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agents to learn about the information of other agents. As a consequence,
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disagreement about the fundamental value of the asset. Additional testable
implications are also suggested.

JEL Classification: D82, D84, G11 and G12
Keywords: higher-order expectations, public announcement and trading
volume

Péter Kondor

Department of Economics
Central European University
Nador u. 9

Budapest, H-1051
HUNGARY

Email: kondorp@ceu.hu

For further Discussion Papers by this author see:
www.cepr.org/pubs/new-dps/dplist.asp?authorid=163964



* This paper builds on Chapter 2 of my PhD thesis at the LSE. | 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". | 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. | also thank John Harbord for editorial assistance. All
remaining errors are my own. | gratefully acknowledge the EU grant
“Archimedes Prize” (HPAW-CT-2002-80054), and the financial support of the
Central Bank of Hungary.

Submitted 16 June 2011



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.
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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.



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, 8 = 604 + 0. While
each A-agent observes a different noisy signal on 64, each B-agent observes a different noisy
signal on f. The public announcement, observed by all, is a noisy version of the fundamen-
tal, y = 0 +n. 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



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 among B-traders in the second period, because A-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



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.! 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.? Recent studies based on high-frequency data

3 First, this stylized fact is true across various markets

sets give a more detailed picture.
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.* 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.



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. > 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 puzzles®.

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.”

SRabin 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.

"For 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,



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.®

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 literature®
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.

90ther 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)).



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, . A-agents forms expecta-
tions about the average expectation of B-agents.!® These are second-order expectations on
0. The fundamental value is the sum of two independent factors, 8 = 64 + 0. Each A-agent
i observes a private signal about the first factor, 2 = 04 + &%, while each B-agent j observes
a private signal on the second factor, 2/ = 0 + 7. 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 = 6 + n. I assume that each factor and noise term is drawn from independent

1 o 1 1
GA,93~N<O,—> et el NN(O,—) ,T]NN(O,—).
K o p

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

distributions

each B-agent is a linear function of the private signal
E(6]z7) = b"2)

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

in group B is
1
E(0]27) = / E (62%) dj = b0,
0
Then a measure of dispersion of fundamental expectations is

/01 B 01=") — £ 01) a5 = L 2.

Each agent ¢ in group A forms the second order expectation
E(E (0]7) |2') = a"E (05]2") = 0.

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

10Tn 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.



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(0]27) =b +cy
where b, ¢ > 0 are constants. As above, the dispersion of fundamental expectations is

/01|E (9|zj,y) —E’(@\z” )‘dj = \|;)|_

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

announcement as
ak ark

= >
K2+ ak+ [ (a+2k) K24 ak

n

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
B (B (8127, y) [+, 5) = bB (6", 9) + cy = b (0’ + ) + ey

where a,c # 0 are the coefficients in F (6z|z’,y) . Consequently, the dispersion in second-

order expectations increases from zero to

/‘E GIZJ,y) |2", y) ( (6\23,3/) |2, y)‘dz |\b/a_| —>0.

HWhenever I calculate the coefficients of conditional expectations of normal variables throughout the
paper, I use the Projection Theorem. This states that if vy and v, are vectors of variables which are jointly
normally distributed with the vector of expected values pg, 115, respectively and the covariance matrix of the

vector [vg, V] is
Yo Yo
25,0 25,0 ’

where Yg, 3¢ s, 25,0, 25, are the appropriate submatrices, then

(VO‘VS) "N (NJG + 29,52;1 (Vs - Ns) ) 20 - 29,52;12570) .



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 64 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 64 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, 2, is informative about the private signal 27, 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: ¢ = 0+ ¢, 2* = 04 &7,
y = 0 + n. 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

0=0,4+0g+0c (1)

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

gt = Ga+6c+¢e, (2)
2 = Op+0c+¢& (3)

and
y==0+n. (4)



All factors and noise terms are drawn from independent normal distributions

eA,eBNN(o,1>, HCNN(O,E), ei,aﬂ‘wN(o,l) ,nNN(o,l). (5)
K w Q 6]

Note that apart from the group specific factors 0,4, 0p there is also a common factor 6¢
which all agents learn about. The advantage of this structure is that by choosing x — o0, it
nests the standard, single factor information structure, while by choosing w — oo 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, 5. I also
refer to [ 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,

ap ’ ap =

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

erage fundamental expectation of B-agents, that is

0Jy |E [E(6]).9) |s'.y) = E[E (0], y)|a" y]| di
B i

0,

if and only if
2

B> (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

10



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 6. In particular,
cov (xi, zj) = cov (zj, z") = cov (xi, a:m) = cov (xi, y) = cov (zj, y) = var () (8)

for any agents 4, 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.'? 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

12Gee 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 6 is realized in period 3. Each agent
has CARA utility over final wealth with the identical risk-aversion parameter . The total
measure of agents is 1 in the first period and p € (0, 1] in the second period. The total supply
of assets,uq, in period 1 and pus = uy + Ausy in period 2 are normally and independently
distributed.'® Each active trader in period ¢ forms her demand di or d! conditional on her
information set Z; or I;Z and the price p;. In equilibrium, the price p; 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 # 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 p; solves

max £ |—e ", T} (9)
di

Wi = di(p2—p1)
and the demand of each B-trader for given price ps solves

max B [~V |ps, T3] (10)
dj

Wé - d§(9—p2)-

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

endowment, uy and ug are drawn independently from the distributions

1 1
UlNN(O,(S—%),UQNN<0,5—%),

13The independence of u; and uy implies that <2u(ui-Au2)
var(uy)

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.

—1 . This is clearly a stark assumption, but
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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 customers'#, 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.!'® 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.'® Cross-listed stocks is an other example where geographical
segmentation seems to play an important role.!” 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 FEach A-trader solves problem (9) while a B-trader solves problem (10) in the second

4Starting from Diamond and Verrecchia (1981), it is common to interpret the random supply u1,us 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.

16 As 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.

17 Although 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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pertod and

max E | —e~ V|, If] (11)
d

Wi = dl(p2—p1) +d3 (0 — p)

in the first period, where d% 15 the optimal strategy in period 2.
The measure of A—traders is (1 — p) and the measure of B—traders is p. The random

supply, uy and ug are drawn independently from the distributions

1 2
u1~N<O,—2>,,uu2~N(O,%)
1 2

thus, the supply per capita of the asset is independent of pu.

