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The more we know on the fundamental, the

less we agree on the price

Péter Kondor∗

Central European University

May 2011

Abstract

I allow heterogenity in trading horizons across groups in a standard differential in-

formation model of a financial market. This can explain the empirical facts that after

public announcements trading volume increases, more private information is incorpo-

rated into prices and volatility increases. Public information, in such environments,

has the important secondary role of helping agents to learn about the information of

other agents. As a consequence, whenever the correlation between private information

across groups is sufficiently low, a public announcement increases disagreement among

short horizon traders on the expected selling price, even if it decreases disagreement

about the fundamental value of the asset. Additional testable implications are also

suggested.

1 Introduction

Why do announcements of public information set off a frenzy of trading? Intuition suggests

that public information brings beliefs closer to each other. With less disagreement, there

should be less reason to trade.
∗E-mail address: kondorp@ceu.hu. This paper builds on Chapter 2 of my PhD thesis at the LSE. I am

grateful for Hyun Song Shin and Dimitri Vayanos for the guidance. Previous versions were circulated under
the titles: ”The more we know the less we agree: Public announcements and higher-order expectations”
and ”The more we know, the less we agree: Public announcements, higher-order expectations, and rational
inattention”. I am also grateful for the help received from Amil Dasgupta, Gabrielle Demange, Bernardo
Guimaraes, Christian Hellwig, Gergely Ujhelyi, Jakub Steiner, Stijn Van Nieuwerburgh, Laura Veldkamp
and seminar participants at Cambridge, CEU, Chicago, LSE, NYU and the SED 2009 meeting in Istanbul. I
also thank John Harbord for editorial assistance. All remaining errors are my own. I gratefully acknowledge
the EU grant “Archimedes Prize” ( HPAW-CT-2002-80054), and the financial support of the Central Bank
of Hungary.
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For a fresh look on this puzzle, my starting point in this paper is that the trading horizon

differ across market participants. That is, some groups of traders buy assets knowing that

later they will have to resell it to others. Public information, in such an environment, aside

from providing information about the uncertain fundamentals, has an important secondary

role in helping each agent to guess the private information of other agents. I show that

this observation provides a novel explanation of the well established stylized facts that after

public announcements trading volume increases, more private information is incorporated

into prices and volatility increases. In particular, I show that these facts arise naturally in

a generalized Grossman-Stiglitz type model where agents’ trading horizon vary and their is

sufficient heterogeneity in their information sets. I also suggest additional testable implica-

tions.

The main result is based on a simple observation. Agents’ opinion about the opinion

of others (higher-order expectations) respond differently to public information than agents’

opinion on the fundamentals of an economic object (fundamental expectations). In par-

ticular, a public announcement might increase disagreement among agents in higher-order

expectations, even if it decreases disagreement in fundamental expectations. A typical case

of this when agents collect private information on different dimensions of the fundamental.

For an extreme example, consider two groups: A-agents and B-agents. Suppose that while

B-agents form their expectation about the fundamental, each A-agent has to guess B-agents’

average fundamental expectation. That is, A-agents form second-order expectations. This

might be the case in financial markets if A-agents expect to resell their assets to B-agents.

Suppose that the fundamental is the sum of two independent factors, θ = θA + θB. While

each A-agent observes a different noisy signal on θA, each B-agent observes a different noisy

signal on θB. The public announcement, observed by all, is a noisy version of the fundamen-

tal, y = θ+ η. Without a public announcement, A-agents agree in their guess, because their

private signals do not reveal any information on B-agents’ signal. However, there is disagree-

ment with a public announcement. For example, an A-agent with a high private signal on

the first factor relative to the announcement concludes that most probably, the other factor

is low. Therefore, the average signal of B -agents and their average fundamental expectation

must also be low. An A-agent with a low private signal relative to the announcement reaches

the opposite conclusion. Thus, the announcement polarizes second-order expectations. In-

terestingly, first-order expectations are not polarized as disagreement among members of any

of the groups fundamental expectation decreases after the public announcement.

I incorporate this intuition into an economic context by analyzing a generalized, differ-

ential information model of financial markets in the tradition of Grossman-Stiglitz (1980)

and Hellwig (1980). Importantly, I allow agents to have heterogeneous trading horizons and
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to observe private signals with weak unconditional correlation. In particular, I assume two

groups of traders; A-traders and B-traders. There are three periods. Agents trade in the

first and second periods and the fundamental value of the asset realizes in the third. While

B-traders consume their financial wealth in the third period, A-traders have to liquidate

their assets and consume the proceeds in the second period. Consequently, in the first pe-

riod A-traders know that their consumption depends on the second period equilibrium price

they receive from B-traders for their assets as opposed to the fundamental value of the asset.

The information structure is general in the sense that the unconditional correlation of private

signals across groups can range from 0 to 1, depending on the parameters. Consistently with

the example above, whenever this correlation is sufficiently low, a public announcement in

the first period increases the dispersion in A-traders’ forecast of the second period price. I

refer to an information structure which satisfies this condition on the correlation structure

as a weakly correlated information structure.

I consider two versions of the model. In the first case, B-traders are not present in

the market in the first period. I interpret this case as a model of an asset being traded in

geographically distinct locations. Examples include currencies and cross-listed stocks. In the

second case, I present a general model of trading with heterogeneous horizon where B-traders

and A -traders are both present in the first period.

Consider the simpler case where only A-traders are present in the first period. As a

main result, under a weakly correlated information structure, the announcement induces an

upward shift in trading and in the amount of private information incorporated in prices in

both periods. Moreover, the volatility of first period price can also increase. As I discuss

below, these implications are consistent with a vast body of empirical work. Polarization

creates trading volume in the first period because the increased disagreement of A-traders

translates to active speculative trading after the announcement. Interestingly, it induces

more trade also amongB-traders in the second period, becauseA-traders’ more active trading

makes first period prices more informative. This reduces the uncertainty for B-traders

making them more aggressive in trading on their private information.

With the help of the second case, I analyze the effect of an increase in the share of

A-traders in the population. I interpret the increase of this share as a proxy for increased

market segmentation and/or an increased fraction of short-horizon traders in the economy.

The drawback of the additional complexity of this version is that the availability of analytical

results becomes limited. Relying partially on numerical simulations, I show that under a

weakly correlated information structure the elasticity of volume with respect to public infor-

mation is positive in the first period. Moreover, increasing the share of A-traders increases

the elasticity. When this share is sufficiently high, this elasticity is also positive in the second
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period. In some weakly correlated information structures, the elasticity of first period price

volatility with respect to public information is also positive .

The analysis of the second case helps to find new ways to test this theory. First, recent

work has constructed empirical proxies for the investment horizon of the investor base of

financial assets.1 Thus, a simple testable implication is that trading volume of assets with a

larger share of short-horizon investors in their investor base should respond more strongly to

public announcements. Second, the event of cross-listing of stocks might be used as a natural

experiment where the degree of market segmentation of the given asset increases. Thus, the

volume and information content of prices of cross-listed stocks should respond more strongly

to a release of public information after the event than before. Although interpreting this

work as a direct test of our theory has caveats, Bailey, Karolyi and Salva (2005) document

that volume and volatility of cross-listed stocks indeed follow this pattern.

This paper is the first to highlight that public announcements can polarize market par-

ticipants’ valuation of an asset without polarizing their fundamental expectations. It is also

the first to point out the potential of this observation to explain empirical patterns around

public announcements in financial markets.

There is a large previous literature focusing on the trade and price pattern around public

announcements. The stylized fact that the trading volume of stocks increases around earnings

announcements has been known for decades.2 Recent studies based on high-frequency data

sets give a more detailed picture.3 First, this stylized fact is true across various markets

and various type of public information releases. Second, within the day, trading volume

drops for a period before the expected announcement and increases only afterwards. Third,

the private information incorporated into prices through trading increases significantly after

announcements.4 Finally, public announcements also increase return volatility.

As neither in representative agent models, nor in standard differential information mod-

els should the price adjustment caused by the new public information be accompanied by

abnormal trading volume or volatility, even the basic stylized facts are puzzling from the

view point of the most standard models. Motivated by this fact, Kim and Verrecchia (1991)

introduce heterogeneous risk-aversion and information precision, while He and Wang (1995)

introduce residual uncertainty for the final pay-off into a dynamic version of the standard

1See Wahal and McConnell (2000) and Gaspar et al. (2005).
2See Beaver (1968), Bamber (1987), Ziebart (1990), Kandel and Pearson (1995).
3Fleming and Remolona (1999) and Green (2005) focus on the market for US treasuries, while Evans and

Lyons (2008) and Love and Payne (2008) focus on currency markets, and Chae (2005) and Krinsky and Lee
(1996) focus on equity markets.

4Krinsky and Lee (1996) and Fleming and Remolona (1999) decompose the bid-ask spread around an-
nouncments, while Evans and Lyons (2008) analyze the joint distribution of the orderflow and prices to
arrive to this conclusion.
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model. These papers highlight that small modifications to the standard framework do lead

to some trading volume around announcements. However, in these models trading volume

increases because agents build up speculative positions before the announcement which they

liquidate after observing the announcement. Informative trading does not increase after the

announcement, because disagreement decreases. This is hard to reconcile with the stylized

facts above.

In line with the empirical results, the majority of the literature is settled on the conclusion

that a viable explanation for these patterns requires models where public announcements

increase the disagreement among agents on the valuation of the asset. Observing that pub-

lic signals in common prior environments generally decrease disagreement on fundamentals,

this literature developed in two directions. The first group (e.g. Kim and Verrecchia (1997),

Evans and Lyons (2001)) relaxes the assumption that public announcements are modeled by

public signals. Instead, public announcements are modelled as combinations of public and

private signals. 5 Thus, the announcement can increase disagreement. The disadvantage of

this line of work is that its generality is limited. As the new assumption is on the nature of

information content of announcements, its potential to explain empirical patterns unrelated

to announcements is naturally small. This is in contrast to the second group starting with

Varian (1989), Harris and Raviv (1993) and Kandel and Pearson (1995) assuming heteroge-

neous priors. That is, agents with differing priors process the same public signal but reach

a different posterior valuation. The assumption of heterogeneous priors proved to be useful

for addressing various other empirical puzzles6.

Like the aforementioned two groups of papers, this paper also argues that trading volume

increases around public announcement because traders’ disagreement increases on the valu-

ation of the asset. Importantly, I point out that this is consistent with the combination of

common priors and public signals as long as a fraction of agents have a short trading horizon.

As short horizon agents focus on the future price instead of the fundamental, in this case

public announcement can polarize market participants’ valuation of the asset without polar-

izing their fundamental expectation. This model shares the advantage with heterogeneous

priors that its main assumption, the presence of short-horizon investors, also proved to be a

fruitful approach in a wide range of economic contexts.7

5Rabin and Shrag (1999) uses the same modelling strategy to explain confirmation bias.
6For example, heterogeneous prior models were shown to explain puzzles related to bubbles (Harrison

and Kreps (1979), Morris (1996), Sheinkman and Xiong (2003, Biais and Bossaerts (1998)), IPO overpricing
(Morris(1996)), momentum and post-announcement drift (Banerjee, Kaniel and Kramer (2009)). See also
Dixit and Weibull (2007), Acemoglu, Chernozhukov and Yildiz (2009) for the discussion of polarization due
to the relaxation of the common prior assumption in other contexts.

7For example, Tirole (1985) and Woodford and Santos (1997) analyze the role of short-horizons (OLG
models) in rational bubbles, Froot, Scharfstein and Stein (1992) connect short-horizon of traders to herding,
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In the given context there is a fundamental trade-off between heterogeneous prior models

and common priors-differential information models (including the one in this paper). On

one hand, unlike models with heterogeneous priors, common prior models are constrained

by No Trade Theorems (e.g., Milgrom and Stokey (1982)). That is, differential information

does not generate trade in itself without some type of noise in price determination. Thus,

these models analyze changes in trading volume for a given amount of noise. Because of this

constraint, the assumption of heterogeneous priors looks as a natural candidate to explain

patterns related to the enormous trading volume of financial markets. On the other hand,

this assumption implies a lack of learning from other agents actions. Thus, these models

tend to be inconsistent with the evidence that after public announcement a large flow of

private information is incorporated into the price. Because of this trade-off, the two class

of assumptions have a complimentary role in explaining patterns of trade and prices around

announcements.8

More broadly, this paper fits into the recent flow of papers analyzing the effect of higher-

order expectations in various contexts. The most closely related part of this literature9

analyzes environments where various groups of agents act sequentially and the pay-off of

early actors depends on the actions of groups acting later (e.g. Allen, Morris and Shin (2006),

Makarov and Rytchkov (2007) Banerjee, Kaniel and Kremer (2009), Goldstein, Ozdenoren

and Yuan (2008), Angeletos, Lorenzoni and Pavan (2007)). Thus, early actors have to guess

the information of agents acting later. Applications include financial markets, currency

attacks and the interaction between stock prices and real investment. None of these papers

consider information structures with the possibility of polarized higher-order expectations.

The structure of this paper is as follows. In the next section, I illustrate with an example

how public signals can polarize higher-order expectations in Gaussian information structures.

In section 3, I present the financial application, characterize the equilibrium and discuss

additional empirical implications. Finally I conclude.

and Vives (1995) relates short-horizon traders to the informational efficiency of prices. See Chapter 8.3 in
Vives (2008) for more related literature on short-horizon traders in rational financial models. Also, starting
with Holmstrom and Ricart i Costa (1986) and Shleifer and Vishny (1990), there is a series of models
providing microfoundations for the existence of investors with short-horizon.

8See Banerjee and Kremer (2010) as a notable example of mixing these two sets of assumptions.
9Other papers concentrate on whether imperfect information of decision makers leads to a unique equilib-

rium in coordination games (e.g. Morris and Shin (1998), Angeletos and Werning (2006), Hellwig, Mukherji
and Tsyvinski (2006) ), and on ”Beauty contest” environments where the pay-off of agents is a weighted
sum of the deviation of their actions from an optimal level and of the deviation of their actions from the
average action of others (e.g. Morris and Shin (2002), Woodford (2002), Hellwig (2002), Angeletos and
Pavan (2007)).
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2 Polarized second-order expectations: an example

Before introducing a model of a financial market, I illustrate the driving force of the results

by a simple example. In this example, a public announcement increases disagreement in

second-order expectations without increasing disagreement in first-order expectations.

