, the equilibria will be said to
belong to the same class.

Definition 3. The equilibria of the economies £ and &' belong to the same
class if for all z for which the equilibrium price is not unique in either €& or &',
either P(z) =P'(z) =1 or P(z) # 1 and P'(z) # 1, where P and P’ denote
the equilibrium price functionals in the economies £ and &', respectively.
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It should be pointed out considering equilibria belonging to the same class
allows for considerable flexibility in resolving potential equilibrium multiplicity.
For instance, always choosing the most informative equilibrium, i.e. the equi-
librium in which an perfectly-revealing price obtains for the largest measure of
signals, ensures that equilibria across models belong to the same class.* Simi-
larly, always choosing the least informative equilibrium delivers equilibria in the
same class. Equipped with Lemmas 6 and 7, | can turn to the informativeness
of the stock price. Let me begin by investigating the effect of an increase in
the wealth of the informed traders.

Proposition 2. /f traders’ preferences are characterised by decreasing absolute
risk aversion, the informativeness of the stock price is increasing in the wealth
of the informed traders across equilibria belonging to the same class.

Proof. Given that p < 1 fully reveals z, E[6|z] = E[f]p]. Since w(p) = 0
for p < 1, market-clearing and Lemma 5 imply that E[#|z] = pR. Hence,
each trader takes a 0 position in the risky asset. Moreover, by Lemma 6,
Ox'/ow = 0 in this case. Hence, an increase in w leaves all equilibrium
prices p < 1 unaffected. Similarly, for p > 1, E[8| z] = E[f| p] > pR, where
the inequality follows from market clearing and Lemma 5. Thus, in this case,
dx'/dw > 0 by Lemma 6. Hence, an increase in w leads to a higher equilibrium
prices but leaves the informativeness of the price unaffected. Therefore, no
fully-revealing equilibrium price becomes partially-revealing upon an increase in
the wealth of the informed traders. Thus, the set of signals for which a fully-
revealing price obtains increases in measure, at least weakly, on an increase in
w. ]

When informed traders are endowed with a larger endowment, they take
larger positions, of either sign, in the risky asset. This implies that the ag-
gregate demand for the risky asset is more likely to fall outside the range of
partially-revealing equilibrium prices. Consequently, the stock price becomes
more informative. Note that the effect of informed traders’ wealth, albeit in-
tuitive, requires an additional restriction on traders’ preferences. However, if
the two groups of traders differed in their preferences, only informed traders’
preferences would need to exhibit decreasing absolute risk aversion for Propo-
sition 2 to obtain.

Let me next investigate a change in the risk-free rate R. By Lemma 7,
a decrease in the risk-free rate leads to an increase in the informed traders’
demand for the risky asset. Consequently, the following obtains.

*The algorithm used to prove the existence of equilibrium (Proposition 1) yields the most
informative equilibrium.
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Proposition 3. If the supply of the risky asset is always strictly positive, the
informativeness of the stock price is decreasing in the risk-free rate across
equilibria belonging to the same class.

Proof. Given that the supply of the risky asset is always strictly positive, all
fully-revealing prices satisfy p > 1. From Lemma 7, the aggregate demand for
the risky asset is decreasing in the risk-free rate. Thus, for z such that p > 1,
an increase in R leads to a lower equilibrium price. If the equilibrium price falls
to 1, the signal z no longer supports a fully-revealing price. Thus, an increase
in the risk-free rate lowers, at least weakly, the probability of P(p # 1). ]

Note that the condition that the supply of the risky asset is always strictly
positive is relatively weak. It merely requires the expected excess return of the
risky asset to be such that traders on aggregate have a long position in equity.
The decrease in the informativeness of the stock price on an increase in the
risk-free rate derives from the fall in the aggregate demand for the risky asset,
lowering the probability of fully-revealing prices.

5 Welfare

Given the absence of noise traders, the environment allows for analysing
traders’ welfares when varying the intensity of informed trading. However,
before doing so, it is natural to equalise the endowments of the two groups of
traders and fix the total measure of traders. This ensures that changing the
measure of informed traders does not alter the aggregate resource constraint
of the economy. Hence, in this section, the total measure of traders is nor-
malised to 1, fraction X of which are informed traders. Each trader is endowed
with 1 share of the representative firm. These alterations do not invalidate
Proposition 1, the existence of rational expectations equilibrium. This can be
seen by applying Lemma 4 to informed traders, implying that x' is strictly de-
creasing in the relative price of the risky asset p. Therefore, aggregate demand
for the risky asset Ax/(p, z) + (1 — A)xY(p) is still strictly decreasing in p for
all p # 1.