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.'® 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 — u), 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 p is close to one. After the cross-listing, the two
markets for the assets are less integrated and p 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 4 — 0, the structure converges to case 1

in the following sense: while the model is undefined for p = 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)).

14



to trade in period 2, it is well defined for any > 0. As u — 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 p = 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 = {«'y}
I = {#,y}
I% = {Zj’yapl}-

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 wvariables to prices and individual demands, d’i,dg m
Case 1 and di, ], d} in Case 2 such that

1. in Case 1, di and d’ solve problems (9)-(10), respectively and p; clear the market in
pertod t = 1,2,

2. in Case 2, di,d,d} solve problems (9)-(11) , respectively and p; clear the market in
pertod 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 K = oo the information structure becomes the standard informational structure.

2. If 6y — 0, the second period environment is the same as a static environment, as first

period prices become uninformative.

3. If B — 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 d; — 0,k — oo, the second period is close to Hellwig (1981).
Case 1 with kK — oo is the two period version of Allen, Morris, Shin (2006), while case 2
with £ — oo 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 %2 < [, 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

by (U +0c) + coy + 821 — uy
P2 = (12)
€9
b = a; (9A+936)+C1y—u1 (13)
1

where aj, by, cq, o, €1, €3, and gy are undetermined coefficients. Second, I derive the optimal
demand given these price functions. For this, observe that p; and y are informationally

equivalent to y and the "price signal” ¢; of the first period defined as

e — C
=P g gy - L (14)
ap a

The conditional precision of ¢; is

1
= var (q1]04 + 05)

2 2.2

Similarly, po, y, and ¢; are informationally equivalent to y, ¢; and the price signal ¢, of the

second period defined as

@ = €oP2 — C2Y — 8241 _ (93 I 90) U2 (15)
b2 b2

with a conditional precision of

2 = 1
27 var (go] (05 + 0c))

= b33, (16)

I also define by, co, €9, g2 and by, ¢1, e1as the linear coefficients of the conditional expecta-
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tions

E012,y,q1,02) = b2z) + coy + e2q2 + gor (17)
E(plty.q) = wma'+ay+eq (18)
and
, 1
7_9 = .
var(9|zﬂ,y,q1,q2)
, 1
T —

var (ga2|28,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 7, 7. Then, the first

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

. 2 X
dy = %0 (E(0127,y, 42, 1) — p2) (19)

and the problem (9) gives

1 ? :
=z (E_Z) 7, (E (P2l y,01) — 1) - 20)

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

price, ps, as opposed to the fundamental value. The term <E_§>2 7'q2 is the precision of py
conditional on the information set of A traders.

Imposing market clearing and using expressions (17)-(18) and definitions (14)-(15) give
expressions for p, and p; as linear functions of the random variables with coefficients which
depend on the primitives and bs, by, co, ¢y, €2, €, and gy. For an equilibrium, I have to find
by, by, co, Cq, €9, € and g, 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:

d), = boz’ + coy + gaqi — €y (21)

dil = ar' + C1y —eip1 (22)

Dy — by (05 + 6¢) +eczy + 821 — U2 (23)
2
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. a@—i—cly—ul

P =
€1
where
by
b, = 2= 24
2 0 (24)
by ¢
2 U2 2
= = 25
© 0 Y bz —+ €9 ( )
by
e = . 26
2 6,70)2 +€2> ( )
b
202 g2
_ obs 27
g2 7] v e + b2 ( )
and
7'2 a
q 1
! Y €2 +b2 ( )
¢, = 7—_(]2 ((bg + 62) c + Cz) aq
¥ (62 + bg) ((62 + bg) (a1 + 61) + 92)
o = “
! Y (62+b2) ((62+b2) (a1 +€1)+92)‘

Furthermore, all coefficients and equilibrium constants are calculated at 71 = 7 and

Ty = Ty where [T, 73] is the fixved point of the system

b
(527'92;2 = 7, (29)
72 b
L—1 = 7. 30
1 ,7 (62 +b2) 1 ( )

2. When k — oo, there is a unique linear RE equilibrium where

* 62
Y

52

Tik = 05251 2

v (724 ad3)’

3. When %2 = 3, there ezists a unique linear RE equilibrium where 77 = 0 and 75 s the

unique solution of

CE(SQ(K‘FW)%ZTQ (K + (k+w) (a4 75) + 2kw) .
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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 g = %2 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 5 > %2

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 py and substituting in to (21) gives the first equation in the chain

&=y (¥ — q) = %@ [bs (2 — 42)] = D&’ + us. (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 z7and
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 by, 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 %3 shows how the difference in opinion is
translated into positions. The smaller the risk aversion of the agent, v and the larger the
precision of her fundamental estimation, 77, the larger bet she wants to take for every unit
of differences in opinion. Importantly, all by, by and 7§ are functions of the deep parameters
and Ty, 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. |
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.'® Still this decomposition helps us to understand how

Tn 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

2
Tq aq

di=a; (¢ —q) = (2" — @) = aue’ +ua. (32)

7 €2 + by
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

1
P2 = / E (9|Z]ay7Q2,Q1) dj — lQUQ.
0 Ty

Thus, I rewrite first period demand as

1 /e \? 1 . . ,
- _2 T(12 E / E <0|Zj7y7q27QI) d] - lgu2|$l,y,(h —P1] - (33)
y b2 0 Ty

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 (%)27'(12 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.?’ 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, €, is a form of winner’s curse. If the
trader could distinguish between ¢ and w1, she would avoid this curse.
20 Appendix C is available from the author’s website.
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volume as one of the key objects of interest. The expected volume?! in each period is

Bd) =2 (5+2) o
vio= Ba) =2 (5+3).

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

Vs

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, by, a;. 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.

1 ; by
vy = —/dj us=0 =
2 = g ) Bl = 50

1 - |ay |
’ _/ d; u1=0 —
! 2 ‘ 2“ =0 V2ar

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

v, = /’ <|b2 ,exp( 2f2)+uQ(12<1>(\/azz|))>
/|1|—<|a1| = exp(— 2UQ2)+u2<1—2<I’(—\/&|2|>)>.