Consider groups A and B with a unit mass of agents in each group indexed by i and j

respectively. B-agents forms expectations about a fundamental, θ. A-agents forms expecta-

tions about the average expectation of B-agents.10 These are second-order expectations on

θ. The fundamental value is the sum of two independent factors, θ = θA + θB. Each A-agent

i observes a private signal about the first factor, xi = θA + εi, while each B-agent j observes

a private signal on the second factor, zj = θB + εj. The difference across groups’ information

sets represents an unmodelled specialization in information acquisition. I am interested in

the change of dispersion in first and second order expectations after the release of a public

signal, y = θ + η. I assume that each factor and noise term is drawn from independent

distributions

θA, θB ∼ N

(
0,

1

κ

)
, εi, εj ∼ N

(
0,

1

α

)
, η ∼ N

(
0,

1

β

)
.

Consider first the case before the public announcement. The fundamental expectation of

each B-agent is a linear function of the private signal

E
(
θ|zj

)
= bnzj

where bn > 0 and the n superscript stands for no-announcement. The average expectation

in group B is

Ē
(
θ|zj

)
≡
∫ 1

0

E
(
θ|zj

)
dj = bnθB.

Then a measure of dispersion of fundamental expectations is∫ 1

0

∣∣E (θ|zj)− Ē (θ|zj)∣∣ dj =
|bn|√
α

√
2

π
.

Each agent i in group A forms the second order expectation

E
(
Ē
(
θ|zj

)
|xi
)

= anE
(
θB|xi

)
= 0.

The second-order expectation is 0 independently of the private signal of agent i, because

10In the main model, each agent in group A eventually wants to sell her asset to someone in group B,
this is why she is interested in the expectations of group B. However, to keep our example simple, in this
section we do not model the motivations of agents.
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A-agents have private information about the A factor only, while B-agents have private

information about the B factor only and the two factors are independent. As the fundamental

expectations of B -agents depend on their private signal only, A-agents’ private information is

useless in forming expectations about the fundamental expectation of the average B-agents.

Consequently, the dispersion in the second order expectations of A-agents is also 0.

Consider now the case with public announcement. Any B-agent’s fundamental expecta-

tion is linear and can be written as

E
(
θ|zj

)
= bzj + cy

where b, c > 0 are constants. As above, the dispersion of fundamental expectations is∫ 1

0

∣∣E (θ|zj, y)− Ē (θ|zj, y)∣∣ dj =
|b|√
α

√
2

π
.

By calculating the coefficients11 it is easy to show that the dispersion decreases after the

announcement as

b =
ακ

κ2 + ακ+ β (α + 2κ)
>

ακ

κ2 + ακ
= bn.

This is intuitive. Each B-agent has a more precise knowledge about the fundamental after

observing the public signal, thus, the disagreement among B-agents decreases.

Note that A-agents second-order expectations are not independent of private signals

anymore as

E
(
Ē
(
θ|zj, y

)
|xi, y

)
= bE

(
θB|xi, y

)
+ cy = b

(
axi + c′y

)
+ cy

where a, c′ 6= 0 are the coefficients in E (θB|xi, y) . Consequently, the dispersion in second-

order expectations increases from zero to∫ 1

0

∣∣E (Ē (θ|zj, y) |xi, y)− Ē (Ē (θ|zj, y) |xi, y)∣∣ di =
|ba|√
α

√
2

π
> 0.

11Whenever I calculate the coefficients of conditional expectations of normal variables throughout the
paper, I use the Projection Theorem. This states that if vθ and vs are vectors of variables which are jointly
normally distributed with the vector of expected values µθ, µs, respectively and the covariance matrix of the
vector [vθ,vs] is [

Σθ Σθ,s
Σs,θ Σs,θ

]
,

where Σθ,Σθ,s,Σs,θ,Σs,θ are the appropriate submatrices, then

(vθ|vs) ˜N
(
µθ + Σθ,sΣ

−1
s (vs − µs) ,Σθ − Σθ,sΣ

−1
s Σs,θ

)
.
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Thus, second-order expectations are polarized by the public announcement. The idea is

that as public signal gives information about the sum of the two factors, together with this

information, a private signal on one factor is informative about the likely value of the other

factor. For example, an A-agent with a high private signal on θA relative to the announcement

concludes that most probably, the other factor is low. Consequently, the average signal of a

B -agent and her fundamental expectation must also be low. In contrast, an A-agent with

low private signal on θA reaches the opposite conclusion. Thus, there will be dispersion

among A-agents about the expectation of the average B-agent.

Observe that polarization in higher-order expectations differs from polarization in first-

order expectations, because of the critical role of the strength of connection across private

information sets. When an A-agent forms expectations on the fundamental expectations of

the average B-agent, she has to forecast the private signal of that agent. When the A-agent’s

private signal, xi, is informative about the private signal zj, then the dispersion of A-agents’

second-order expectations is high. Polarization occurs when conditional on the public signal

this informativeness increases.

One might wonder why this property has not received any attention in the previous

literature. There are two likely reasons. The first is that interest in models where higher-

order expectations play an important role is relatively recent. The second is that even in such

models the information structure is virtually always assumed to be of the form where both

private and public signals are noisy observations of the fundamental: xi = θ+ εi, zi = θ+ εj,

y = θ + η. Virtually all CARA-Normal models of financial markets impose this information

structure. This is why I refer to this structure as the standard information structure. To

highlight the effect of moving from the standard information structure towards the extreme

specification in the above example, in the rest of the paper I use a more general information

structure than the one in the example. In particular, I assume that the fundamental is the

sum of three factors

θ = θA + θB + θC (1)

and the private signals of A and B-agents and the public signal are

xi = θA + θC + εi, (2)

zj = θB + θC + εj (3)

and

y = θ + η. (4)

9



All factors and noise terms are drawn from independent normal distributions

θA, θB ∼N

(
0,

1

κ

)
, θC ∼N

(
0,

1

ω

)
, εi, εj ∼N

(
0,

1

α

)
, η ∼N

(
0,

1

β

)
. (5)

Note that apart from the group specific factors θA, θB there is also a common factor θC

which all agents learn about. The advantage of this structure is that by choosing κ→∞, it

nests the standard, single factor information structure, while by choosing ω →∞ it results in

the structure of the presented example where the private information sets are independent.

Nevertheless, this structure is simple enough to give tractable expressions. I refer to the

information structure given by (1)-(5) as the general information structure.

Throughout the paper, instead of comparing equilibrium objects with and without an-

nouncement, I consider only the situation when the public signal is observed, and think

about the announcement as an increase in the precision of the public information, β. I also

refer to β as the amount of public information. The following proposition gives a necessary

and sufficient condition for polarization in the informational environment given by (1)-(5).

Proposition 1 Given the information structure (1)-(5), a public announcement always de-

creases disagreement among agents’ fundamental expectations in each group. That is,

∂
∫ 1

0

∣∣E (θ|zj, y)− Ē (θ|zj, y)
∣∣ dj

∂β
,
∂
∫ 1

0

∣∣E (θ|xi, y)− Ē (θ|xi, y)
∣∣ di

∂β
< 0.

Furthermore, a public announcement increases disagreement among A-agents about the av-

erage fundamental expectation of B-agents, that is

∂
∫ 1

0

∣∣E [Ē (θ|zj, y) |xi, y
]
− Ē

[
Ē (θ|zj, y) |xi, y

]∣∣ di
∂β

> 0,

if and only if

β >
κ2

ω
(6)

holds.

To see the intuition behind condition (6), note that in our information structure it is

equivalent to the condition

corr
(
zi, xj

)
< corr

(
zi, y

)
corr

(
xj, y

)
(7)

where corr (·, ·) is the correlation between the variables. Thus, the proposition states that

more public information polarizes A-agents’ second-order expectations if and only if the
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correlation in private information across groups is small relatively to the product of the

correlation between private and public information in the two groups. This condition trivially

holds in our example, where the correlation between private signals of agents in different

groups is zero. In contrast, the standard information structure imposes a rigid structure on

the correlation structure of signals and θ. In particular,

cov
(
xi, zj

)
= cov

(
zj, zn

)
= cov

(
xi, xm

)
= cov

(
xi, y

)
= cov

(
zj, y

)
= var (θ) (8)

for any agents i, j, n,m. It is easy to check that this structure violates (7) and (6).

Throughout the paper, I refer to the combination of (1)-(5) and assumption (6) as the

weakly correlated information structure.

In the next section, I argue that the statistical property highlighted in this section has

important economic consequences by modifying a standard workhorse model of financial

markets with differential information.

3 Trading with heterogeneous horizon and dispersed

information

In this section, I consider the effect of public information on strategies and prices in modified

versions of a standard, three-period REE, Grossman-Stiglitz type model.12 I deviate from the

basic model along two main dimensions. First, I consider the general information structure

instead of the standard information structure, and second, I allow for the interaction of two

groups who consume at different time points.

The effect of public announcement to trading positions can differ from its effect on ex-

pectations derived in the example of the previous section. First, in the model endogenously

determined prices serve as public signals and pay-off relevant variables for early consumers.

Second, as traders are risk averse, their position does not depend only on their expectation of

the pay-off of their portfolio, but also the uncertainty about the pay-off. The main purpose

of this section is to analyze how these channels affect the mapping between the example and

observables in a financial market.

The main finding of this section is that the combination of heterogenous trading hori-

zon and weakly correlated information structure implies polarization in higher-order expec-

tations. This leads to increasing trading volume, increased information content of prices

12See Grossmann and Stiglitz (1980), Hellwig (1980), Diamond and Verrecchia (1981), Brown and Jennings
(1989), He and Wang (1995) and Allen, Morris and Shin (2006).
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and potentially increased volatility of prices around announcements in otherwise standard

Grossman-Stiglitz type models. This is consistent with a vast body of empirical work cited

in the introduction.

3.1 General set-up

Just as in the example, I consider two groups of traders, A and B, trading the same risky

asset and a riskless bond. The return on the bond is normalized to 1. There are three

periods, t = 1, 2, 3. The uncertain fundamental value θ is realized in period 3. Each agent

has CARA utility over final wealth with the identical risk-aversion parameter γ. The total

measure of agents is 1 in the first period and µ ∈ (0, 1] in the second period. The total supply

of assets,u1, in period 1 and µu2 ≡ u1 + ∆u2 in period 2 are normally and independently

distributed.13 Each active trader in period t forms her demand dit or djt conditional on her

information set I it or Ijt and the price pt. In equilibrium, the price pt has to clear the market.

I will consider two main versions of the model. In both cases, A-traders trade in period 1

and sell their portfolio to B traders in period 2 and consume the proceeds, while B traders

liquidate their portfolio in period 3 for the fundamental value θ and consume the proceeds.

However, in Case 1, only A-traders trade in period 1. B-traders arrive and trade in period

2 only. Thus the problems of traders are determined as follows.

Case 1 The demand of each A-trader for given price p1 solves

max
di1

E
[
−e−γW i

A|p1, I i1
]

(9)

W i
A = di1 (p2 − p1)

and the demand of each B-trader for given price p2 solves

max
di2

E
[
−e−γW i

B |p2, Ij2
]

(10)

W j
B = dj2 (θ − p2) .

The measure of the two groups are equal and normalized to 1. Components of the random

endowment, u1 and u2 are drawn independently from the distributions

u1 ∼N

(
0,

1

δ2
1

)
, u2 ∼N

(
0,

1

δ2
2

)
,

13The independence of u1 and u2 implies that cov(u1,∆u2)
var(u1) = −1 . This is clearly a stark assumption, but

leads to the simplest analysis. The model can be generalized to include any correlation structure across the
noise terms. The main results are robust to this treatment.
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There are various potential interpretations of this case. For example, one can see this case

as a (part of the) 24-hour day in the market of global currencies. In reality, the main direct

participants of these markets are dealers. Dealers receive orders from their customers14, but

also trade on their own account. They trade with each other either directly or through

interdealer electronic brokerage services. The structure of Case 1 emphasizes two stylized

facts of global currency markets. First, a large part of trading volume is generated by dealers

operating in distinct geographical locations and during their local daylight hours. Second,

dealers tend not to hold positions overnight.15 That is, they do not pass on positions at

the end of the day, even to other dealers of the same financial firm but located in an other

geographical location. For example, consider the U.K. pound/US dollar market. A large

share of the trading goes through dealers located in either in London or New York. Thus, in

terms of the model, A-traders are dealers located in London, B-traders are dealers located

in New York. Then period 1 represents trading hours in London and period 2 represents

trading hours in New York. Because dealers do not want to hold positions overnight, they

maximize their end of day utility. Because the trading hours in London end shortly after

trading hours start in New York, Londoners will sell their excess positions to New Yorkers

at the end of their trading day.16 Cross-listed stocks is an other example where geographical

segmentation seems to play an important role.17 In general, I will refer to this set-up as a

model of local traders in global markets. This structure is especially useful for my purposes

because of its analytical tractability.

In the second case, I allow B-traders to trade in both periods. Thus, in the first period

the two types of agents coexist. Thus, the utility of traders is determined as follows.

Case 2 Each A-trader solves problem (9) while a B-trader solves problem (10) in the second

14Starting from Diamond and Verrecchia (1981), it is common to interpret the random supply u1, u2 as
the sum of initial endowments of traders. In our context, this random endowment could be interpreted as
the customer orders of dealers. There is a set-up which is formally equivalent to our version, but uses this
alternative interpretation of the random supply.

15See Lyons (2006), page 46.
16As understanding this particular market is not the main purpose of this model, I keep the framework

close to the standard models of trading with differential information. Thus, I abstract from many other
institutional features of this market, e.g. the interdealer trade, the structure of price quotations and market
orders, the interday dynamics etc.

17Although in theory local markets could work as one global market, several studies find significant seg-
mentation in trading activity in these markets. For example, Pulatkonak and Sofianos (1999) finds that 40%
of the varation of the US-market share of trading volume of cross-listed stocks can be explained by the hours
of overlap in trading between the NYSE and the home market for the stock. See also Rosenthal and Young
(1990) and Froot and Dabora (1999).
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period and

max
di1

E
[
−e−γW i

B |p1, Ij1
]

(11)

W j
B = dj1 (p2 − p1) + dj2 (θ − p2)

in the first period, where dj2 is the optimal strategy in period 2.