Let me address the question of how traders’ welfares respond to an increase
in the fraction of informed traders. Notably, the following obtains.

Proposition 4. There exists an equilibrium price functional which is invariant
to the fraction of informed firms.

Proof. Consider the algorithm used to show the existence of equilibrium in the
proof of Proposition 1. When all traders know the realisation of the signal,
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aggregate demand for the risky asset is given by x/(p, z), a term independent of
A. Hence, whether for a given signal realisation a fully-revealing or a partially-
revealing equilibrium price obtains is independent of A. O

The fraction of informed firms does not affect price informativeness due
to the endogenous nature of noise in equilibrium prices. Namely, when there
are more informed traders, the supply of risky assets responds more strongly
to the price pressure exerted by informed traders. As to traders’ welfares,
Proposition 4 directly implies the following.

Corollary 1. There exists a class of equilibria within which the expected utility
of a trader of either type is invariant to the fraction of informed firms.

Proof. Note that a trader’s initial wealth wp + (1 — w) is nonstochastic given
p. Therefore, their demand for the risky asset and their date-1 consumption
are determined by the equilibrium price. Hence, trader’'s expected utilities
are determined by the equilibrium price functional. Hence, within a class of
equilibria with an invariant equilibrium price functional, the existence of which
is guaranteed by Proposition 4, traders’ welfares are invariant to the fraction
of informed firms. O]

In sum, the welfare analysis shows that the number of informed traders
does not necessarily determine the informativeness of stock prices and traders’
welfares. Rather the information content of equilibrium prices hinges on mar-
ket conditions such as the level of the risk-free rate. This finding relies on
the endogeneity of noise in equilibrium prices and for this reason cannot ob-
tain in Grossman-Stiglitz-type models where noise arises from exogenous noise
trading.

6 Empirics

Confronting the predictions of the theoretical model with data presents two
challenges. First, one should find a reliable proxy for the fundamental value
of a stock. Second, in order to exploit time variation in market conditions,
the dynamic implications of the model should be investigated. To overcome
these challenges, an indirect approach to testing the theoretical implications is
adopted. Namely, serial correlation in total stock returns is used as a measure
of the informativeness of stock prices.® The idea is that stock returns are

°An alternative would be to use the probability of informed trading (see Easley et al.,
1996) to measure the informativeness of the stock price. However, given that this measure
is based on a market microstructure model of informed trading a la Kyle (1985) whereas
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serially correlated if information gets incorporated into prices only gradually.
Thus, serial correlation in stock returns should decrease as prices become more
informative. Then, it is investigated how serial correlation varies with the mar-
ket conditions identified by the theory as determinants of the informativeness
of stock prices. However, due to the indirect nature of the empirical approach,
the results below should be seen merely as suggestive evidence for the mecha-
nisms of the theoretical model. Before turning to the empirical analysis, | will
explain how partially-revealing prices can lead to serial correlation in returns.

6.1 Serial correlation in stock returns

Consider a dynamic extension of the model presented in Section 2. Namely,
the economy is infinitely-lived. The risky asset pays a dividend of 8; in period
t. The traders still have access to the risk-free asset, yielding a one-period
gross return of R. In each period, the representative firm chooses the amount
of risky assets in the economy as in the one-period model, carrying out a debt-
for-equity or equity-for-debt swaps. Hence, the amount of risky assets in the
economy is bounded between 0 and 1 in each period. Informed traders receive
an informative signal about the flow of future dividends whereas uninformed
traders’ information set contains the past dividend flows and the current price
of the risky asset. The one-period return of the risky asset is given by (011 +
pt+1)/pt. Consider a case in which the price of the risky asset is unresponsive
to information about future dividends. Then, any serial correlation in dividends
leads to serial correlation in returns. On the other hand, when future dividends
are known by all traders, the return of the risky asset is equal to R, exhibiting
no serial correlation.

6.2 Data

The risky asset in the model can be seen as a market portfolio. For this reason,
the empirical analysis concerns an index of stocks. More specifically, value-
weighted daily returns of all Center for Research in Security Prices (CRSP)
firms incorporated in the US and listed on the NYSE, AMEX or NASDAQ are
analysed. Given that serial correlation in an index return can arise from nonsyn-
chronous trading (Scholes and Williams, 1977), one might wish to investigate
individual stock returns instead. However, Lo and MacKinlay (1988) show that
the serial correlation arising from plausible levels of nonsynchronous trading is

the present study pertains to informed trading in a Walrasian market, this would be less
appropriate.
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very small. For this reason, index of stocks, the empirical counterpart of the
risky asset in the model, is investigated.