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.

Vi
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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 &« — oo. 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 by, a;, 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

1

var (q1|0a + 0c)
1

Cy, = =715 = 85b) 36

: var (gl0s +0c) 2 22 (36)

4 =72 = §%a’ (35)

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 |bsy|,|a;|. 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., K — o0. 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 k — oo, trading volume and information content of trades are both

unaffected by the amount of public information 5. That is

8b2_8a1_8‘/;_8(]t_0
o o0 03 08
fort=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

8|b2| . 187’92b2 . 1 28()2 (97'92

o8~ 4 08 E Y, (37)
a |a1| _ 1 8627'—51)2 bl _ ]' 2 aa’l ae;—gbg

o5 4 o 4 \"ap TN o (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 k — oo 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 k 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 %—‘g exists for botht = 1,2

o (5 ) = (35
9\ 55 5 )

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 g > %2
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 § > ’2)—2 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, a;, by 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, 77, 7'q2 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 aj, by are continuously differentiable in the amount of public

information, .22

Proposition 4 There are wmin € [0,%2),wmax S (%,oo] that as long as w € (Wmin, Wmax)

there are corresponding T{, 75 which are continuous in w and continuously differentiable in

B and w. Furthermore, when (Wmin, Wmax) 1S the largest such set,, as long as w € <%,wmax>

8|&1| 8|b2’

93 ' 0B > 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 %, 2L gshow the price effects of the part of
2’ €1

fundamentals which agents have private information on, the coefficients é, é show the price
2

o, &+ show price effect of public information. The first two
2 el

effect of supply shocks, while

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. wpin = 0, wWmax = 00, a general proof for this was not found. Hence the weaker statement.
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of price volatility as

S = var(pily) = (2)2 <% + i) + (eﬂ%& (39)

var (ply, p1) — (2—2)2 (% 4 i) + (ez)%dl (40)

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

by

Starting again with the standard information structure, the following proposition holds.
Proposition 5 When k — 00, 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 am

b2 ai

oo V958 <

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

cz ac_l

& a el >0

92 €

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

of public information
— > 0, —=

e2 ﬂ 5

4. Price volatility decreases in the precision of public information

< 0.

0%, 0%
8_ﬁ1’ 8_; <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, 2—;, 2 and =, = affect our volatility measure, more precise

public information decreases price Volatlhty.
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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 B;C (%, oo) that if B € By

ar
el

7 1semic(se0) > O

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, % 18 sufficiently small and 71,7 are continuous in
B in (%, oo) , then there is an interval By€ (%, oo) that if B € Bo,

1

0 o
08 |,8€Bge(:—2,oo

)>O,

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(%, oo) , 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 u, (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 go, 79, and 7y, by, o, €9, g2 are used as before. However, for the first period I conjecture
aj (QA + 93) + by (93 + 90) +Cly —uy

_ 41
b1 e ( )

and define ¢; as the price signal corresponding to period 1

ei1p1 — 1y
= —— <7 — (1= (9_|_ (9 _|_9 _
q1 = _+ by —( <Z5)A ¢0p C

42
a; +b1U1 ( )

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

of the first period price. It is defined as

b;
= ) 43
a + b1 ( )
The conditional precision of ¢; is
1
7'12 = = 5% (a1 + b1)2 . (44)

var (q1|0a + 0p)

Finally, I define ba, ca,e4 and bg, cp,ep as the linear coefficients of the conditional ex-

pectations
E (QZ|xi, Y, Q1) = aaz’ +cay +eaq (45)
E (gl y.q1) = bgz’ +cpy+epn (46)
and
1
2 _
T = .
4 var (2|7, y, q1)
1
H =

var (¢2|27,y, 1)

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

(Tgbg + 7—%) (E (pQIZja:%ql) _pl) + Tezb% (Zj —F (Q2|Zj>?/aQ1))

d] =
' (by +e2)?y (b2 + €2) v

, (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 bs, by, co, cq, €2, €; and gy, which ensure that the price

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

Proposition 7 Suppose that the system

b
527'2;2 = 7 (48)

7 (€2 + b2)
p(15bs + 75b3)

p(Tbs + 7303) + (1 — ) Thaa

= ¢, (50)

has a fixed point 1{, 75, ¢*. 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

a; (0a+0c)+by(0p+0c)+cry —u

p1 =

€1
and
dzl = aAmi—l—cAy—eApl (51)
dji = bpr' + cpy —epp (52)
where
I-mas = a (53)
pbp = by

(1—p)ca+ucg = ¢
(1—p)ea+pes = e (54)
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and

2 21,2

b 5%5)
B Y (62 + bg) ( )
2
TACLA
a; = —2 % 56
A Y (62 -+ b2> ( )

and c4,Cp,€4,€ep can also be written as analytical functions of the parameters and T, 7o, ¢

only. Furthermore, all coefficients are calculated at 7y = 71 and 72 = 75 and ¢ = ¢*

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 ¢

A , C a;+b
d’i:anZ+y<CA_eA—1>—eAM_
€1 €1

. 1 e b c e
— aAgl + |:a_1 (m — e—A) (9,4 —|—(90) — eAe—l (93 +90) +vy (CA — eAe_l):| + e—A’LLl,
- 1 1 1

. ) b
d{:bB-Tl‘f‘y(CB—eB&) _QBM: (57)
€1 €1
. 1
= bBEJ + |:b1 (— — e—B) (93 + (90) — eBi (9,4 -+ 90) + Yy (CB — 832)1 -+ e—Bu1 (58)
2 € €1 € S5

and, consequently,

1
2 (ﬁ-&-CA—Z*A(m-l-m))Q-i—(CA—eA012'7131)2 ea 2\ 2
Vi = i(l_ ) <aA) + ! P 1 + el n
! a 27T Iu 8] <(1Tu>_%(al+b1+cl)+c‘4)2 + (cA—eA%>2 51
w B
by ep 2 ci1+bg 2 2 %
2 <7+CB*;(b1+Cl)) Jr(cheB?) ep
—+ i M + K + el
2| e Jtebneren)” | <cs—e;:1)2 5

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:

1 o L [T 1
‘/1525(/\d1|d@+/’d]1|d2) |04=0p=0c=B=u1=0 = %ﬁ((l_“) |aa| + e [bgl) .