The measure of A−traders is (1− µ) and the measure of B−traders is µ. The random

supply, u1 and u2 are drawn independently from the distributions

u1 ∼N

(
0,

1

δ2
1

)
, µu2 ∼N

(
0,
µ2

δ2
2

)
thus, the supply per capita of the asset is independent of µ.

This case might fit more to equity markets where individuals and institutions with dif-

ferent investment horizon coexist. While some individuals trade very frequently with the

explicit purpose of opening and closing positions within a day (”day traders”), others are

saving for retirement. It is also an empirically documented fact that the investment horizon

of financial institutions varies, perhaps in line with the dispersion in their managers’ incen-

tive schemes and the duration of their liabilities.18 Depending on the interpretation of the

group of long-term and short-term traders, the interpretation for the length of each interval

should also vary. Again, the context of cross-listed stocks might be useful in this case. In

this context, one can think of (1− µ) , the fraction of B-traders, as the degree of market

integration of the two markets for the particular asset. When this fraction is high, traders

can optimize over when to trade. When this fraction is low a large group of traders (A-

traders) have to expect future prices to incorporate information of another group of traders

(B -traders) who are not present on their local market. Before the asset is cross-listed, the

local market for the asset is integrated and µ is close to one. After the cross-listing, the two

markets for the assets are less integrated and µ is low. I include Case 2 for two reasons.

First, to show that the main results are robust to the additional complexity that heteroge-

neous groups coexist, and second, to present testable implications on the effect of market

integration on trading activity. I will refer to this set up as a model of heterogeneous trading

horizon. The drawback of this case is that I have to rely partially on numerical simulations

for its analysis.

Note that Case 2 is set up in such a way that as µ→ 0, the structure converges to case 1

in the following sense: while the model is undefined for µ = 0, because there are no traders

18See Derrien, Kecskes and Thesmar (2009), Hotchkiss and Strickland (2003), Ke and Petroni (2004), Ke,
Petroni, and Yu (2008), Yan and Zhang (2009)).
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to trade in period 2, it is well defined for any µ > 0. As µ→ 0, the structure converges to a

set up where there are only B-traders in period 2 and there are only A-traders in period 1.

This results in a very similar set up to Case 1. In contrast, when µ = 1, it is a 2 period model

with homogeneous traders. This extreme case differs from the standard set-up of Brown and

Jennings (1989) only to the extent that the information structure is more general.

The information structure is described in (1)-(5). The information sets of agents are

I i1 =
{
xi, y

}
Ij1 =

{
zj, y

}
Ij2 =

{
zj, y, p1

}
.

I look for a linear Rational Expectation Equilibrium defined as follows.

Definition 1 A linear Rational Expectation Equilibrium is given by the linear price functions

p1, p2, mapping the aggregate random variables to prices and individual demands, di1, d
j
2 in

Case 1 and di1, d
j
1, d

j
2 in Case 2 such that

1. in Case 1, di1 and dj2 solve problems (9)-(10), respectively and pt clear the market in

period t = 1, 2,

2. in Case 2, di1, d
j
1, d

j
2 solve problems (9)-(11) , respectively and pt clear the market in

period t = 1, 2.

Before proceeding to the analysis of the model, it is useful to sum up how our structure

nests the usual assumptions made in the literature.

1. If κ→∞ the information structure becomes the standard informational structure.

2. If δ1 → 0, the second period environment is the same as a static environment, as first

period prices become uninformative.

3. If β → 0, the environment converge to an environment with no public announcement.

Thus, combining different subsets of this limits, this model nests many models in the

literature. For example, with δ1 → 0, κ → ∞, the second period is close to Hellwig (1981).

Case 1 with κ → ∞ is the two period version of Allen, Morris, Shin (2006), while case 2

with κ → ∞ is close to Brown and Jennings (1989) or to the two period version of He and

Wang (1995). In this sense, the presented framework is general.
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3.2 Case 1: local traders in a global market

In this section, I characterize the equilibrium of Case 1 of the model. First, I show that a RE

equilibrium always exists in this model. Second, I analyze trading volume. I show that both

A-traders in the first period and B-traders in the second period trade more after a public

announcement whenever κ2

ω
< β, that is, whenever A-traders expectation about the second

period prize is polarized by the public announcement. Finally, I analyze the volatility of

prices.

3.2.1 Equilibrium

The derivation of the equilibrium is standard. First, I conjecture the price functions

p2 =
b2 (θB + θC) + c2y + g2q1 − u2

e2

(12)

p1 =
a1 (θA + θB) + c1y − u1

e1

(13)

where a1,b2, c1, c2, e1, e2, and g2 are undetermined coefficients. Second, I derive the optimal

demand given these price functions. For this, observe that p1 and y are informationally

equivalent to y and the ”price signal” q1 of the first period defined as

q1 ≡
e1p1 − c1y

a1

= (θA + θB)− u1

a1

. (14)

The conditional precision of q1 is

τ 2
1 ≡

1

var (q1|θA + θB)
= δ2

1a
2
1.

Similarly, p2, y, and q1 are informationally equivalent to y, q1 and the price signal q2 of the

second period defined as

q2 ≡
e2p2 − c2y − g2q1

b2

= (θB + θC)− u2

b2

(15)

with a conditional precision of

τ 2
2 ≡

1

var (q2| (θB + θC))
= b2

2δ
2
2. (16)

I also define b2, c2, e2, g2 and b1, c1, e1as the linear coefficients of the conditional expecta-
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tions

E
(
θ|zj, y, q1, q2

)
= b2z

j + c2y + e2q2 + g2q1 (17)

E
(
q2|xi, y, q1

)
= a1x

i + c1y + e1q1 (18)

and

τ 2
θ ≡

1

var (θ|zj, y, q1, q2)

τ 2
q ≡

1

var (q2|xi, y, q1)

as the corresponding precision. Note that all the expectational coefficients and precisions

are functions of the primitive parameters and the equilibrium values of τ1, τ2. Then, the first

order condition of the problem of B traders, (10), gives

dj2 =
τ 2
θ

γ

(
E
(
θ|zj, y, q2, q1

)
− p2

)
(19)

and the problem (9) gives

di1 =
1

γ

(
e2

b2

)2

τ 2
q

(
E
(
p2|xi, y, q1

)
− p1

)
. (20)

Note that the form of (19) and (20) differ because A traders are interested in the next period

price, p2, as opposed to the fundamental value. The term
(

e2
b2

)2

τ 2
q is the precision of p2

conditional on the information set of A traders.

Imposing market clearing and using expressions (17)-(18) and definitions (14)-(15) give

expressions for p2 and p1 as linear functions of the random variables with coefficients which

depend on the primitives and b2,b1, c2, c1, e2, e1 and g2. For an equilibrium, I have to find

b2,b1, c2, c1, e2, e1 and g2 which ensure that these price functions are identical to conjectures

(12)-(13). The next proposition follows.

Proposition 2 1. For all parameters there exists a linear RE equilibrium. In this equi-

librium demand functions and prices are given as follows:

dj2 = b2z
j + c2y + g2q1 − e2p2 (21)

di1 = a1x
i + c1y − e1p1 (22)

p2 =
b2 (θB + θC) + c2y + g2q1 − u2

e2

(23)
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p1 =
a1x̄+ c1y − u1

e1

where

b2 = τ 2
θ

b2

γ
(24)

c2 = τ 2
θ

b2

γ

c2

b2 + e2

(25)

e2 = τ 2
θ

b2

γ (b2 + e2)
. (26)

g2 = τ 2
θ

b2

γ

g2

e2 + b2

(27)

and

a1 =
τ 2
q

γ

a1

e2 + b2

(28)

c1 =
τ 2
q

γ

((b2 + e2) c1 + c2) a1

(e2 + b2) ((e2 + b2) (a1 + e1) + g2)

e1 =
τ 2
q

γ

a1

(e2 + b2) ((e2 + b2) (a1 + e1) + g2)
.

Furthermore, all coefficients and equilibrium constants are calculated at τ1 = τ ∗1 and

τ2 = τ ∗2 where [τ ∗1 , τ
∗
2 ] is the fixed point of the system

δ2τ
2
θ

b2

γ
= τ2 (29)

δ1

τ 2
q

γ

b1

(e2 + b2)
= τ1. (30)

2. When κ→∞, there is a unique linear RE equilibrium where

τ ∗2 = α
δ2

γ

τ ∗1 = α2δ1
δ2

2

γ (γ2 + αδ2
2)
.

3. When κ2

ω
= β, there exists a unique linear RE equilibrium where τ ∗1 = 0 and τ ∗2 is the

unique solution of

αδ2 (κ+ ω)
κ

γ
= τ2

(
κ2 + (κ+ ω)

(
α + τ 2

2

)
+ 2κω

)
.
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Note that the Proposition states existence in general, and uniqueness at two particular

points of the parameter space. Given previous work, it is not surprising that there is a

unique equilibrium in the limit where our information structure converges to the standard

information structure. There is also a unique equilibrium at β = κ2

ω
. Recall from Proposition

1 that this is an important point in our parameter space, as second-order expectations are

polarized by the public signal if and only if β > κ2

ω
.

3.2.2 Trading volume and information content in trades

I start with a general analysis on traders’ equilibrium demand. Note first that rearranging

(15) for p2 and substituting in to (21) gives the first equation in the chain

dj2 = b2

(
zj − q2

)
=
τ 2
θ

γ

[
b2

(
zj − q2

)]
= b2ε

j + u2. (31)

The second equation comes from (24), while the last one is a consequence of the definition

of (15). This chain of equations is intuitive. The first expression states that each agent j

forms her price contingent demand as follows. She considers the difference between zjand

q2; her private signal and a noisy measure of the average private signal of other agents as

it is aggregated in the given market price. If agent j has a higher private signal than this

noisy signal of average private information, she buys the asset; otherwise she sells the asset.

However, the amount she buys or sells also depends on b2, which I refer to as the agent’s

trading intensity. The larger the trading intensity, the more aggressively the agent bets on

this difference. The second expression decomposes trading intensity. Intuitively, the term in

the squared bracket shows how difference in information translates to differences in estimated

fundamental value. The larger this term, the larger the agent’s perceived difference between

her estimate and that of the market. The term
τ2θ
γ

shows how the difference in opinion is

translated into positions. The smaller the risk aversion of the agent, γ and the larger the

precision of her fundamental estimation, τ 2
θ , the larger bet she wants to take for every unit

of differences in opinion. Importantly, all b2,b2 and τ 2
θ are functions of the deep parameters

and τ2, the precision of the price signal.

The last expression in (31) shows that at the equilibrium prices, agents end up with a

position which is a composite of two parts. The second part is just the per-capita supply. I

refer to this part as the risk-sharing position. The first one is the trading intensity weighted

private noise. I refer to this part as the speculative position. Importantly, agents cannot

distinguish these two parts of their own positions as they know neither the supply nor the

noise term in their private signals.19 Still this decomposition helps us to understand how

19In fact, as explained and clarified in Biais, Bossaerts and Spatt (2010), the fact that the demand of
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and why trading volume and other equilibrium objects react to public information.

In the same way that I derived (31), I also derive the analogous expressions for A traders

di1 = a1

(
xi − q1

)
=
τ 2
q

γ

a1

e2 + b2

(
xi − q1

)
= a1ε

i + u2. (32)

The same interpretation holds.

For the purposes of this paper, it is also useful to point out how first period demand is

related to higher-order expectations. The market clearing condition in period 2 gives

p2 =

∫ 1

0

E
(
θ|zj, y, q2, q1

)
dj − γ

τ 2
θ

u2.

Thus, I rewrite first period demand as

1

γ

(
e2

b2

)2

τ 2
q

[
E

(∫ 1

0

E
(
θ|zj, y, q2, q1

)
dj − γ

τ 2
θ

u2|xi, y, q1

)
− p1

]
. (33)

Note that the term in the squared bracket is the difference between the A-trader’s expectation

of the expectation of the average B-trader (a second order expectation) and the first period

price. As I will argue, this second-order expectation carries all the intuition built in Section

2. The term
(

e2
b2

)2

τ 2
q is the precision of A-traders’ estimate. This part is endogenously

determined in this model and could modify the basic intuition of Section 2. Importantly,

in a RE equilibrium formally agents do not form expectations about the expectations of

others. Still, the logic of the example in Section 2 can be applied in two ways. First, one can

interpret expression (33) in an as if sense. Traders in the first period form their demand

as if they were forecasting the expectation of the average B trader. Second, as I show in

Appendix C, our model is a specific large number limit of a strategic model where the agents

do form expectations about the strategies of others.20 Thus, the intuition of the presented

example also applies in this sense.

Similar to the decomposition of demands in (31), I also define and decompose trading

trader i positively depends on the error term in her private signal, εi, is a form of winner’s curse. If the
trader could distinguish between εi and u1, she would avoid this curse.

20Appendix C is available from the author’s website.
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volume as one of the key objects of interest. The expected volume21 in each period is

V2 ≡ E
(∣∣dj2∣∣) =

√
2

π

(
1

δ2
2

+
b2

2

α

)
(34)

V1 ≡ E
(∣∣di1∣∣) =

√
2

π

(
1

δ2
2

+
a2

1

α

)
.

I refer to the first term in the brackets on the left hand side as the risk-sharing part of volume

and the second part as speculative volume. While the risk-sharing part is exogenously given

by the variance of the random supply, the speculative part depends on the equilibrium trading

intensities, b2, a1. Note that volume is not influenced by the realization of fundamental

factors or the public announcement. As our main interest is the change in that part of

volume which is driven by dispersion in private information, I also define speculative volume

as the realized volume when aggregate random variables are at their expected value.

V S
2 ≡ 1

2

∫ ∣∣dj2∣∣ |u2=0 =
|b2|√
2απ

V S
1 ≡ 1

2

∫ ∣∣dj2∣∣ |u1=0 =
|a1|√
2απ

It is apparent that in Case 1, changes in the amount of public information affects expected

volume and speculative volume in very similar ways. However, this second measure will turn

out to be of independent interest in Case 2.