As to the risk-free rate, the secondary market rate of the 3-month Treasury
bill, provided by the Federal Reserve Board, is employed. Even though a shorter
maturity might be preferable due to the analysis pertaining to daily returns,
the 3-month bill is chosen as it is available for a longer time period than other
daily bond series. Both the stock return and the Treasury bill data span the
period 04/01/1954-30/04/2014.

Measuring the wealth of the investors is less straightforward. Direct mea-
sures are practically ruled out by the requirement that the data be available
at a daily frequency. Hence, | will instead use a proxy for funding liquidity,
capturing investors’ ability to take positions in different assets (Brunnermeier
and Pedersen, 2009). Following a growing literature (e.g. Gatev and Strahan,
2006 and Hameed, Kang, and Viswanathan, 2010), | use the spread between
the returns of commercial paper (CP) and Treasury bills (paper-bill spread) as
a proxy for funding liquidity. Commercial paper is essentially a completely illig-
uid security (Krishnamurthy, 2002). Moreover, commercial papers has minimal
credit risk (Kacperczyk and Schnabl, 2010). For these reasons, the paper-bill
spread mainly reflects liquidity premium demanded by CP investors. In other
words, the paper-bill spread measures changes in supply of funding liquidity.

To compute the paper-bill spread, | use the 3-month financial commercial
paper rate® and Treasury bill rate described above. Financial commercial paper
is used to raise funds by large financial institutions (Kacperczyk and Schnabl,
2010), hence being suitable for measuring the funding liquidity of financial
market participants.

6.3 Results

| will begin by investigating the individual effect of the Treasury bill rate on the
serial correlation of returns. As the informativeness of stock prices is predicted
to be decreasing in the risk-free rate, serial correlation should increase with
the Treasury bill rate. That is, in the following empirical specification

Re=a+PBRt-1+7YRt-1TBr—1 + €, (28)

the coefficient v is expected to be positive. Note however that the Treasury
bill rate can have on effect on the serial correlation both as it proxies for the

®] employ the 3-month finance paper rate for the period 05/05/1954-31/12/1996 and
the 90-day AA financial commercial paper for 02/01/1997-30/04/2014, both provided by
the Federal Reserve Board.
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risk-free rate and as it captures movements in funding liquidity. In particular,
if a higher Treasury bill rate is associated with abundant funding liquidity, the
estimate of « is likely to be biased downward.

Due to the fact the Treasury bill rate is not stationary, it has to be trans-
formed before estimating (28). To do so, | deduct a 60-day backward moving
average from the Treasury bill rate to obtain what Campbell (1991) calls the
relative interest rate. The idea is that the transformed variable measures in-
novations to the risk-free rate. Later | show that the results are robust to
alternative ways of stationarising the Treasury bill rate.

Table 1 presents the results of estimating the effect of the Treasury bill
rate. As shown by the first specification, daily index returns are significantly
serially correlated. This finding might at first sight be surprising, indicating
predictability of stock returns. However, serial correlation of daily returns has
been robustly established in the literature (see, e.g., Campbell, Grossman, and
Wang, 1993). Among the proposed explanations of serial correlation perhaps
the most prominent is nonsynchronous trading. The idea is that if not all stocks
are traded at all times, information about future returns becomes incorporated
into prices only gradually. However, even though nonsynchronous trading can
explain why stock returns can be serially correlated, it is not clear why the the
degree of nonsynchronous trading would vary with Treasury bill rate and the
paper-bill spread.

The second specification in Table 1 shows that serial correlation in stock
returns rises when the Treasury bill rate is above its past average value. Finally,
the third specification shows that the result is robust to adding interaction
terms of the lagged return and day of the week dummies. Each of these
interaction terms is statistically significant at the 5% level. Thus, the results
provide suggestive evidence for the model's prediction that stock prices are
less informative when the level of the risk-free rate is high.

Turning to the effect of the paper-bill spread, | first analyse the individual
effect of the spread on the serial correlation of returns. Given that a higher
spread indicates scarcity of funding liquidity, the coefficient on ¢ in the following
specification is expected to be positive

Rt :Ol+5Rt_1+6Rt_1(CPt_1 —TBt_1)+Et. (29)

Note that if § merely captures the effect of the risk-free rate on the serial
correlation, it should have a negative sign. Hence, in specification (29), the
estimate of § is likely to be biased downward. Finally, | estimate a specification
with both the paper-bill spread and the Treasury bill rate.