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

]_ 2 2
= =72 =4 b
e A A A R (59)
1
Cy, = = 72 = §2b2. 60
2 var (q2|0p + 0¢) T2 272 (60)

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

Proposition 8 In the limit kK — oo, there s a unique equilibrium where

b2 = Oé§
Y
a ad?
= (1—p)—=6 —2_

A (1=n) 75172+a5§

b, = pu—0d,
Thus

ob; 0Oda;  0C; ovy _0

o3 o 9B 9B
fort=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 kK — oc.

I analyze the equilibrium in the general case with the help of Figures 4-9. In each panel
of each figure, the z-axis shows the amount of public information measured by £ and four
curves correspond to different fractions of long-horizon traders in period 1, p. The thicker

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

23The discontinuity on each curve corresponding to & = 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 3 in absolute
value as long as ff < %2 and increases in absolute value when g > %2 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 p is small, as in
Case 1, B-traders’ trading intensity decreases in 3 if § < %2, and increases otherwise. This is
consistent with the observation that Case 2 is close to Case 1 if p 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 . 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 bp on Figure 5 as
T2b2

Teatb) ;

left panel on Figure 5 shows that this component is decreasing in 5. The term % is the

follows. The term is the hedging component of the trading intensity. The bottom

numerator in the myopic component of the trading intensity in (47). Comparing this term
to equilibrium value of by 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 . Thus, trading intensity bg increases in [ solely

_1
? ba+tez

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

because of the remaining term , the numerator of the myopic component. Note that
information increases, the second period price is more correlated to the fundamental, so in
the first period all traders can estimate ps with more certainty. While, this effect is not
sufficient to influence the sign of the derivative of a4 with respect to public information, it
switches that of bp.

The analysis of measures of volume is illustrated by Figure 6. As my focus is the effect of
changing share of long-horizon traders, pu, 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 uby + (1 —p)a; — 0
S0 ¢ — Foo.
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each panel the amount of public information is on the z-axis and each of the four curves
correspond to a different fraction of long-horizon traders in period 1, . 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 71, 79, ¢ are held constant.

Lemma 2 Holding 11,72, ¢ fixed, the public information elasticity of speculative volume s

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

98 Vs .
T‘ﬁ:ﬁﬂ?=7’27¢=¢ <0.

88V1S B

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 § is sufficiently large.

3.3.3 Volatility of prices

by a1 by

Similar to case 1, the coefficients
) e ) el ) ey

show the price effects of the part of fundamentals

which agents have private information on, the coefficients é, é show the price effect of
supply shocks while 2—;, 2—1 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

2 2 2
ay b, 1 a; by 1 1
Y= = |\ o e ) w .
1 var (p1|y> [<81> T <e1) ] K + (61 * e1> w T (61)2(51

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

to

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 k — oo, price coefficients 22 BL €2 ¢ L 1 yppepit
e’ ey’ ex’ e’ ex’ e;

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,

HaL
ap e
— >0,— <0.
€1 B
Thus, just as in Case 1,
0¥ 0%,
—,— < 0.
B’ dp

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, p 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,
[ 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.
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Appendix: Proofs

A.1 Proof of Proposition 1

Note that
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By the property of folded normal distributions,
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which proves the statement.

A.2 Proof of Proposition 2

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

g
pa = by (0 + 0c) + coy + €2q2 + goq1 — U2
0
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From (15), this is equivalent to

q2ba + coy + gogq !
e B (0, 1 60) + ey + eats +gun — L
X 0

or

by (0p + 0c) — us + coy + g2u
€2
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2 0

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

N, uy, g + 0c, us if and only if

C2

— = (9,

€2

g2
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€2

b

—2 = b2+€2

€9

1 e

L_a,e
€9 ) b2

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

Using the same expressions I also get (21) as

| 2
(22 4 Coy + €22 + goq1 — p2) = .~ (bzzj T Gy + €2q2 + 92q1 —

. b 2 . b )
<522J + €22 — qi 2> S <522j + (62 - e_2> Q2) = by (ZJ - Q2) :

2 Y 2

¢2b2 + coy + goqn _
€2

2|l = |sh

Expression (87) is implied by the definition of 77 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 b, ¢, €a, g2,a1, 1, €1, T3, T2.
These coefficients are determined by the Projection Theorem using the observations that that

covariance matrix of [27,y, q1, ¢2], and its covariance with the fundamental value, 0 are

beded ded 3 bed ] [ied
bed zeded dei o ded | |34
L+l peied b |7| 4l
b+ dei 3 iedeg] [342

, respectively, while the covariance matrix of [z',y, ¢;] and its covariance with the second
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period price signal ¢, are

111 1.1 1,1 1
w+m+a w+/§ w+m w
1,1 2.1.,1 1,1 11
o+ n+w+ﬂ ST s TS
1,1 1.1 1,1, 1 1
w+n w+n w+n+712 w

,;respectively.. Thus, all the equilibrium are functions of the primitives and 7, and 75 only.
Consequently, for existence I only have to prove that equilibrium values for 71 and 7 ex-

ist. Using the explicit expressions for bo, es, aq, 792,73, (87)-(30) define this as a fixed point

problem
K+ w
2
T = O (k+7) 2 2.2 2 2 2 P )
v (K2 + 7E75 + ak 4+ oaw + 2kw + aTf + K17 + K75 + WT + wTy)
- 5@ 72 K2~ Bw (712+7'22+a+B+w)n2+(27‘12722+a5+aw+2ﬁw+2arl2+,87'12+,6’7'22+w712+w7'22)/{+(aﬁ712+aw712+,8w7'12+,3w7'22+
1 pu—

1 ; Ktw (T12+fi) <722+a) (712+722+o¢+6+w)n2+(27’12722+o¢,6’+aw+25w+2a722+,8712+57'§+w712+w7'22)H+(a6722+o¢w722+ﬁw712+5w'r22+

The problem simplifies, if I rewrite this as a fixed point problem in the space of |11, 7o, Y]

where
K+ w
= 4 2 61
2 2a(H+T1)7(/{2+712722—|—a/£+aw+2/£w+047'12—I—f-@712+/<7'22—|—w7'12—|—w722) (61)
2 2