It is important to point out that neither in this part nor in the rest of the paper I

present arguments against the classic No Trade Theorems. Just as in any other common

prior set-up, differential information does not generate trade in itself in this model. To

induce trade, prices must be non-fully revealing. Indeed, both the risk sharing and the

speculative components of volumes and holdings in (31) and (34) go to zero as the noise in

supply diminishes. However, the decomposition of holdings and volume in (31) and (34) also

21By the properties of folded normal distributions, the total realized volume in each period is

V2 ≡ 1

2

∫ ∣∣∣dj2∣∣∣ =
1

2

(
|b2|√
α

√
2

π
exp(−α u2

2

2b2
2

) + u2

(
1− 2Φ

(
−
√
α
u2

|b2|

)))

V1 ≡ 1

2

∫ ∣∣di1∣∣ =
1

2

(
|a1|√
α

√
2

π
exp(−α u2

1

2a2
1

) + u2

(
1− 2Φ

(
−
√
α
u1

|a1|

)))
.

Observe that just as the measures of volume in the main text, these expressions are also increasing in trading
intensity and affected by the amount of public information only through the change in trading intensity. Thus,
considering this measure would not change our qualitative results.
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illustrate that dispersion in private information adds to trading volume in a market where

prices are not fully revealing. To see this, consider the limit α→∞. This coincides with the

symmetric information benchmark. In this limit, the speculative part of equilibrium demand

diminishes and only the risk-sharing part remains. Thus, the additional effect of differential

information to trade for a given amount of noise is measured by the speculative component

in each object. Given that this component depends on the equilibrium objects b2, a1, the

way the combination of traders’ heterogeneous trading horizon and the weakly correlated

information structure influences the speculative component is non-trivial. The analysis of

this is the main focus of this paper.

I am also interested in the information content of prices. I define a measure for this as

C1 ≡
1

var (q1|θA + θC)
= τ 2

1 = δ2
1a

2
1 (35)

C2 ≡
1

var (q2|θB + θC)
= τ 2

2 = δ2
2b

2
2 (36)

where I used (28) and (24) for the last equation in each expression, respectively. When this

measure is zero, the price do not aggregate any private information. When it is infinity,

it aggregates private information perfectly. Note from (34)-(36) that to study the effect of

public information on trading volume and information content of prices, it is sufficient if

I study its effect on the absolute value of trading intensities |b2| , |a1| . When the trading

intensity increases in absolute value, so do our measures of volume and information content

of prices.

I start the analysis with the limit where the importance of group specific information

diminishes, i.e., κ → ∞. As pointed out above, this limit corresponds to the standard

information structure. The following proposition shows that public information does not

affect trading volume and information content of prices in this case.

Proposition 3 When κ → ∞, trading volume and information content of trades are both

unaffected by the amount of public information β. That is

∂b2

∂β
=
∂a1

∂β
=
∂Vt
∂β

=
∂Ct
∂β

= 0.

for t = 1, 2.

Consider the result on information content and volume. Note that the effect of public
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information on trading intensity in each period can be decomposed as

∂ |b2|
∂β

=
1

γ

∂τ 2
θ b2

∂β
=

1

γ

(
τ 2
θ

∂b2

∂β
+ b2

∂τ 2
θ

∂β

)
(37)

∂ |a1|
∂β

=
1

γ

∂
τ2q

e2+b2
b1

∂β
=

1

γ

τ 2
θ

∂a1

∂β
+ a1

∂
τ2q

e2+b2

∂β

 . (38)

The first term in the bracket is the effect of public information on the weight of private

signals in each agent’s conditional expectation, while the second term is the effect on the

precision of their expectations. It is easy to check that in the limit κ→∞ the first term is

always negative while the second term is always positive and their absolute size is the same.

Intuitively, more public information decreases disagreement among agents. If an agent knows

more from public sources, she will rely less on her private signal. Less disagreement decreases

trading intensity. On the other hand, more information makes agents more certain in their

estimation of the fundamental value. This increases trading intensity. Proposition 3 states

that these two effects exactly cancel out in the standard information structure. As already

been pointed out in previous work (e.g. Kim and Verrecchia (1991) and Wang (1995)), this

result is not robust. Still the existence of the two opposing forces is a general feature of

previous CARA-Normal RE models.

In contrast, an important result in this paper is that in our set up the effect of an

announcement on precision and conditional expectation not only do not cancel out, but they

have the same positive sign, leading to large increase in trading volume as a response to

more public information.

Let us turn to the general case when κ is finite so the common factor does not fully

dominate the fundamental value. I start the characterization with the following Lemma.

Lemma 1 In every point where ∂Vt
∂β

exists for both t = 1, 2

sgn

(
∂ |a1|
∂β

)
= sgn

(
∂ |b2|
∂β

)
.

The Lemma states that for any combinations of the parameters, public information affects

absolute trading intensity, and consequently trading volume and information content of

prices, in the same way across the two periods. The underlying intuition is that if A-traders

trade more aggressively, the price in the first period becomes sufficiently more informative.

Hence the precision of B-traders’ estimated pay-off increases. Consequently, the Lemma

states that even if decreasing disagreement among B-traders decreases trading intensity, the

effect on precision will dominate.
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Now I turn to the main result of this section. Recall from Proposition 1 that in our

example the public signal polarizes A-traders expectations on the expectation of the aver-

age B-traders in a weakly correlated information structure, that is, if and only if β > κ2

ω
.

Furthermore, expression (33) shows that second period price is closely related to the average

expectation of B-traders. Thus, if polarization is indeed the main determinant of increase

in trading volume, A-traders’ volume should increase if and only if β > κ2

ω
. By Lemma 1, B-

traders’ trading volume should also increase under the same condition. That is, polarization

among A-traders increases trading volume among both group of traders, even if disagree-

ment about the pay-off among B-traders decreases after the announcement. By previous

arguments, trading intensities of A and B traders, a1,b2 and information content of prices

should change similarly. This is indeed the case as illustrated in Figure 1 and Figure 2.

Figure 1 shows trading intensities, and the precision of traders estimates, τ 2
θ , τ

2
q on the top

and bottom panels, respectively. The bottom panel on Figure 2 shows speculative trading

volume in period 1 and 2. In the next proposition, I show that these results are general

as long as trading intensities a1,b2 are continuously differentiable in the amount of public

information, β.22

Proposition 4 There are ωmin ∈ [0, κ
2

β
), ωmax ∈ (κ

2

β
,∞] that as long as ω ∈ (ωmin, ωmax)

there are corresponding τ ∗1 , τ
∗
2 which are continuous in ω and continuously differentiable in

β and ω. Furthermore, when (ωmin, ωmax) is the largest such set,, as long as ω ∈
(
κ2

β
, ωmax

)
∂ |a1|
∂β

,
∂ |b2|
∂β

> 0.

That is, in weakly correlated information structures, the absolute value of trading intensities,

volume and information content of prices all increase in both periods.

3.2.3 Volatility of prices

Turning to prices, by definition, the coefficients b2

e2
, a1

e1
show the price effects of the part of

fundamentals which agents have private information on, the coefficients 1
e2
, 1
e1

show the price

effect of supply shocks, while c2
e2
, c1

e1
show price effect of public information. The first two

sets of coefficients are particularly important, because they determine the relevant measure

22While experiments with a wide range of parameters suggest that this neighborhood is the whole param-
eter space, i.e. ωmin = 0, ωmax =∞, a general proof for this was not found. Hence the weaker statement.
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of price volatility as

Σ1 ≡ var (p1|y) =

(
a1

e1

)2(
1

κ
+

1

ω

)
+

1

(e1)2 δ1

(39)

Σ2 ≡ var (p2|y, p1) =

(
b2

e2

)2(
1

κ
+

1

ω

)
+

1

(e2)2 δ1

. (40)

Both measures are conditioned by publicly observed variables in the given period.

Starting again with the standard information structure, the following proposition holds.

Proposition 5 When κ→∞, in each period,

1. prices are positively affected by the average information of traders, and this effect de-

creases in the precision of public information. That is,

b2

e2

,
a1

e1

> 0,
∂ b2

e2

∂β
,
∂ b1

e1

∂β
< 0.

2. Prices are positively affected by public information and this effect increases in the pre-

cision of public information,

c2

e2

,
c1

e1

> 0,
∂ c2

e2

∂β
,
∂ c1

e1

∂β
> 0.

3. Prices are negatively affected by supply shocks, and the effect decreases in the precision

of public information

1

e2

,
1

e1

> 0,
∂ 1

e2

∂β
,
∂ 1

e1

∂β
< 0.

4. Price volatility decreases in the precision of public information

∂Σ1

∂β
,
∂Σ2

∂β
< 0.

As the last statement in the proposition shows, under the standard information struc-

ture, more precise public information decreases price volatility in each period. The result is

intuitive. If public information is more precise, agents rely more on public pieces of informa-

tion and less on every other piece of information. Thus, the price will be more sensitive to

public information, but less sensitive to every other shock. As only sensitivities to private

information and supply shocks, b2

e2
, a1

e1
, and 1

e2
, 1
e1

affect our volatility measure, more precise

public information decreases price volatility.
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As I show in the following proposition, this monotonic pattern generally disappears in a

weakly correlated structure.

Proposition 6 For any set of other parameters,

1. there is an interval B1⊆
(
ω
κ2
,∞
)

that if β ∈ B1

∂
∣∣∣a1

e1

∣∣∣
∂β
|β∈B1⊆( ω

κ2
,∞) > 0,

that is, in certain weakly correlated structures the absolute value of the price effect of

the average information of traders in period 1 is increasing in the precision of public

information.

2. If the variance of the supply shock, 1
δ1

is sufficiently small and τ ∗1 , τ
∗
2 are continuous in

β in
(
ω
κ2
,∞
)
, then there is an interval B2∈

(
ω
κ2
,∞
)

that if β ∈ B2,

∂
∣∣∣ 1e1 ∣∣∣
∂β
|β∈B2∈( ω

κ2
,∞) > 0,

that is, in certain weakly correlated structures the absolute price effect of the supply

shock in period 1 is increasing in the precision of public information.

The result states that in weakly correlated structures, the price can become more sensitive

both to shocks in the average private information and to supply shocks. Especially when

the variance of the supply shock is small, typically there is a set of parameters where both

sensitivities increase in precision. Figure 2 shows the equilibrium price coefficients, while

Figure 3 depicts our volatility measure as a function of the precision of the public information

in a typical case. It is apparent that there is a range where more public information increases

the volatility of price in period 1. This range is indeed within the interval
(
ω
κ2
,∞
)
, that is,

it corresponds to weakly correlated information structures.

3.3 Case 2: Heterogeneous trading horizon

In this part, I analyze Case 2 where B traders enter in the first period. Thus, traders with

different horizons coexist. I focus on the effect of the changing measure of the two groups

on trading activity. I argue that in a weakly correlated information structure, the lower

the µ, (the larger the share of short-horizon traders or, equivalently, the smaller the level

of integration of the market of a given asset), the larger the response to announcements of

volume, information content of prices and, potentially, volatility.
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3.3.1 Equilibrium

The structure of the second period is the same as in case 1, so conjecture (12) and definitions

of q2, τ2, and τθ, b2, c2, e2, g2 are used as before. However, for the first period I conjecture

p1 =
a1 (θA + θB) + b1 (θB + θC) + c1y − u1

e1

(41)

and define q1 as the price signal corresponding to period 1

q1 ≡
e1p1 − c1y

a1 + b1

= (1− φ) θA + φθB + θC −
1

a1 + b1

u1 (42)

where φ is the share of B-traders’ private information in the total private information content

of the first period price. It is defined as

φ ≡ b1

a1 + b1

. (43)

The conditional precision of q1 is

τ 2
1 ≡

1

var (q1|θA + θB)
= δ2

1 (a1 + b1)2 . (44)

Finally, I define bA, cA, eA and bB, cB, eB as the linear coefficients of the conditional ex-

pectations

E
(
q2|xi, y, q1

)
= aAx

i + cAy + eAq1 (45)

E
(
q2|zj, y, q1

)
= bBz

j + cBy + eBq1 (46)

and

τ 2
A ≡ 1

var (q2|xi, y, q1)

τ 2
B ≡ 1

var (q2|zj, y, q1)

as the corresponding precision.

The problem of each B-trader in the second period and that of each A-trader in the first

period are very similar to their respective problems in case 1. The optimal demand of these

traders leads to the same formulations of (19) and (20), respectively.

However, B-traders have to solve a two period problem in period 1. I show in the
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appendix that their demand function takes the form of

dj1 =
(τ 2
θ b

2
2 + τ 2

B) (E (p2|zj, y, q1)− p1)

(b2 + e2)2 γ
+
τ 2
θ b

2
2 (zj − E (q2|zj, y, q1))

(b2 + e2) γ
, (47)

a weighted sum of the trader’s expected price change between period 1 and 2 and her expected

demand in period 2. I refer to the first term as the myopic component and the second term

as the hedging component of demand.

Just as in Case 1, I have to find b2,b1, c2, c1, e2, e1 and g2, which ensure that the price

functions coincide with their respective conjectures. The next proposition follows.