The results on the effect of the paper-bill spread are less clear-cut than
those on the Treasury bill rate. Namely, when estimating specification (29)
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Dependent variable: R;

Explanatory variable (1) (2) (3)
Ri_1 0.0615%**  0.0672%**  (.255%**
(0.0160) (0.0138) (0.0532)
Rt—1TB¢-1 0.0541%* 0.0568%*
(0.0273) (0.0279)
R:_1x day of the week v
R? 0.00378 0.00485 0.0153
observations 15186 15018 15018

Table 1: Full sample. Newey-West standard errors in parentheses. *** **
and * denote significance at the 0.1%, 1% and 5% level, respectively.

using the full sample, § is positive but not statistically significant. But when
employing the second half of the sample, a statistically significant estimate for
0 obtains. These results are reported in Table 2.

As expected, the paper-bill spread has a larger effect in specification (1)
than in specification (2), where the Treasury bill rate is included separately.
Notably, the coefficients of both the paper-bill spread and the Treasury bill rate
are positive and significant in the second specification, as suggested by the
theoretical model. The third specification shows that the findings are robust
to interacting the lagged return with day of the week dummies. In sum, the
results suggest that the serial correlation in stock returns is increasing in both
the risk-free rate and funding illiquidity.

6.4 Alternative interest rate measures

Let me address the robustness of the results to alternative ways of stationar-
ising the Treasury bill and the commercial paper rates. | conduct two exper-
iments. First, | will vary the length of the window over which the backward
moving average of the rates are calculated. Second, instead of considering
deviations from a moving average, | will use first differences of the rates to
capture innovations to these variables.

Table 3 shows the effect of varying the number of days over which the
moving average of the TB and CP rates are computed. For comparability
with the previous findings, the second half of the sample is employed. One
observes that results are little affected by these alterations.

Table (4), presents the estimates when first differences of the rates are
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Dependent variable: R;
Explanatory variable (1) (2) (3)

Re 1 —0.0111 0.00679  0.171*
(0.0279)  (0.0206)  (0.0829)
Re_1(CPr_y — TBe_1)  0.0550%%  0.103%**  0.126%*
(0.0203)  (0.0292)  (0.0475)

Rt_1TBt-1 0.160* 0.170%*
(0.0771) (0.0838)
R:_1x day of the week v
R? 0.000725  0.00365 0.0128
observations 7416 7416 7416

Table 2: Second half of the sample. Newey-West standard errors in parenthe-
ses. *** ** and * denote significance at the 0.1%, 1% and 5% level.

Dependent variable: R;
Explanatory variable (1) (2) (3)

Re 1 0.171%*  0.170%  0.171*
(0.0829) (0.0834) (0.0830)
Re_1(CP_1 — TBe_y) 0.126%% 0.144%  0.110%*
(0.0475) (0.0579) (0.0421)

Ri—1TB¢1 0.170* 0.192* 0.145%*
(0.0838) (0.0963) (0.0735)
R:_1x day of the week v v v
R? 0.0128  0.0125  0.0126
observations 7416 7416 7416

(1): TB and CP deviations from 60-day backward moving averages.
(2): TB and CP deviations from 40-day backward moving averages.
(3): TB and CP deviations from 80-day backward moving averages.

Table 3: Second half of the sample. Newey-West standard errors in parenthe-
ses. *** ** and * denote significance at the 0.1%, 1% and 5% level.
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Dependent variable

Explanatory variable R:
R¢_1 0.240%**
(0.0567)
Ri—1(ACPi—1 — AT B¢—1) 0.208*
(0.0973)
Ri—1ATB¢_1 0.255*
(0.103)
R:_1x day of the week v
R? 0.0168
observations 14651

Table 4: Full sample. Newey-West standard errors in parentheses. *** **
and * denote significance at the 0.1%, 1% and 5% level.

used. The specification is estimated over the full sample. Also in this case,
both the paper-bill spread and the Treasury bill rate have positive and statis-
tically significant coefficients, lending further support to serial correlation of
stock returns being increasing in the risk-free rate and funding illiquidity.

7 Conclusion

This paper develops a novel framework for analysing the information content
of asset prices under asymmetric information. Notably, only mild restrictions
are imposed on traders’ preferences and the distribution of payoffs. More-
over, the model features endogenous asset supply, which introduces noise to
the information revealed by equilibrium prices and obviates the need for noise
trading. The framework is used to analyse the determinants of stock price
informativeness. It is found that the informativeness of stock prices is in-
creasing in the wealth of informed traders and decreasing in the risk-free rate.
This is due to the fact that when informed traders take larger positions, stock
prices move more strongly with the information possessed by these traders.
Notably, the information content of equilibrium prices and traders’ welfares
can be invariant to the intensity of informed trading. US stock market data
provides suggestive evidence for the mechanisms identified by the theoretical
analysis. Namely, serial correlation in stock returns, a proxy for the degree to
which prices fail to incorporate new information, is found to be increasing in
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the risk-free rate and in funding illiquidity.
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