1
v(k+78) (k+w) (a+7)
(712+T22+04+,8+w)/£2+(2712722+o¢,3+aw+2,8w+2a712+ﬁ'r12+,87'22+w712+w7'22)n—i—(a,BTIQ—&-awTIQ+ﬁw712+,8w7’22+6712'r22+w7'12722+(%£%)\

Y =
(7’12 +TQ2+OC+B+W)K/2+ (2712722+a5+aw+2,3w+2a722 +ﬁ7’12 +57’22 +w7’12 +w’r22 ) K+ (a67'22+ocw722 +Bw7’12 +5w7’22 +ﬁ7’12722 +w7’127'22+(§yw

define the fixed point. Let the left hand side of each of these equations be called Fy (12, 71) , F1 (72,71, Y)
and Fy (13, 71), respectively. Also, let Y = Fy (15, 71) and 7 (1) , 7, (72, Y) implicitly defined

as

T, = I (%2,71)

7A'1 = Fl (T2,7A'1,Y)

By the Implicit Function Theorem, it is easy to check that g—i’;’ > 0. Thus, for any 7,Y, 7o <

7" where 75"** is defined as
7_2max = lim 722 (Tl,Y) .

Tl—o0
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By simple derivation, % > (0 and % < 0. Thus, for any 7, 7, Y™ < Y < Y™ where
1 2

K2+ 2ak + af + kS + aw + kw + fw

Yo = lim lim Fy (1, 71) =

T2o—0 11— 00 (K? + w) (ff + ﬁ)
o K+
Y™ = lim lim I =
130 700 v (12,m) = (6 +w) K2+ 2ak + af + KB + aw + kw + Pw

Finally, by the Implicit Function Theorem, whenever x? > Sw, 3—2, % > (0, while whenever

K? < Pw, 2—2, 9% < 0. Thus, if 7{"* is defined as the unique solution of

K2 — fw

v (k+ w) (Ii + (T{naX)Q)

max ax

__ . m
=7

then for any 75 and Y, 7; € [0, 7/"] when £? > Sw and 7; € [7{"*, 0] when k? < wf.

Consequently, if the space S is defined as
[07 T{nax] X [O, Ténax] X [Ymin’ Ymax}

,and as
[Tinax’ ]X [07 Ténax] X [Ymin’ Ymax}

in the case of k? > wf and k? < wp 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, [77,75,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

* 52
7

52

* 2 2

v (7% 4 ad3)
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is the fixed point of the system

lim FQ (7'2,7_1) = T2
K—00
lim Fy (1o, 71, Fy (12, 71)) = 1.

RKR—00

A.4 Proof of Lemma 1 and Proposition 4

Substituting in Fy and reorganizing Fy (Fy (11),72,71) = 1 and Fy (12, 71) = T2 as polynoms

in 77 and 7, respectively, check that in any equilibrium (7, 75) has to solve

0 = G1
0 = GQ
where
G1 =77 (k4 w) (7’12 + /{) (722 + a) Zo + oz7'22 (,Bw - /{2) 71
with
71 = KT+ R+ ak? + 2B+ KPw + 2akTE + aBTE + kBT + KBTS + awT + KwTE +

+RwTZ + BwT? 4 BwTs + 2kTETE + BTETE + wriTE + akB + akw + afw + 2kPw
Zy = KP4 KT+ ar® + K26 + k2w + 2akTs + afTE + KBTE + KBTE + KwTE 4+ awTE +

+RwTZ + BwT? 4 BwTd + 2kTETE + BTETE + WTiTE + akf + akw + afw + 2kPw
and
Gy =7 (1 + k4 w) T5+7 (K> + ak + aw + 25w + a1 + KT + wTi) To— (w + akds (11 + K)) -

Note that for any fixed 7 G5 is a monotonically increasing function with a single root. Also

W“Z:ﬁ(ﬁ) = (7‘27 (7‘22 +v(a+k+ w)) — cmég) =
1

= (B (r2,m)v (15 + v (a+ K+ w)) — ardy) =
kK+w)y (T2 + (a+k+w
T P Gl )k 1 Gl Ch L)) E—— 1 P
’y(/i +T17'2+Oé/€+()éw+2/£w+067'1—I—KT1+/£TQ+CQT1—|—WT2)
at+k+w+Ts
K2 4+ 7278 + ak + aw + 26w + a1 + KTE + KTE + wT + wTl

=ady (k+w) (k+717)

where 75 (77) is defined as in the Proof of Proposition 2.
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Also, by the implicit function theorem

89G1  9Gy
95 Om
. det | o, acn 9G, 9Gs
or{ _ 95 om _ 9B ot (64)
ap G  9Gy 0G1 0Gy __ 0G1 0G3 *
det on 72 o Om Oty OT1
Gy  9Gs
0T oro
9G1  9Gy
98 on
Py det 0 2 9G, 9Gs
Ty _ or1 _ _ B o1 (65)
0B 0G1  8Gy 9G1 0Gy _ 0G; 9Gs *
det or om o11 01 Ot 071
9Gs  9Gso
or 0Ty

Suppose that at a given point - f and ag exists. Clearly, %_7; = 0 is possible only if

%%1 = 0, but then 72 =0 also. If aTl # 0, then

915 9G,
28 om
a7 = 3G > 0
o8 0T2

This proves Lemma 1.

For Proposition 4, consider the next Lemma first.

k2 9G1

Lemma 3 For any 3 > =, W|71:Tf >0

Proof. Consider G;. It is clear that Z;, Z,, 222, 221 > () and

9B 7 9B
oG 07y 0z
8_51 =71 (kK 4+ w) (7'12+I<L) (7'22+0z) 5 +arjwZ +artd (ﬁw— )8_51 =
AR 0z
=ar; (/@ — Bw) Z; 6’; +arjwZ, +ati (ﬁw ) 6?_51 =
. aTs 27 (ﬁ+722)(n+w)2 (a+n+712)
- (7'12+7'22+a+ﬁ+w)n2+(27'1 75 +aﬁ+aw+2,8w+2a7’22+,8712+,37'22+w7'12+w7'22)n+(,3(7'127'22+aw+a7'22+w7'12+w7'22)+w7’22 (a+712))
07
+04722(Bw—/<;) 8ﬁ1 >0

where I used the equilibrium condition 71 = F;. =
Note that 0 = G5 has a single solution 7, for any 72, and 0 = G5 will have at least
one solution 7 for given 75, but might have more than one. However, when Bw = &2, then

71 = 0 is the only solution of 0 = G,. Thus, the system has a unique fixed point where
T =0,75 > 0.
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Note that 75 is continuous in w and 7p. Thus, 75 is also continuos in w as long as 7y is
continuous in w. Also, as GGy is a 5-th order polynomial in 7; a necessary condition for 77 to

be discontinuous at a given point is that % = 0 at that point.