Proposition 7 Suppose that the system

δ2τ
2
θ

b2

γ
= τ2 (48)

δ1
µ (τ 2

BbB + τ 2
θ b

2
2) + (1− µ) τ 2

AaA
γ (e2 + b2)

= τ1, (49)

µ (τ 2
BbB + τ 2

θ b
2
2)

µ (τ 2
BbB + τ 2

θ b
2
2) + (1− µ) τ 2

AaA
= φ, (50)

has a fixed point τ ∗1 , τ
∗
2 , φ

∗. Then there is a linear RE equilibrium. In this equilibrium price

and demand in period 2 is given by (21),(23)and (24)-(27) and

p1 =
a1 (θA + θC) + b1 (θB + θC) + c1y − u1

e1

and

di1 = aAx
i + cAy − eAp1 (51)

dj1 = bBx
i + cBy − eBp1 (52)

where

(1− µ) aA = a1 (53)

µbB = b1

(1− µ) cA + µcB = c1

(1− µ) eA + µeB = e1 (54)
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and

bB =
τ 2
BbB + τ 2

θ b
2
2

γ (e2 + b2)
(55)

aA =
τ 2
AaA

γ (e2 + b2)
(56)

and cA, cB, eA, eB can also be written as analytical functions of the parameters and τ1, τ2, φ

only. Furthermore, all coefficients are calculated at τ1 = τ ∗1 and τ2 = τ ∗2 and φ = φ∗

3.3.2 Trading volume

In the second period, by the same analysis as in case 1, the equilibrium demand of each trader

is described by (31) and the volume in the second period is described by (37). For demand

and expected volume in the first period, observe that from (51)-(52) and the definition of q1

di1 = aAx
i + y

(
cA − eA

c1

e1

)
− eA

q1 (a1 + b1)

e1

=

= aAε
i +

[
a1

(
1

(1− µ)
− eA

e1

)
(θA + θC)− eA

b1

e1

(θB + θC) + y

(
cA − eA

c1

e1

)]
+

eA
e1

u1,

dj1 = bBx
i + y

(
cB − eB

c1

e1

)
− eB

q1 (a1 + b1)

e1

= (57)

= bBε
j +

[
b1

(
1

µ
− eB

e1

)
(θB + θC)− eB

a1

e1

(θA + θC) + y

(
cB − eB

c1

e1

)]
+

eB
e1

u1 (58)

and, consequently,

V1 =

√
1

2π
(1− µ)

(aA)2

α
+


(

a1
(1−µ)+cA−

eA
e1

(a1+c1)
)2

+
(
cA−eA

c1+b1
e1

)2
κ

+(
a1

(1−µ)−
eA
e1

(a1+b1+c1)+cA

)2
ω

+

(
cA−eA

c1
e1

)2
β

+

(
eA
e1

)2

δ1


1
2

+

+

√
1

2π
µ

(bB)2

α
+


(

b1
µ

+cB−
eB
e1

(b1+c1)
)2

+
(
cB−eB

c1+b1
e1

)2
κ

+

+

(
b1
µ
− eB

e1
(a1+b1+c1)+cB

)2
ω

+

(
cB−eB

c1
e1

)2
β

+

(
eB
e1

)2

δ1


1
2

.

Unlike in Case 1, equilibrium demand does depend on the realization of aggregate random

variables. The reason is that in period 1, A-traders’ and B-traders’ demand react differently

to each piece of information. This is so because both the joint distribution of signals in each

trader’s information set and the trading horizon differ across groups. As a consequence, apart
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from the risk-sharing and speculative parts of trades defined in Case 1, there is also trade

across groups. This latter part of equilibrium demand and expected volume is in squared

brackets in each expression. Note that the population weighted average of the terms in the

squared brackets is 0.

Speculative realized volume separates the within-group part of trade:

V S
1 =

1

2

(∫ ∣∣di1∣∣ di+

∫ ∣∣dj1∣∣ di) |θA=θB=θC=β=u1=0 =

√
1

2π

1√
α

((1− µ) |aA|+ µ |bB|) .

Our measures for the information content of prices remain similar to case 1.

C1 ≡
1

var (q1|θA + θC)
= τ 2

1 = δ2
1 (a1 + b1)2 (59)

C2 ≡
1

var (q2|θB + θC)
= τ 2

2 = δ2
2b

2
2. (60)

Just as before, it is useful to establish the following result.

Proposition 8 In the limit κ→∞, there is a unique equilibrium where

b2 = α
δ2

γ

a1 = (1− µ)
α

γ
δ1

αδ2
2

γ2 + αδ2
2

b1 = µ
α

γ
δ1.

Thus
∂bt
∂β

=
∂a1

∂β
=
∂Ct

∂β
=
∂VS

t

∂β
= 0

for t = 1, 2.

The proposition shows that under the standard information structure, even if traders with

heterogeneous horizon coexist, more public information has no effect on trading intensities,

the information content of trade or speculative volume. Numerical simulations (not shown)

show that the effect on total expected volume also diminishes as κ→∞.
I analyze the equilibrium in the general case with the help of Figures 4-9. In each panel

of each figure, the x-axis shows the amount of public information measured by β and four

curves correspond to different fractions of long-horizon traders in period 1, µ. The thicker

the line, the larger the fraction of long-horizon traders.23

23The discontinuity on each curve corresponding to µ = 0.01 shows the only identified segment of the
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The top panels on Figure 5 show the trading intensities of A-traders and B-traders in

the first period, and the top and middle panels on Figure 4 show the total trading intensity

in period 1 and B-traders trading intensity in the second period respectively. First I turn

to the question how the increasing share of long-horizon traders in period 1 affect trading

volume. Trading intensity of A-traders is shown on the North-West panel of Figure 5. It

changes with public information the same way as in Case 1. It decreases in β in absolute

value as long as β < κ2

ω
and increases in absolute value when β > κ2

ω
. B-traders’ trading

intensity in the second period is shown on the top panel of Figure 4. It decreases in public

information as long as their fraction in the economy is large. However, when µ is small, as in

Case 1, B-traders’ trading intensity decreases in β if β < κ2

ω
, and increases otherwise. This is

consistent with the observation that Case 2 is close to Case 1 if µ is small. Trading intensity

of B-traders in the first period is shown on the North-East panel of Figure 5. Interestingly,

it increases in public information for any β. This is surprising because the intuition shown in

Section 2 do not apply for B -traders. If B-traders in period 1 were to forecast the forecast

of the average B-trader in period 2, the dispersion in their forecasts would decrease in the

amount of public information, because (6) would not hold. The correlation between the

private information set of B-traders in period 1 and the average B-trader in period 2 is

high. To understand the intuition, I decompose the trading intensity bB on Figure 5 as

follows. The term
τ2θ b

2
2

γ(e2+b2)
is the hedging component of the trading intensity. The bottom

left panel on Figure 5 shows that this component is decreasing in β. The term
τ2BbB
γ

is the

numerator in the myopic component of the trading intensity in (47). Comparing this term

to equilibrium value of b2 shows that this term would be the trading intensity, if the true

value were to realize in period 2 instead of period 3. The bottom right panel on Figure 5

shows that this term is also decreasing in β. Thus, trading intensity bB increases in β solely

because of the remaining term, 1
b2+e2

, the numerator of the myopic component. Note that

this term is the inverse of the sensitivity of p2 to the fundamental. Intuitively, as public

information increases, the second period price is more correlated to the fundamental, so in

the first period all traders can estimate p2 with more certainty. While, this effect is not

sufficient to influence the sign of the derivative of aA with respect to public information, it

switches that of bB.

The analysis of measures of volume is illustrated by Figure 6. As my focus is the effect of

changing share of long-horizon traders, µ, on the effect of public announcements on volume,

I report the public information elasticity of the two volume measures. Just as before, in

parameter space where problem (48)-(50) does not have a fixed point. Consequently the equlibrium does
not exist. Figure 4 illustrates the reason for this. As it apperent on the top and bottom panels, this segment
corresponds to a zero-measure set of parameters such that sufficiently close to this set µb1 + (1− µ)a1 → 0
so φ→ ±∞.
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each panel the amount of public information is on the x-axis and each of the four curves

correspond to a different fraction of long-horizon traders in period 1, µ. The top and bottom

panels show the elasticity of speculative and expected volume respectively.

Consider speculative volume first. It is apparent that in a weakly correlated information

structure, the larger the fraction of short-term traders, the larger the response in speculative

volume. That is, when public announcement polarize A-traders price forecast, then their

percentage response is much larger than that of B-traders. While I find this result numeri-

cally robust to any change in parameters, analytically I prove the weaker statement that it

holds for the direct effect when τ1, τ2, φ are held constant.

Lemma 2 Holding τ1, τ2, φ fixed, the public information elasticity of speculative volume is

decreasing in the fraction of long-horizon traders (B-traders) in period 1:

∂
∂V S1
∂β

β
V S1

∂µ
|τ1=τ̄1,τ2=τ̄2,φ=φ̄ < 0.

Turning to expected total volume, the bottom panel on Figure 6 shows that the qualitative

results are the same as with our first measure. The public information elasticity of expected

volume decreases in the fraction of long-term traders, if β is sufficiently large.

3.3.3 Volatility of prices

Similar to case 1, the coefficients b2

e2
, a1

e1
, b1

e1
show the price effects of the part of fundamentals

which agents have private information on, the coefficients 1
e2
, 1
e1

show the price effect of

supply shocks while c2
e2
, c1

e1
show price effect of public information. The definition of price

volatility in the second period is still given by (40). The definition in the first period changes

to

Σ1 ≡ var (p1|y) =

[(
a1

e1

)2

+

(
b1

e1

)2
]

1

κ
+

(
a1

e1

+
b1

e1

)2
1

ω
+

1

(e1)2 δ1

.

As in case 1, it is useful to start with the standard information structure. The next

Proposition shows that the coexistence of A and B traders does not change the conclu-

sion that the standard information structure is inconsistent with volatility-generating public

announcements.

Proposition 9 In Case 2, in the limit κ→∞, price coefficients b2

e2
, b1

e1
, c2
e2
, c1
e1
, 1
e2
, 1
e1

inherit

all the properties of Case 1 described in Proposition 5. Also, price in period 1 is positively

affected by the average information of A traders and this effect decreases in the precision of
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public information. That is,
a1

e1

> 0,
∂ a1

e1

∂β
< 0.

Thus, just as in Case 1,
∂Σ1

∂β
,
∂Σ2

∂β
< 0.

I proceed with the numerical analysis of the general case. In Figures 8-9 I plot the

relevant equilibrium coefficients, and Figure 7 depicts our volatility measures. It is apparent

that only when the share of long-horizon traders is sufficiently low, that is, the structure is

sufficiently close to Case 1, does volatility in period 1 increases with the amount of public

information in any range of the parameter space. This illustrates that the assumption of

heterogeneous trading horizons is essential for this result.

3.3.4 New empirical predictions

The analysis of Case 2 of our model provides additional empirical predictions to test the

presented theory.

First, there are widely used empirical proxies to measure the heterogeneity in trading

horizon in the investor base of different stocks (e.g. Wahal and McConnell (2000) and Gaspar

et al. (2005)). 24 If a larger share of short-horizon traders in the investor base were found to

be connected to larger volume and inflow of information responses to announcements, this

would be an evidence consistent with the predictions shown in the previous section. I am

not aware of any existing studies on such connection.

An alternative empirical strategy is to rely on natural experiments when the character-

istics of the investor base of a given asset changes abruptly and significantly. Cross-listings

of stocks can potentially provide such a natural experiment. As an example, Bailey, Karolyi

and Salva (2005) focus on the trading volume and return volatility of stocks around earning

announcements before and after these stocks were cross-listed on NYSE. They find that both

volatility and volume response increases after the announcement. They find a larger effect for

those stocks which were originally listed in the exchange of a developed economy as opposed

to an emerging economy exchange. Using a large number of controls, they conclude that

this effect must be implied by the change in the informational environment due to the cross-

listing. However, they cannot explain their findings with the existing theoretical models and

24Recent empirical work has found that more short-term investors affect the quality of accounting disclo-
sure, R&D spending, mergers and acquisitions and trade-off between, dividends and repurchases, less equity
issue and less investment. (see Bushee (1998), Gaspar, Massa, and Matos (2005), and Derrien, Kecskés and
Thesmar (2009)).
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call it a puzzle. Although this work is not a direct test of our model, I argue that their

finding is consistent with the proposed theory. Consider case 2 of the model and Figure 6.

Although cross-listing changes a range of characteristics of the trading environment of firms,

for our purposes think of cross-listing as an increase in the heterogeneity of the investors

base or, equivalently, a drop in the level of integration of the market of the asset. That

is, µ jumps. Figure 6 shows that this jump should increase the volume response to public

announcements regardless of the volatility measure as long as the prior public information,

β is sufficiently high. Figure 7 shows that this jump might result in an increase in the price

volatility response to earning announcements. Regarding the difference between emerging

market firms and developed market firms, a reasonable assumption is that while cross-listing

increases the amount of disclosed public information prior to the announcement for both

firms, emerging market firms will be less transparent both before and after cross-listing.

While our model does not provide a clear prediction on this comparative static, it is easy to

see that there are scenarios under which it would provide the same results as the empirical

evidence.

4 Conclusion

In this paper, I have shown that in Gaussian information structures where the connection

between private signals is sufficiently weak, a public announcement leads to polarized higher-

order expectations regardless of the content of the announcement. I illustrated the economic

relevance of this properties by a noisy rational expectations model of financial markets.

I have shown that these properties can explain stylized facts of trading patterns around

announcements like high trading volume, more informative and more volatile prices.

I believe that the observation that public information might polarize higher-order expec-

tations without polarization in first-order expectations has further economic implications in

a wide range of contexts. As another example, in a companion paper, Kondor (2009), I ana-

lyze a version of the speculative currency attack model of Morris and Shin (1998) where the

central bank has imperfect knowledge of the state of the economy. To assess the probability

of a devaluation, speculators have to second guess the expectation of the central bank. I

show that the fact that a public announcement can polarize higher-order expectations im-

plies that generating and disclosing more public information can destabilize the exchange

rate system.

As regards further research, empirical analyzes on the relative effect of announcements on

trading patterns and price informativeness across assets and markets with different charac-

teristics (e.g. degree of heterogeneity in the investor base, frequency of announcements, the
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importance of private information) could help to establish the importance of the presented

mechanism relative to others.

References

Acemoglu, Daron, Victor Chernozhukov, Muhamet Yildiz, 2009. Fragility of Asymptotic

Agreement under Bayesian Learning, MIT, mimeo.

Angeletos, George-Marios, Alessandro Pavan, 2007. Efficient Use of Information and

Social Value of Information, Econometrica 75, 1103-1142.

Angeletos, George-Marios, Iván Werning, 2006. Crises and Prices: Information Aggre-

gation, Multiplicity and Volatility, American Economic Review, 96, 1720-1736.

Angeletos, George-Marios, Guido Lorenzoni, Alessandro Pavan, 2007. Wall Street and

Silicon Valley, MIT, mimeo.

Allen, Franklin, Stephen Morris, Hyun Song Shin, 2006. Beauty Contests, Bubbles and

Iterated Expectations in Asset Markets, Review of Financial Studies 19, 161-171.

Bailey, Warren , G. Andrew Karolyi, Carolina Salva, 2006. The economic consequences

of increased disclosure: Evidence from international cross-listings, Journal of Financial Eco-

nomics, 81(1), 175-213.