K

Consider the point w = 72 where 77 = 0 and 75 > 0. It is simple to check that at that

point 8—6:11 > 0, %% =271 8G2 = 0, 88?2 > 0 801 = 0. As from Lemma 3, 86%1 > 0, at this

pomt 1 < 0 and 872 = 0 Also the fact that aGl > 0, %% — %%ﬂ > 0 and both are
T1 T2 T2 T1

contmuous in w at that point, imply that there is an open set around w = ”7; that within

this set 7,75 are continuous functions of w and continuously differentiable in 3. Define

. 2
W™ w %

e 9GL 0Gs _ OG 9Ga . e . 2
Then by definition GGt — Gar et cannot change sign within this set. Also, as 3 > =

implies 71 < 0, %fQ 21 8G2 < 0 in this region, while @ > 0, from Lemma 3, the second

max

in a way that the set (wmm,wma") is the largest such open set around w =

statement holds.

A.5 Proof of Proposition 5

The result comes from a series of mechanical calculations. In particular,

b, a+7’22
lim —= = 5 5
K—00 €9 a+B+w+T+ 75
i A o + 1t + T2 + 201 + ati + BT + wrl
K00 € (a+B+w+r)(a+B+w+Ti+13)

a+ 4w+
(a+73) (@2 + 7 + 775 + 2077 + a73 + f1{ + wTi)

lime; = 75 (a+B+w+T+7)a

a+B+w+ T+ 78

lim e; =

li C2 s

m - = 2, 2

R—00 €9 a+B+w+T 475

. C 204+ +w+ T8+ 73

lim — = §j 5 5 5
K00 €] (a+p+w+7f)(a+B+w+ 18 +715)

As I already showed that 7; and 75 are insensitive to £ in this limit, the partial derivatives

of these expressions with respect to 5 give all the results.

A.6 Proof of Proposition 6

[ start with the analysis of the relevant equilibrium objects when 3 = 5. At this point,
77 =0, 75 > 0 and given as the unique root of
K+ w

dork = Ty.
Y (2 4 ak + ow + 26w + KTE + wT2)
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Also, as I showed in the proof of Proposition 4, at this point 7" and 7; are continuously

2 2
oty o] & vy . .
differentiable in  at this point and (8118) = (6/26,) = 0. Therefore, at this point, as 3

changes each equilibrium objects changes only by the direct effect of 5. I am interested in

the properties of ; and 2+ near this point. As

lim 2L = lim ((es + bo) (a1 + 1) + g2) =

T1—0 €1 71—0

e (nzfﬁw) k(k+w) (a+7’22)
(N2T22 +ar?+r2B+Kk2w+ KBTI HRWTS +,8w7’§+an,8+anw+a,8w+2n,8w) (ak?+k2B+K2w+takf+arwtafw+2kBw)

and

(f{2 —Bw)om(/i—i—w) (a+7'22)
(527—22 +ak+k2B+K2w+ KBTI+ RWTI+BwTs +anﬁ+anw+aﬂw+2&ﬂw) (ak2+k2B+K2wtakf+arwtaBw+2kBw) |
2 p—
ap 2
ak(k+w) (a+722)
w
(/{2722+om2+nzﬁ+n2w+nﬁ7'22+nw7'22 +6w‘r§+amﬁ+anw+aﬁw+2&ﬁw) (ar?+K2B+K2wtakf+arkw+tafw+2kBw)

<0

I conclude that
ay
el

9p

This implies the first part of the statement. Also, using the expression for e; and the

0

‘,{2:5 > 0.

observation that

e1 +ax . Oé+7'12
aq «
go s at KA+ TS

_
ey + b "+ 1E) (0 +73)

I rewrite it as

21 1 71 1
@1 = eita 2 o 2 o472 -
Vi th) @t b) S8 E T (b o e
= 1
eo + by)? ot | T otmiTd
R} eI =)
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72 1
ei]p—p=+—75 >0
Y (62 -+ bg)
Also,
lim at+r 1 atw+T _
B—ro0 o ar (k+ 78) (a4 73)
(—Tg—a—n—w)'rf-i—(—a2—2041{—047’3—2(»01—&2—NTQQ—2wn—w722)7'12+(wa2+wa7'22)
aw(H+T12)<(X+T22) ’

,where, for any fixed 75, the numerator is a monotonically decreasing function in 72. As 75

is finite for any 71, and lims, o, 7% = 00,

lim lim (

a—|—7'12 712 oz+/i+7'22
— = —00
§1—00 B—00

a ai (k+72) (a + 72)
7.2

in equilibrium. As 7(6211)2)2 > 0, there must be a sufficiently large d; and 3 € <%2, oo) that

ei is negative. As eq|,2_5 > 0, this implies the second part of the Lemma.
1

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

] E(9|QQ q1,Y Zj) — P2 ;
max Eq | — — — - LA ~—= (6 — J =
d?X 1 ( exp < 7(192 pl) 17 ~var (9|qQ,q1,y,§J) ( pz) |Z 41, Y

o B0l g1,y 7)) — po j j
B (B (—exp =y (p2—p) & — oY 2) “ P2 i) |2
1 ( 2 ( exp ( Y (p2 pl) 1 var (9|(]2,ql,y,gj) ( p2) |Q2aQI,yaZ |Z 41, Y

as E (exp (0)) = exp (E (9) + tvar (9))

j E (0)q2,q1,y Zj) — D2 ;
E _ N o & — » 41, Y, ' 0 — i) —
2 ( €xXp ( Y (p2 pl) 1 Y ~var (9’612,6]1,% 2]) ( p2) |q27q17ya Z

(E (9‘QQ7 q1, Y, zj) B p2)2 1 (E <9|q27 a1, Y, Z]) B p2)2
var (G‘QQa(hayazj) 2 var (9|927Q1:y, Zj)

= exp (—’y (p2 — p1) d{) exp <—

thus, the trader maximizes
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; E0|g, qi,y,#) — 1 :
Ey (—exp (-7(p2—p1)d]1—( (4. 41, y. ') 4p2) 5) |z],q1,y)=

var (‘9‘61%(]1,3/72’3)
. 1 .
=F (— exp (—7 (p2 — p1) d} — var (0]ga, q1,y, 277 (ba)? (27 — Q2)2§) Izj,ql,y> =

(ba)” (()° = 20227 + a3

1 E
— z ,

bag2 + 8201 — €2y g
o —p1 | dy —
2

= Ey | —exp —7(

where I used that

E QQ7Q7 7Zj - P i b i
Olgz 01, 2') -2 = 2(2’]—(12):7'92_2(ZJ—Q2)~
yvar (0|q2, g1, y, 27) v

A property of normal distributions is that if C' is constant scalar, L is a nx1 constant vec-

tor, NV is an nan constant matrix and M is an nx1 stochastic matrix and 7 is an information

set, then
E(—exp(C+L'M - MNM")|T) =

— W2 2N+ W T exp <(J +L'Q - Q'NQ+ % (L' —2Q'N)) (2N + W) (L — QNQ))
(66)

where Q) = E (M|I) and W = var (M|I). Let ¢o = M and

82¢1 — C2y 221
C = —«y|———— d —72b2 (7)<
()t
/
L = 7/2d + Tab327
€2
51
N = 7;b3~
2
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then the term in the brackets in (66) is

— A 91
—y (g2Q1 C2Yy —p1) & — 7202 (Zg)2 L
€9 2

(—’}/e—2d]1 + Tgbgzj) E (Q2’Z]7 Q1>y)
2

. 1
_E2 <Q2|Z]7Q17?/> 5 Gng
(782 4 7 - B @] 01,0) 7363)

+_
2 Tgb% + 7',23

Thus, the trader maximizes

. . y 2
1 <_7:—22d]1 —+ Tazb%ZJ —F (q2|Zj7 qi1, y) 7—92b3>

82q1 — C2y j by j
o7 20 g d] d]_ E J -
(B )t (42 £l R+

taking the first order condition gives

(g”;—;”y +2E (ql?, q1,y) — pl) (7505 + 73) + 0322 (2 — E (217, q1,9))
2
v(2)
by __

which is equivalent to (47). Collecting coefficients of 2/ and using that o = by + €, gives

the expression for bg as

2bp (1305 + 73) + 082 (1 =) by (1302 + 72) + 7203 (1 — bp)  T2bp + Tob2

7<m>2 v (€9 + by)  y(egdby)

e2

The demand of A traders in the first period is

— E(p2|‘ri7qlay) — P 2 te)_;E (QQ|l’i7q1,y) + %;023! —

d = . =T
Y qwar (po|at, g1, y) 4 ~ <m)2

€2

Collecting terms multiplying x* gives

T%CLA
v (e2 4 b2)

as

where (51)-(52) define coefficients a4, c4,e4 and bpg,cp,ep. As, by market clearing, (53)-
(54) have to hold, the system (48)-(50) comes from plugging (55)-(56) into a;, by and the
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resulting formulas into (43),(44) and (16).
Finally, I derive expressions for c4,e4 and cg, ep and ¢y, e; as functions of the primitives

and 11, 7». First, collecting the terms multiplying y in (67) and (68), plugging in the definition

of ¢ gives
cp = — (mhbacs + (7505 +75) | €2 — &2 o (69)
7(b2)2 B 2 a; + b1
€9 2 Cy
= —— boca — b . 70
CA S(by)? A (Cz +baca — (82 + baea) a +b1> (70)

Using ¢; = pcg + (1 — ) ca and a; + by = pay + (1 — ) b This gives

c (1 — p) 75 (c2 4+ baca) + p (tgbocs + (1505 + 73) ¢3)
ay+by by (73 (1 —p) (aa+ea) +p(rgas +7303)) + g2 (1 — p) 73 + p (7505 + 73))

Plugging back this and the expressions for ey, by, g into expressions (69)-(70) gives the
result. By analogous steps I get

el o2 (1 (75 + 7303) + (1 — 1) 73)
atbr () (eateat B) o+ rhu(an+ B) - prdtd (14 8)

2 2
€9 Ta (S5}
(&) (- b
oA (b2> ¥ ( a; + by (B2 F 26A))
1 /e’ e g 2 2,2
- 2(&) (1- 82 i) .
°r Y (bz) < a; + by by (75 + 7a%%)

A.8 Proof of Lemma 2

By definition

ovye B
85 V_15|T1:ﬂ,'rz:?2,¢:<73 =
olaar3] _ st 7 o _
_ (1 _ /L) BJ] ’7’1=7'177'2=‘f27¢>=¢ " BJ] ‘7'1=‘7'1,T2=7'27¢=¢ + ba+eo |7-1:7’-1,7-2:1"2,¢=¢
(L= p)laari| + p(bp7s +0375) (1 — ) [bad| + p (bpTj + b377) op

. . . 0 aA7'2 ObnT2 +b27'2
By simple substitution, I can show that | 65’*' |l =r =g > Oand =520 o o o 5 <