Bamber, Linda S., 1987. Unexpected Earnings, Firm Size, and trading Volume Around

Quarterly Earnings Announcements, Accounting Review,62, 510-532.

Banerjee, Snehal, Ron Kaniel, Ilan Kremer, 2009. Price Drift as an Outcome of Differ-

ences in Higher Order Beliefs, Review of Financial Studies, forthcoming.

Banerjee, Snehal and Ilan Kremer, 2010. Disagreement and Learning: Dynamic Patterns

of Trade, Journal of Finance, 2010, 65(4):1269-1302.

Beaver, William H., 1968. The Information Content of Annual Earnings Announcements,

Journal of Accounting Research, Suppl. to vol 6, 67-90.

Biais, Bruno and Peter Bossaerts, 1998. Asset Prices and Trading Volume in a Beauty

Contest, Review of Economic Studies, 65 (2): 307-340.

Biais, Bruno, Peter Bossaerts, and Chester Spatt, 2010. Equilibrium Asset Pricing and

Portfolio Choice Under Asymmetric Information, Review of Financial Studies, 23(4): 1503-

1543.

Brown, David P., Robert H. Jennings, 1989. On Technical Analysis, Review of Financial

Studies, 2(4), 527-551.

Bushee, Brian J. 1998. The Influence of Institutional Investors on Myopic R&D Invest-

ment Behavior, Accounting Review, 73(3), 305-333.

35



Chae, Joon, 2005. Trading Volume, Information Asymmetry, and Timing Information,

Journal of Finance, 60, 413–442

Derrien, Francois, Ambrus Kecskés, David Thesmar, 2009. Investor Horizons and Cor-

porate Policies, HEC, mimeo.

Diamond, Douglas, Verrecchia, Robert E., 1981. Information Aggregation in a Noisy

Rational Expectations Economy, Journal of Financial Economics, 9, 221-235.

Dixit, Avinash K., Jörgen W. Weibull, 2007. Political Polarization, PNAS, 104, 7351-

7356.

Evans, Martin D., Richard K. Lyons, 2001. Why order flow explains exchange rates,

Berkeley, mimeo.

Evans, Martin D., Richard K. Lyons, 2008. How is Macro News Transmitted to Exchange

Rates?,Journal of Financial Economics,88, 26-50.

Fleming, M., Remolona, E., 1999. Price Formation and Liquidity in the US Treasury

Market, Journal of Finance, 54, 1901-1915.

Froot, Kenneth A., Dabora, Emil M., 1999. How are stock prices affected by the location

of trade? Journal of Financial Economics 53 (August), 189–216.

Froot, Keneth D., David Scharfstein, Jeremy Stein, 1992. Herd on the Street: Infor-

mational Inefficiencies in a Market with Short-term Speculation, Journal of Finance, 47,

1461-84.

Gaspar, Jose-Miguel, Massimo Massa and Pedro Matos, 2005. Shareholder Investment

Horizons and the Market for Corporate Control, Journal of Financial Economics, 76(1),

135-165.

Goldstein, Itay, Emre Ozdenoren, Kathy Yuan, 2008, Learning and Strategic Comple-

mentarities: Implications for Speculative Attacks, University of Pennsylvania, mimeo.

Green, T. Clifton, 2004. Economic News and the Impact of Trading on Bond Prices

Journal of Finance, 59(3), 1201-1233.

Grossman, Sandford, Stiglitz, Joseph E., 1980. On the Impossibility of Informationally

Efficient Markets, American Economic Review, 70, 393-408..

Harris, Milt, Arthur Raviv, 1993. Differences of Opinion Make a Horse Race, Review of

Financial Studies, 6, 473-506.

Harrison, M., and D. Kreps, 1978, Speculative Investor Behavior in a Stock Market with

Heterogeneous Expectations, Quarterly Journal of Economics, XCII, 323-36.

He, Huang, Jiang Wang, 1995. Differential Information and Dynamic Behavior of Stock

Trading Volume, Review of Financial Studies, 8(4), 919-972.

Hellwig, Christian, 2002. Public Announcements, Adjustment Delays and the Business

cycle, UCLA, mimeo.

36



Hellwig, Christian, Arijit Mukerji, Aleh Tsyvinski, 2006. Self-fulfiling Currency Crises:

the Role of Interest Rates, American Economic Review, 96, 1769-1787.

Hellwig, Martin F., 1980. On the Aggregation of Information in Competitive Markets,

Journal of Economic Theory, 22, 477-498.

Holmstrom, Bengt and Joan Ricart I Costa, 1986. Managerial Incentives and Capital

Management, Quarterly Journal of Economics, 101(4), 835-860.

Hotchkiss, Edith S. and Deon Strickland, 2003. Does Shareholder Composition Matter?

Evidence From the Market Reaction to Corporate Earnings Announcements, Journal of

Finance 58, 1469-1498

Kandel, E., Pearson, N. D., 1995. Differential Interpretation of Public Signals and Trade

in Speculative Markets, Journal of Political Economy, 103(4), 831-872.

Ke, Bin, and Kathy Petroni, 2004, How informed are actively trading institutional in-

vestors? Evidence from their trading behavior before a break in a string of consecutive

earnings increases, Journal of Accounting Research 42, 895-927.

Kim, Oliver, Robert E. Verrecchia, 1991. Trading Volume and Price Reactions to Public

Announcements, Journal of Accounting Research, 29(2), 302-321.

Kim, Oliver and Robert E. Verrecchia, 1997. Pre-announcement and Event-period Pri-

vate Information. Journal of Accounting and Economics, 24, 395-419.

Kondor, Peter, 2009. The More We Know, the Less We Agree: Uncertainty, Confusion

and Speculative Attacks, Central European University, mimeo.

Krinsky, Itzhak and Jason Lee, 1996. Earnings Announcements and the Components of

the Bid-Ask Spread, Journal of Finance, 51(4), 1523-1535.

Love, Ryan, Richard Payne, 2008. Macroeconomic News, Order Flows, and Exchange

Rates, Journal of Financial and Quantitative Analysis, 43(2), pp. 467-488.

Lyons, Richard, 2001. The Microstructure Approach to Exchange Rates, MIT Press.

Makarov, Igor, and Oleg Rytchkov, 2007. Forecasting the Forecasts of Others: Implica-

tions for Asset Pricing, Working Paper, University of Texas at Austin.

Milgrom, Paul and Nancy Stokey, 1982. Information, trade and common knowledge,

Journal of Economic Theory, 26(1), 17-27.

Morris, Stephen, 1996. Speculative Investor Behavior and Learning, Quarterly Journal

of Economics 111 , 1111-1133.

Morris, Stephen, Hyun Song Shin, 1998. Unique Equilibrium in a Model of Self-Fulfilling

Currency Attacks, American Economic Review, 88, 587-597.

Morris, Stephen, Hyun Song Shin, 2002. The Social Value of Public Information, Amer-

ican Economic Review, 92, 1521-1534.

Pulatkonak, Melek and George Sofianos, 1999. The Distribution of Global Trading in

37



NYSE-Listed Non-U.S. Stocks, NYSE Working Paper 99-03.

Rabin, Matthew, Joel L. Schrag, 1999. First Impressions Matter: A Model of Confirma-

tory Bias, Quarterly Journal of Economics,114, 37-82.

Rosenthal, Leonard, Young, Colin, 1990. The seemingly anomalous price behavior of

Royal Dutch/Shell and Unilever N.V./PLC. Journal of Financial Economics 26, 123–141.

Santos, Manuel S., Michael Woodford, 1997. Rational Asset Pricing Bubbles, Economet-

rica, Vol. 65, No. 1 (Jan., 1997), pp. 19-57

Scheinkman, Jose and Wei Xiong, 2003. Overconfidence and speculative bubbles, Journal

of Political Economy 111, 1183-1219.

Shleifer, Andrei and Robert W. Vishny, 1990. Equilibrium Short Horizons of Investors

and Firms, American Economic Review, P&P, 80(2), pp. 148-153.

Tirole, Jean, 1985. Asset Bubbles and Overlapping Generations, Econometrica, 53(5),

1071-1100.

Varian, Hal R., 1989. Differences of Opinion in Financial Markets in C. Stone (eds): Fi-

nancial risk: theory, evidence and implications, proceedings of the eleventh annual economic

policy conference of the Federal Reserve Bank of St. Louis, Kluwer, Boston pp. 3-37.

Vives, Xavier, 1995. Short-term investment and the informational efficiency of the mar-

ket, Review of Financial Studies, 8(1), 125-160.

Vives, Xavier, 2008. Information and Learning in Markets: The Impact of Market Mi-

crostructure, Princeton University Press.

Wahal, Sunil and John J. McConnell, 2000. Do institutional investors exacerbate man-

agerial myopia?, Journal of Corporate Finance, Vol. 6, No. 3, 307-329.

Woodford, Michael, 2003. Imperfect Common Knowledge and the Effects of Monetary

Policy, in P. Aghion, R. Frydman, J. Stiglitz and M. Woodford (eds) Knowledge, information

and expectations in modern macroeconomics: In honor of Edmund S. Phelps, Princeton

University Press, Princeton, pp 25-58.

Yan, Xuemin, and Zhe Zhang, 2009. Institutional investors and equity returns: Are

short-term institutions better informed?, Review of Financial Studies 22, 893-924.

Ziebart, David A., 1990. The Association Between Consensus of Beliefs and trading

Activity Surrounding Earnings Announcements, Accounting Review, 65, 477-488.

38



Appendix: Proofs

A.1 Proof of Proposition 1

Note that

Ē
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θ|zj, y

)
=
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ω

] [ 1
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2
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+ 1
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+ 1
β

]−1 [
θB + θC

y

]

=
β (κ2 + ακ+ αω + 2κω) y + (θB + θC)ακ (κ+ ω)

ακ2 + κ2β + κ2ω + ακβ + ακω + αβω + 2κβω

and

E
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2
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+ 1
ω

+ 1
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]−1 [
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y

]
=

=
β (κ+ ω) (α + κ) y + xiα (κ2 − βω)

ακ2 + κ2β + κ2ω + ακβ + ακω + αβω + 2κβω
,

E
(
Ē
(
θ|zj, y

)
|xi, y

)
− Ē

(
Ē
(
θ|zj, y

)
|xi, y

)
=

= α2κ (κ+ ω)
(
κ2 − βω

) εi

(ακ2 + κ2β + κ2ω + ακβ + ακω + αβω + 2κβω)2 .

By the property of folded normal distributions,

∂
∫
j

∣∣E (Ē (θ|zj, y) |xi, y
)
− Ē

(
Ē (θ|zj, y) |xi, y

)∣∣ dj
∂β

=

=

∂

∣∣∣∣ α2κ(κ+ω)(κ2−βω)
(ακ2+κ2β+κ2ω+ακβ+ακω+αβω+2κβω)

∣∣∣∣√ 2
απ

∂β
=

=

√
2

απ

−α2κ2 (α + κ) (κ+ ω)3

(ακ2 + κ2β + κ2ω + ακβ + ακω + αβω + 2κβω)2 sgn
(
κ2 − βω

)
which proves the statement.

A.2 Proof of Proposition 2

From (19) and (17), market clearing implies

p2 = b2 (θB + θC) + c2y + e2q2 + g2q1 −
γ

τ 2
θ

u2.
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From (15), this is equivalent to

q2b2 + c2y + g2q1

e2

= b2 (θB + θC) + c2y + e2q2 + g2q1 −
γ

τ 2
θ

u2

or

b2 (θB + θC)− u2 + c2y + g2q1

e2

= b2 (θB + θC) + c2y + e2

(
(θB + θC)− u2

b2

)
+ g2q1 −

γ

τ 2
θ

u2.

This expression has to hold for any realizations of each random variable. This holds for any

η , u1, θB + θC , u2 if and only if

c2

e2

= c2,

g2

e2

= g2

b2

e2

= b2 + e2

1

e2

=
γ

τ 2
θ

+
e2

b2

,

respectively. Combining these equations give expressions (24)-(27), which in turn imply (23).

Using the same expressions I also get (21) as

dj2 =
τ 2
θ

γ

(
b2z

j + c2y + e2q2 + g2q1 − p2

)
=
τ 2
θ

γ
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b2z
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τ 2
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τ 2
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q2

)
= b2

(
zj − q2

)
.

Expression (87) is implied by the definition of τ1 and (24). The same steps give all the

corresponding expressions for period 1.

Note that the proposition gives all the equilibrium objects in terms of b2, c2, e2, g2,a1, c1, e1, τ
2
θ , τ

2
q .

These coefficients are determined by the Projection Theorem using the observations that that

covariance matrix of [zj, y, q1, q2], and its covariance with the fundamental value, θ are
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, respectively, while the covariance matrix of [xi, y, q1] and its covariance with the second

40



period price signal q2 are
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,respectively.. Thus, all the equilibrium are functions of the primitives and τ1 and τ2 only.

Consequently, for existence I only have to prove that equilibrium values for τ1 and τ2 ex-

ist. Using the explicit expressions for b2, e2, a1, τ
2
θ , τ

2
q , (87)-(30) define this as a fixed point

problem
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.

The problem simplifies, if I rewrite this as a fixed point problem in the space of [τ1, τ2, Y ]

where

τ2 = δ2α
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) κ+ ω
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(63)

define the fixed point. Let the left hand side of each of these equations be called F2 (τ2, τ1) , F1 (τ2, τ1, Y )

and FY (τ2, τ1), respectively. Also, let Ŷ ≡ FY (τ2, τ1) and τ̂2 (τ1) , τ̂1 (τ2, Y ) implicitly defined

as

τ̂2 ≡ F2 (τ̂2, τ1)

τ̂1 ≡ F1 (τ2, τ̂1, Y )

By the Implicit Function Theorem, it is easy to check that ∂τ̂2
∂τ1

> 0. Thus, for any τ1, Y, τ̂2 ≤
τmax

2 where τmax
2 is defined as

τmax
2 = lim

τ1→∞
τ̂2 (τ1, Y ) .
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By simple derivation, ∂Ŷ
∂τ21

> 0 and ∂Ŷ
∂τ22

< 0. Thus, for any τ2, τ1, Y
min ≤ Ŷ ≤ Y max where

Y min = lim
τ2→0

lim
τ1→∞

FY (τ2, τ1) =
κ2 + 2ακ+ αβ + κβ + αω + κω + βω

(κ+ ω) (κ+ β)

Y max = lim
τ1→0

lim
τ2→∞

FY (τ2, τ1) = (κ+ ω)
κ+ β

κ2 + 2ακ+ αβ + κβ + αω + κω + βω

Finally, by the Implicit Function Theorem, whenever κ2 > βω, ∂τ̂1
∂τ2
, ∂τ̂1
∂Y

> 0, while whenever

κ2 < βω, ∂τ̂1
∂τ2
, ∂τ̂1
∂Y

< 0. Thus, if τmax
1 is defined as the unique solution of

Y maxα
κ2 − βω

γ (κ+ ω)
(
κ+ (τmax

1 )2) = τmax
1

then for any τ2 and Y, τ̂1 ∈ [0, τmax
1 ] when κ2 > βω and τ̂1 ∈ [τmax

1 , 0] when κ2 < ωβ.