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 (77), (73)* do not change in this limit with 8, so I have to only consider the direct

effects.
1.
_ _ (otmd)n _aPrira’utarta?uritaurttarir} @t Brimi it brird (el
a+B4w+Ti+7s (7127'22+a2u+a722+,3722+w7'22) (T%—i—au)
and
: b
0 (hm,HOO e—ll)
op
6 < (a—i—‘r%)u )
AL 1212
. atftwtri+m a27'22+a3u+a7§+o¢2,u7'12+a2u722+a7'127'22(27u)+/5'7'127'22+7{17'22+7'127§(lfu)+w7127'22_|_
86 (7'127'22+a2u+a7'22+6722+w7—22) (T%—i-a,u)
aa27'22+a3u+o¢7§+a2u7'12+a2/u'22+a7'127'22 (27u)+ﬁ7'127'22+7'i17'22+7127'§(17/1,)4’0.)7’127'22
+ 2 2.2, 2 2 2 2\ (2
« T5) 1 T{ T+ ptaty +BTs+wTs ) (T +ap
a+f+w+Ti+Ts B
where
o (o)
AL 22
atBtwtri+m3 a+ 73 0
op (a4 B4+w+12+71)
and
aa2722+a3u+a7'24+a2uT12+oz2u722+a712722(2—u)+,3712722+Tf722+7127'§1(1—u)+w712722
<T127'22+OL2[1,+QT22+5T22+&)T22)(T22+CY[L) B
op
T 7273 + 0%+ arj — ried
——T2(0é+7'2) 5 53 5 5 5 22<0.
(13 +ap) (P75 + o?p + ats + 13 + wTy)
2.
lim ﬂ _ 7_2 1—p 2247t A—p)+riri+ad ptari+aluri+al uri+ariti (2—p)+Briti+writs >0
K—00 €] 2 atptwtri+73 (r2r2+a2ptard+Bri+wrl ) (2 +au)
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and
. 1—p
al P Y v
Olimy oo oF o, atpretritny atritrinl(1-p)+rind+odutariaPuritaPurs varird Q- p)+Brivitwri s |
(Tl 75 +a2,u+om-2 +BT22+w72 ) ( +a,u)

ap ap
aa27'22+’rl27'2 (1- )—1—7'1 7'2 +as u+a’r2 +a? ,uTl +a? },LTQ +oz7'1 Ty 2(2— ,u)—l—,BTl Ty +w7’12722
+7’2 1-— 1% (7‘1 75 +a2’u+aT2 +B7'22+UJT2 ) ( TS Jra,u) <0
2 2 2 0
a+B4+w+T+ 18 B
im E - B §1+712722+a2u+2a722+5722+w722
K00 €] (a+5+w+7—12+7—22) (7-1 2402 ptari+pri+wrs )
and
3 472+ ut20ri+Bri4wrs
(a+ﬁ+w+7’12+722> (7'1 T5 +a2u+om'2 +,87'22+w7'2 ) >0
op ‘
lim i — a7<a+7—22) 22-1—7'1 75 F(1— /.L)-I—Tl 7'2 +a3 ;H—a’rQ +a? ,u,7'1 +a? ;LTZ +aT1 75 2(2— u)—l—ﬁ’rl 75 +w7127'22
K—00 €1 (a+72270¢u) (a+ﬁ+w+7’12+722> (Tl 7'2 +a? ,u+a7' +ﬁ‘r +w7’2)

,LLTl Ty +w7—1 7—2 —a/u—l T )

a a27-§+7127-§1+71 2+a8 ,u—l—cw2 +a? ,uTl +a? TS +2a7-1 TS —|—B’r1 7-2
(7‘1 2402 ptari+pTi+wrs )
op
2 2 2.2
_ 2( + 2) @putars +(1—p) 197 <0
2 (@ T T 2 2 22
(7272 + @?u + ati + 812 + wT?)

P a'y(oc+7'22)
(atr2—ap)(atB+wtri+rs) B

B
2
—ay at 5 < 0.
(a+13 —ap)(a+B+w+ 718+ 73)

4. it is a direct consequence of statements 1,2 and 4
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B Appendix: Figures

Trading intensities in periods 1 and 2
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Figure 1: Trading intensities and estimated pay-off uncertainty in Case 1. The top panel
shows trading intensities ay,bs, in period 1 and 2. The bottom panel shows A-traders’
estimated precision of second period price,%, and B-traders’ estimated precision of the
fundamental, 77. The x-axis is the precision of the public signal, . The vertical line depicts
g = ’2)—2, 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, 3.
The vertical line depicts 5 = %2, 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 \/La) in period 1 and 2. The x-axis is the precision of the

public signal, 8. The vertical line depicts § = ’2)—2, the threshold above which second-order

Price volatility in periods 1 and 2
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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, |a; +by|,ba and the share of A-traders private information in all
the private information incorporated in first period prices, ¢. In each plot, different curves
correspond to different fraction of B-traders on the market,u. The thicker the curve, the
larger the fraction. The x-axis is the precision of the public signal, 5. The vertical line
depicts [ = %2, 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, as, bg. The bottom panel

shows the decomposition of bg. 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,u. The thicker the curve, the

larger the fraction. The x-axis is the precision of the public signal, 5. The vertical line

depicts = %2, the threshold above which second-order expectations are polarized by more

public information.
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Public information elasticity of speculative volume
0.6 T T T T

0.4 —

0.3~ B

01 / .

02 \ ! ! ! ! !
0 1 2 3 4 5 6 7

precision of public signal, B

Public information elasticity of expected volume
18 T T T

11=0.05

1=0.2
16 H

0 | | | | | |
0 1 2 3 4 5 6 7

precision of public signal,

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,;i. The thicker the curve, the larger the fraction. The x-axis is the
precision of the public signal, 8. The vertical line depicts g = %2, 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,;s. The thicker the curve, the larger
the fraction. The x-axis is the precision of the public signal, 5. The vertical line depicts
g = ’2)—2, the threshold above which second-order expectations are polarized by more public

information.

29



Sensitivity to aggregate private information (A-traders) Sensitivity to aggregate private information (B-traders)
1

0.5 q
o —
Q@ ] <
— —
[ o
] . \\ |
-0.1r q
0.2 . . . . . 05 . . . . .
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
precision of public signal, B precision of public signal, B
Sensitivity to public information Sensitivity to supply noise
1 T T T T T 3 T T T T T
1=0.01 1=0.01
09} p=0.2 || p=0.2
25 ——1=0.6 |
— ]
2l |
1.5 q
“
2 1t R
—
05F 4
°l \\/
-05F 4
2 3 4 5 6 7 0 1 2 3 4 5 6 7
precision of public signal, precision of public signal,

Figure 8: Coeflicients 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,u. The thicker the curve, the larger the fraction. The x-axis is
the precision of the public signal, 3. The vertical line depicts g = %2, the threshold above

which second-order expectations are polarized by more public information.
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Figure 9: Coeflicients 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,u. The thicker the curve, the larger the fraction. The x-axis is

the precision of the public signal, 3. The vertical line depicts g = %2, the threshold above

which second-order expectations are polarized by more public information.
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