Consequently, if the space S is defined as

[0, τmax
1 ]X [0, τmax

2 ]X
[
Y min, Y max

]
,and as

[τmax
1 , 0]X [0, τmax

2 ]X
[
Y min, Y max

]
in the case of κ2 > ωβ and κ2 < ωβ respectively, then the system (61)-(63) maps S to

itself and S is a closed convex set. Thus, there is there exist a fixed point, [τ ∗1 , τ
∗
2 , Y

∗] of

the system (61)-(63), by the Brower Fixed Point Theorem. Then, I conclude that as long

as the denominator of the equilibrium objects described in the proposition are not-zero the

equilibrium exists. It is easy to check that this criteria excludes at most a zero measured set

of the parameter space.

A.3 Proof of Proposition 3

The result is a consequence of Proposition 2 the fact that

τ ∗2 = α
δ2

γ

τ ∗1 = α2δ1
δ2

2

γ (γ2 + αδ2
2)
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is the fixed point of the system

lim
κ→∞

F2 (τ2, τ1) = τ2

lim
κ→∞

F1 (τ2, τ1, FY (τ2, τ1)) = τ1.

A.4 Proof of Lemma 1 and Proposition 4

Substituting in FY and reorganizing F1 (FY (τ1) , τ2, τ1) = τ1 and F2 (τ2, τ1) = τ2 as polynoms

in τ1 and τ2 respectively, check that in any equilibrium (τ ∗1 , τ
∗
2 ) has to solve

0 ≡ G1

0 ≡ G2

where
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Note that for any fixed τ1 G2 is a monotonically increasing function with a single root. Also
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> 0

where τ̂2 (τ1) is defined as in the Proof of Proposition 2.
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Also, by the implicit function theorem
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Suppose that at a given point
∂τ∗1
∂β

and
∂τ∗2
∂β

exists. Clearly,
∂τ∗1
∂β

= 0 is possible only if
∂G1

∂β
= 0, but then

∂τ∗2
∂β

= 0 also. If
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6= 0, then
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=
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This proves Lemma 1.

For Proposition 4, consider the next Lemma first.

Lemma 3 For any β ≥ κ2

ω
, ∂G1

∂β
|τ1=τ∗1

> 0

Proof. Consider G1. It is clear that Z1, Z2,
∂Z2

∂β
, ∂Z1

∂β
> 0 and

∂G1

∂β
= γτ1 (κ+ ω)

(
τ 2

1 + κ
) (
τ 2

2 + α
) ∂Z2

∂β
+ ατ 2

2ωZ1 + ατ 2
2

(
βω − κ2

) ∂Z1

∂β
=

= ατ 2
2

(
κ2 − βω

) Z1

Z2

∂Z2

∂β
+ ατ 2

2ωZ1 + ατ 2
2

(
βω − κ2

) ∂Z1

∂β
=

=

(
ατ22Z1(κ+τ22 )(κ+ω)2(α+κ+τ21 )

(τ21 +τ22 +α+β+ω)κ2+(2τ21 τ
2
2 +αβ+αω+2βω+2ατ22 +βτ21 +βτ22 +ωτ21 +ωτ22 )κ+(β(τ21 τ22 +αω+ατ22 +ωτ21 +ωτ22 )+ωτ22 (α+τ21 ))

)
+

+ ατ 2
2

(
βω − κ2

) ∂Z1

∂β
> 0

where I used the equilibrium condition τ1 = F1.

Note that 0 ≡ G2 has a single solution τ̂2 for any τ 2
1 , and 0 ≡ G2 will have at least

one solution τ̂1 for given τ2, but might have more than one. However, when βω = κ2, then

τ̂1 = 0 is the only solution of 0 ≡ G1. Thus, the system has a unique fixed point where

τ ∗1 = 0, τ ∗2 > 0.
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Note that τ̂2 is continuous in ω and τ1. Thus, τ ∗2 is also continuos in ω as long as τ̂1 is

continuous in ω. Also, as G2 is a 5-th order polynomial in τ1 a necessary condition for τ̂1 to

be discontinuous at a given point is that ∂G1

∂τ1
= 0 at that point.

Consider the point ω = κ2

β
where τ ∗1 = 0 and τ ∗2 > 0. It is simple to check that at that

point ∂G1

∂τ1
> 0, ∂G2

∂τ1
= 2τ1

∂G2

∂τ21
= 0, ∂G2

∂τ2
> 0 ∂G1

∂τ2
= 0. As from Lemma 3, ∂G1

∂β
> 0, at this

point
∂τ∗1
∂β

< 0 and
∂τ∗2
∂β

= 0. Also, the fact that ∂G1

∂τ1
> 0, ∂G1

∂τ1

∂G2

∂τ2
− ∂G1

∂τ2

∂G2

∂τ1
> 0 and both are

continuous in ω at that point, imply that there is an open set around ω = κ2

β
that within

this set τ ∗1 , τ
∗
2 are continuous functions of ω and continuously differentiable in β. Define

ωmin, ωmax in a way that the set
(
ωmin, ωmax

)
is the largest such open set around ω = κ2

β
.

Then by definition ∂G1

∂τ1

∂G2

∂τ2
− ∂G1

∂τ2

∂G2

∂τ1
cannot change sign within this set. Also, as β > κ2

ω

implies τ1 < 0, ∂G2

∂τ1
= 2τ1

∂G2

∂τ21
< 0 in this region, while ∂G2

∂τ2
> 0, from Lemma 3, the second

statement holds.

A.5 Proof of Proposition 5

The result comes from a series of mechanical calculations. In particular,

lim
κ→∞

b2

e2

=
α + τ 2

2

α + β + ω + τ 2
1 + τ 2

2

lim
κ→∞

a1

e1

=
α2 + τ 4

1 + τ 2
1 τ

2
2 + 2ατ 2

1 + ατ 2
2 + βτ 2

1 + ωτ 2
1

(α + β + ω + τ 2
1 ) (α + β + ω + τ 2

1 + τ 2
2 )

lim
κ→∞

e1 = τ 2
2

(
α + β + ω + τ 2

1 + τ 2
2

)
α

α + β + ω + τ 2
1

(α + τ 2
2 ) (α2 + τ 4

1 + τ 2
1 τ

2
2 + 2ατ 2

1 + ατ 2
2 + βτ 2

1 + ωτ 2
1 )

lim
κ→∞

e2 = α
α + β + ω + τ 2

1 + τ 2
2

α + τ 2
2

lim
κ→∞

c2

e2

=
β

α + β + ω + τ 2
1 + τ 2

2

lim
κ→∞

c1

e1

= β
2α + β + ω + τ 2

1 + τ 2
2

(α + β + ω + τ 2
1 ) (α + β + ω + τ 2

1 + τ 2
2 )
.

As I already showed that τ1 and τ2 are insensitive to β in this limit, the partial derivatives

of these expressions with respect to β give all the results.

A.6 Proof of Proposition 6

I start with the analysis of the relevant equilibrium objects when β = ω
κ2
. At this point,

τ ∗1 = 0, τ ∗2 > 0 and given as the unique root of

δ2ακ
κ+ ω

γ (κ2 + ακ+ αω + 2κω + κτ 2
2 + ωτ 2

2 )
= τ2.
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Also, as I showed in the proof of Proposition 4, at this point τ ∗1 and τ ∗2 are continuously

differentiable in β at this point and
∂(τ∗1 )

2

∂β
=

∂(τ∗2 )
2

∂β
= 0. Therefore, at this point, as β

changes each equilibrium objects changes only by the direct effect of β. I am interested in

the properties of e1 and a1

e1
near this point. As

lim
τ1→0

a1

e1

= lim
τ1→0

((e2 + b2) (a1 + e1) + g2) =

=
α(κ2−βω)κ(κ+ω)(α+τ22 )

(κ2τ22 +ακ2+κ2β+κ2ω+κβτ22 +κωτ22 +βωτ22 +ακβ+ακω+αβω+2κβω)(ακ2+κ2β+κ2ω+ακβ+ακω+αβω+2κβω)

and

∂
(κ2−βω)ακ(κ+ω)(α+τ22 )

(κ2τ22 +ακ2+κ2β+κ2ω+κβτ22 +κωτ22 +βωτ22 +ακβ+ακω+αβω+2κβω)(ακ2+κ2β+κ2ω+ακβ+ακω+αβω+2κβω)

∂β
|κ2
ω

=β
=

= −ω ακ(κ+ω)(α+τ22 )
(κ2τ22 +ακ2+κ2β+κ2ω+κβτ22 +κωτ22 +βωτ22 +ακβ+ακω+αβω+2κβω)(ακ2+κ2β+κ2ω+ακβ+ακω+αβω+2κβω)

< 0

I conclude that
∂
∣∣∣a1

e1

∣∣∣
∂β
|κ2=β > 0.

This implies the first part of the statement. Also, using the expression for e1 and the

observation that

e1 + a1

a1

=
α + τ 2

1

α

g2

e2 + b2

= τ 2
1

α + κ+ τ 2
2

(κ+ τ 2
1 ) (α + τ 2

2 )

I rewrite it as

e1 =
τ 2
q

γ

1

(e2 + b2)

1

(e2 + b2) e1+a1
a1

+ g2
a1

=
τ 2
q

γ

1

(e2 + b2)2

1
α+τ21
α

+ g2
(e2+b2)a1

=

=
τ 2
q

γ (e2 + b2)2

1
α+τ21
α

+
τ21
a1

α+κ+τ22

(κ+τ21 )(α+τ22 )

.

As

τ 2
1

a1

=

(
δ1

τ2q
γ

a1
(e2+b2)

)2

a1

=

(
δ1

τ 2
q

γ

)2
a1

(e2 + b2)2 ,
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e1|κ2=β =
τ 2
q

γ

1

(e2 + b2)2 > 0.

Also,

lim
β→∞

(
α + τ 2

1

α
+
τ 2

1

a1

α + κ+ τ 2
2

(κ+ τ 2
1 ) (α + τ 2

2 )

)
=

= κ
(−τ22−α−κ−ω)τ41 +(−α2−2ακ−ατ22−2ωα−κ2−κτ22−2ωκ−ωτ22 )τ21 +(ωα2+ωατ22 )

αω(κ+τ21 )(α+τ22 )
,

,where, for any fixed τ2, the numerator is a monotonically decreasing function in τ 2
1 . As τ ∗2

is finite for any τ1, and limδ1→∞ τ
2
1 =∞,

lim
δ1→∞

lim
β→∞

(
α + τ 2

1

α
+
τ 2

1

a1

α + κ+ τ 2
2

(κ+ τ 2
1 ) (α + τ 2

2 )

)
= −∞

in equilibrium. As
τ2q

γ(e2+b2)2
> 0, there must be a sufficiently large δ1 and β ∈

(
κ2

ω
,∞
)

that
1
e1

is negative. As e1|κ2=β > 0, this implies the second part of the Lemma.

A.7 Proof of Proposition 7

Period 2 is equivalent to case 1. For period 1 objects, first, I derive expression (47). In

period 1, B traders maximize the expected utility

max
di1

E1

(
− exp

(
−γ (p2 − p1) dj1 − γ

E (θ|q2, q1, y, z
j)− p2

γvar (θ|q2, q1, y, z̄j)
(θ − p2)

)
|zj, q1, y

)
=

E1

(
E2

(
− exp

(
−γ (p2 − p1) dj1 −

E (θ|q2, q1, y, z
j)− p2

var (θ|q2, q1, y, z̄j)
(θ − p2)

)
|q2, q1, y, z

j

)
|zj, q1, y

)
as E (exp (θ)) = exp

(
E (θ) + 1

2
var (θ)

)
E2

(
− exp

(
−γ (p2 − p1) dj1 − γ

E (θ|q2, q1, y, z
j)− p2

γvar (θ|q2, q1, y, z̄j)
(θ − p2)

)
|q2, q1, y, z

j

)
=

= exp
(
−γ (p2 − p1) dj1

)
exp

(
−(E (θ|q2, q1, y, z

j)− p2)
2

var (θ|q2, q1, y, z̄j)
+

1

2

(E (θ|q2, q1, y, z
j)− p2)

2

var (θ|q2, q1, y, z̄j)

)

thus, the trader maximizes
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E1

(
− exp

(
−γ (p2 − p1) dj1 −

(E (θ|q2, q1, y, z
j)− p2)

2

var (θ|q2, q1, y, zj)

1

2

)
|zj, q1, y

)
=

= E1

(
− exp

(
−γ (p2 − p1) dj1 − var

(
θ|q2, q1, y, z

jj
)

(b2)2 (zj − q2

)2 1

2

)
|zj, q1, y

)
=

= E1

− exp

−γ (b2q2 + g2q1 − c2y

e2

− p1

)
dj1 −

(b2)2
(

(zj)
2 − 2q2z

j + q2
2

)
τ 2
θ

1

2

 |zj, q1, y


where I used that

E (θ|q2, q1, y, z
j)− p2

γvar (θ|q2, q1, y, zjj)
= b2

(
zj − q2

)
= τ 2

θ

b2

γ

(
zj − q2

)
.

A property of normal distributions is that if C is constant scalar, L is a nx1 constant vec-

tor, N is an nxn constant matrix and M is an nx1 stochastic matrix and I is an information

set, then

E (− exp (C + L′M −M ′NM ′) |I) =

− |W |−1/2
∣∣2N +W−1

∣∣−1/2
exp

(
C + L′Q−Q′NQ+

1

2
(L′ − 2Q′N))

(
2N +W−1

)−1
(L− 2NQ)

)
(66)

where Q = E (M |I) and W = var (M |I). Let q2 = M and

C = −γ
(

g2q1 − c2y

e2

− p1

)
dj1 − τ 2

θ b
2
2

(
zj
)2 1

2

L = −γ a
′
2

e′2
dj1 + τ 2

θ b
2
2z
j

N = τ 2
θ b

2
2

1

2
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then the term in the brackets in (66) is

−γ
(

g2q1 − c2y

e2

− p1

)
dj1 − τ 2

θ b
2
2

(
zj
)2 1

2
+(

−γb2

e2

dj1 + τ 2
θ b

2
2z
j

)
E
(
q2|zj, q1, y

)
−E2

(
q2|zj, q1, y

) 1

2
τ 2
θ b

2
2

+
1

2

(
−γ b2

e2
dj1 + τ 2

θ b
2
2z
j − E (q2|zj, q1, y) τ 2

θ b
2
2

)2

τ 2
θ b

2
2 + τ 2

B

.

Thus, the trader maximizes

γ

(
g2q1 − c2y

e2

− p1

)
dj1+γ

(
dj1

b2

e2

)
E
(
q2|zj, q1, y

)
−1

2

(
−γ b2

e2
dj1 + τ 2

θ b
2
2z
j − E (q2|zj, q1, y) τ 2

θ b
2
2

)2

τ 2
θ b

2
2 + τ 2

B

taking the first order condition gives(
g2q1−c2y

e2
+ b2

e2
E (q2|zj, q1, y)− p1

)
(τ 2
θ b

2
2 + τ 2

B) + τ 2
θ b

2
2
b2

e2
(zj − E (q2|zj, q1, y))

γ
(

b2

e2

)2 = dj1 (67)

which is equivalent to (47). Collecting coefficients of zj and using that b2

e2
= b2 + e2, gives

the expression for bB as

b2

e2
bB (τ 2

θ b
2
2 + τ 2

B) + τ 2
θ b

2
2
b2

e2
(1− bB)

γ
(

b2

e2

)2 =
bB (τ 2

θ b
2
2 + τ 2

B) + τ 2
θ b

2
2 (1− bB)

γ (e2 + b2)
=
τ 2
BbB + τ 2

θ b
2
2

γ (e2 + b2)
.

The demand of A traders in the first period is

di1 =
E (p2|xi, q1, y)− p1

γvar (p2|xi, q1, y)
= τ 2

A

b2

e2
E (q2|xi, q1, y) + g2q1−c2y

e2
− p1

γ
(

b2

e2

)2 . (68)

Collecting terms multiplying xi gives

aA =
τ 2
AaA

γ (e2 + b2)
.

where (51)-(52) define coefficients aA, cA, eA and bB, cB, eB. As, by market clearing, (53)-

(54) have to hold, the system (48)-(50) comes from plugging (55)-(56) into a1,b1 and the
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resulting formulas into (43),(44) and (16).

Finally, I derive expressions for cA, eA and cB, eB and c1, e1 as functions of the primitives

and τ1, τ2. First, collecting the terms multiplying y in (67) and (68), plugging in the definition

of q1 gives

cB =
e2

γ(b2)2

(
τ 2
Bb2cB +

(
τ 2
θ b

2
2 + τ 2

B

)(
c2 − g2

c1

a1 + b1

))
(69)

cA =
e2

γ(b2)2
τ 2
A

(
c2 + b2cA − (g2 + b2eA)

c1

a1 + b1

)
. (70)

Using c1 = µcB + (1− µ) cA and a1 + b1 = µaA + (1− µ) bB This gives

c1

a1 + b1

=
(1− µ) τ 2

A (c2 + b2cA) + µ (τ 2
Bb2cB + (τ 2

θ b
2
2 + τ 2

B) c2)

b2 (τ 2
A (1− µ) (aA + eA) + µ (τ 2

BaB + τ 2
θ b

2
2)) + g2 ((1− µ) τ 2

A + µ (τ 2
θ b

2
2 + τ 2

B))
.

Plugging back this and the expressions for e2,b2,g2 into expressions (69)-(70) gives the

result. By analogous steps I get

e1

a1 + b1

=
e2
b2

(µ (τ 2
B + τ 2

θ b
2
2) + (1− µ) τ 2

A)

τ 2
A (1− µ)

(
aA + eA + g2

b2

)
+ τ 2

Bµ
(
aB + g2

b2

)
+ µτ 2

θ b
2
2

(
1 + g2

b2

)
eA =

(
e2

b2

)2
τ 2
A

γ

(
1− e1

a1 + b1

(g2 + b2eA)

)
eB =

1

γ

(
e2

b2

)2(
1− e1

a1 + b1

g2

b2

)(
τ 2
B + τ 2

θ b
2
2

)
.

A.8 Proof of Lemma 2

By definition

∂V S
1

∂β

β

V S
1

|τ1=τ̄1,τ2=τ̄2,φ=φ̄ =

= (1− µ)

∂|aAτ2A|
∂β
|τ1=τ̄1,τ2=τ̄2,φ=φ̄

(1− µ) |aAτ 2
A|+ µ (bBτ 2

B + b2
2τ

2
θ )

+µ

∂bBτ
2
B+b22τ

2
θ

∂β
|τ1=τ̄1,τ2=τ̄2,φ=φ̄

(1− µ) |bAA|+ µ (bBτ 2
B + b2

2τ
2
θ )

+
∂ 1
b2+e2
|τ1=τ̄1,τ2=τ̄2,φ=φ̄

∂β
.

By simple substitution, I can show that
∂|aAτ2A|
∂β
|τ1=τ̄1,τ2=τ̄2,φ=φ̄ > 0 and

∂bBτ
2
B+b22τ

2
θ

∂β
|τ1=τ̄1,τ2=τ̄2,φ=φ̄ <

0.
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A.9 Proof of Proposition 9

The results for coefficients in period 2 are implied by the same steps as in Proposition 5.

Below I provide the main steps for the rest of the results. Just as in Case 1, I use the fact

that (τ ∗1 )2 , (τ ∗2 )2 do not change in this limit with β, so I have to only consider the direct

effects.

1.

=
(α+τ22 )µ

α+β+ω+τ21 +τ22

α2τ22 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ
2
2 (2−µ)+βτ21 τ

2
2 +τ41 τ

2
2 +τ21 τ

4
2 (1−µ)+ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )(τ22 +αµ)
> 0

and

∂
(

limκ→∞
b1

e1

)
∂β

=

=

∂

(
(α+τ22 )µ

α+β+ω+τ21 +τ22

)
∂β

α2τ22 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ
2
2 (2−µ)+βτ21 τ

2
2 +τ41 τ

2
2 +τ21 τ

4
2 (1−µ)+ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )(τ22 +αµ)
+

+
(α + τ 2

2 )µ

α + β + ω + τ 2
1 + τ 2

2

∂
α2τ22 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ

2
2 (2−µ)+βτ21 τ

2
2 +τ41 τ

2
2 +τ21 τ

4
2 (1−µ)+ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )(τ22 +αµ)

∂β

where

∂

(
(α+τ22 )µ

α+β+ω+τ21 +τ22

)
∂β

= −µ α + τ 2
2

(α + β + ω + τ 2
1 + τ 2

2 )
2 < 0

and

∂
α2τ22 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ

2
2 (2−µ)+βτ21 τ

2
2 +τ41 τ

2
2 +τ21 τ

4
2 (1−µ)+ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )(τ22 +αµ)

∂β
=

= −τ 2
2

(
α + τ 2

2

) τ 2
1 τ

2
2 + α2µ+ ατ 2

2 − µτ 2
1 τ

2
2

(τ 2
2 + αµ) (τ 2

1 τ
2
2 + α2µ+ ατ 2

2 + βτ 2
2 + ωτ 2

2 )
2 < 0.

2.

lim
κ→∞

a1

e1

= τ 2
2

1−µ
α+β+ω+τ21 +τ22

α2τ22 +τ21 τ
4
2 (1−µ)+τ41 τ

2
2 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ

2
2 (2−µ)+βτ21 τ

2
2 +ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )(τ22 +αµ)
> 0
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and

∂ limκ→∞
a1

e1

∂β
=
∂τ 2

2
1−µ

α+β+ω+τ21 +τ22

∂β
α2τ22 +τ21 τ

4
2 (1−µ)+τ41 τ

2
2 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ

2
2 (2−µ)+βτ21 τ

2
2 +ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )(τ22 +αµ)
+

+τ 2
2

1− µ
α + β + ω + τ 2

1 + τ 2
2

∂
α2τ22 +τ21 τ

4
2 (1−µ)+τ41 τ

2
2 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ

2
2 (2−µ)+βτ21 τ

2
2 +ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )(τ22 +αµ)

∂β
< 0

3.

lim
κ→∞

c1

e1

= β
τ42 +τ21 τ

2
2 +α2µ+2ατ22 +βτ22 +ωτ22

(α+β+ω+τ21 +τ22 )(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )

and
∂β

τ42 +τ21 τ
2
2 +α2µ+2ατ22 +βτ22 +ωτ22

(α+β+ω+τ21 +τ22 )(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )

∂β
> 0.

lim
κ→∞

1

e1

=
αγ(α+τ22 )

(α+τ22−αµ)(α+β+ω+τ21 +τ22 )
α2τ22 +τ21 τ

4
2 (1−µ)+τ41 τ

2
2 +α3µ+ατ42 +α2µτ21 +α2µτ22 +ατ21 τ

2
2 (2−µ)+βτ21 τ

2
2 +ωτ21 τ

2
2

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )

∂

(
α2τ22 +τ21 τ

4
2 +τ41 τ

2
2 +α3µ+ατ42 +α2µτ21 +α2µτ22 +2ατ21 τ

2
2 +βτ21 τ

2
2−µτ21 τ42 +ωτ21 τ

2
2−αµτ21 τ22

(τ21 τ22 +α2µ+ατ22 +βτ22 +ωτ22 )

)
∂β

=

− τ 2
2

(
α + τ 2

2

) α2µ+ ατ 2
2 + (1− µ) τ 2

1 τ
2
2

(τ 2
1 τ

2
2 + α2µ+ ατ 2

2 + βτ 2
2 + ωτ 2

2 )
2 < 0

∂

(
αγ(α+τ22 )

(α+τ22−αµ)(α+β+ω+τ21 +τ22 )

)
∂β

=

− αγ α + τ 2
2

(α + τ 2
2 − αµ) (α + β + ω + τ 2

1 + τ 2
2 )

2 < 0.

4. it is a direct consequence of statements 1,2 and 4.
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B Appendix: Figures
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Figure 1: Trading intensities and estimated pay-off uncertainty in Case 1. The top panel

shows trading intensities a1,b2, in period 1 and 2. The bottom panel shows A-traders’

estimated precision of second period price,
τ2q

e2+b2
, and B-traders’ estimated precision of the

fundamental, τ 2
θ . The x-axis is the precision of the public signal, β. The vertical line depicts

β = κ2

ω
, the threshold above which second-order expectations are polarized by more public

information.
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Figure 2: Coefficients of the price function in Case 1. Each panel shows a given coefficient

of the price function in periods 1 and 2. The x-axis is the precision of the public signal, β.

The vertical line depicts β = κ2

ω
, the threshold above which second-order expectations are

polarized by more public information.
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Figure 3: Price volatility and speculative volume in Case 1. The top panel shows the volatility

of prices in period 1 and 2. The bottom panel shows speculative volume (for each standard

deviation unit of private signal noise 1√
α

) in period 1 and 2. The x-axis is the precision of the

public signal, β. The vertical line depicts β = κ2

ω
, the threshold above which second-order

expectations are polarized by more public information.
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Figure 4: Trading intensities in Case 2. From top to bottom, panels show the total trading

intensity in period 1 and 2, |a1 +b1|,b2 and the share of A-traders private information in all

the private information incorporated in first period prices, φ. In each plot, different curves

correspond to different fraction of B-traders on the market,µ. The thicker the curve, the

larger the fraction. The x-axis is the precision of the public signal, β. The vertical line

depicts β = κ2

ω
, the threshold above which second-order expectations are polarized by more

public information.
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Figure 5: Trading intensity of different groups in period 1 in Case 2. The top panels show

the trading intensities of A-traders and B-traders in period 1, aA, bB. The bottom panel

shows the decomposition of bB. The left and right panel show the intensity corresponding

to the hedging component and myopic component respectively. In each plot, different curves

correspond to different fraction of B-traders on the market,µ. The thicker the curve, the

larger the fraction. The x-axis is the precision of the public signal, β. The vertical line

depicts β = κ2

ω
, the threshold above which second-order expectations are polarized by more

public information.
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Figure 6: Elasticity of volume in period 1 in Case 2. The top and bottom panels show

the elasticity of speculative and expected volume with respect to the precision of public

information, respectively. In each plot, different curves correspond to different fractions of

B-traders on the market,µ. The thicker the curve, the larger the fraction. The x-axis is the

precision of the public signal, β. The vertical line depicts β = κ2

ω
, the threshold above which

second-order expectations are polarized by more public information.
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Figure 7: Price volatility in period 1 and 2 in Case 2. In each plot, different curves corre-

spond to different fraction of B-traders on the market,µ. The thicker the curve, the larger

the fraction. The x-axis is the precision of the public signal, β. The vertical line depicts

β = κ2

ω
, the threshold above which second-order expectations are polarized by more public

information.
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Figure 8: Coefficients of the price function in period 1 in Case 2. Each panel shows a given

coefficient of the price function. In each plot, different curves correspond to different fraction

of B-traders on the market,µ. The thicker the curve, the larger the fraction. The x-axis is

the precision of the public signal, β. The vertical line depicts β = κ2

ω
, the threshold above

which second-order expectations are polarized by more public information.
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Figure 9: Coefficients of the price function in period 2 in Case 2. Each panel shows a given

coefficient of the price function. In each plot, different curves correspond to different fraction

of B-traders on the market,µ. The thicker the curve, the larger the fraction. The x-axis is

the precision of the public signal, β. The vertical line depicts β = κ2

ω
, the threshold above

which second-order expectations are polarized by more public information.
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