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| allow trading horizon heterogeneity across groups in a standard differential information model of
a financial market. This approach can explain the well-established phenomenon that, after a public an-
nouncement, trading volume increases, more private information is incorporated into prices and volatility
increases. In such environments, public information has the important secondary role of helping agents
learn about the information of other agents. Therefore, whenever the correlation between the private in-
formation of different groups is sufficiently low, a public announcement increases disagreement among
short-horizon traders regarding the expected selling price even as it decreases disagreement about the
fundamental value of the asset. Additional testable implications are also suggested.
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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.

For a fresh look at this puzzle, my starting point in this paper is that the trading horizon differs
across market participants. That is, some groups of traders buy assets knowing that later they will
have to resell them to others. Public information, in such an environment, aside from reducing
uncertainty about fundamentals, has an important secondary role of helping each agent guess the
private information of other agents. | show that this observation provides a novel explanation for
the well-established stylized facts that, after a public announcement, trading volume increases,
more private information is incorporated into prices and volatility increases. In particular, | show
that these facts arise naturally in a generalized Grossman-Stiglitz type model where agents’
trading horizons vary and there is sufficient heterogeneity in their information sets. | also suggest
additional testable implications.

The main result is based on a simple observation. Agents’ opinions about the opinions of
others (higher-order expectations) respond differently to public information than agents’ opin-
ion about the fundamentals of an economic object (fundamental expectations). In particular, a
public announcement might increase disagreement among agents in higher-order expectations
even if it decreases disagreement in their fundamental expectations. A typical case of this is
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when agents collect private information on different dimensions of the fundamental. For an ex-
treme examplg consider two groupd:-agents and-agents. Suppose that whereashagents

form their expectation about the fundamental, elrelyent has to guess the average fundamental
expectation of theJ-agents. That is, thé-agents form second-order expectations. This might
be the case in financial marketslifagents trade first and then expect to resell their assets to
J-agents. Suppose that the fundamental is the sum of two independent féctorg, + 9;.

While eachl -agent observes a different noisy signal@n eachJ-agent observes a different
noisy signal or¢;. The public announcement, observed by all, is a noisy version of the funda-
mental,y = 6 + . Without a public announcement, ttheagents agree in their guess because
their private signals do not reveal any information aboutlkegents’ signal. However, a public
announcement generates disagreement. For exampleagent with a high private signal on

the first factor relative to the announcement concludes that the other factor is most likely low.
Therefore, the average signal of theagents and their average fundamental expectation must
also be low. Anl -agent with a low private signal relative to the announcement reaches the op-
posite conclusion. Thus, the announcemalairizessecond-order expectations. Interestingly,
first-order expectations are not polarized, as disagreement regarding fundamental expectations
decreases among members of all the groups after the public announcement.

| incorporate this intuition into an economic context by analysing a generalized differential
information model of financial markets in the tradition @fossman and Stiglit¢1980) and
Hellwig (1980). Importantly, | allow agents to have heterogeneous trading horizons and to ob-
serve private signals with weak unconditional correlations. In particular, | assume two groups
of traders;| -traders andl-traders. There are three periods. In the baseline case] drdylers
trade in the first period. In the second peridetraders have to liquidate their assets and con-
sume the proceedd-traders trade in the second period and consume their financial wealth in
the third period when the fundamental value of the asset is realized. | interpret the setup as a
model of an asset being traded in geographically distinct locations. Examples include currencies
and cross-listed stocks. For example, consider the U.K. pound/U.S. dollar market. A large share
of the trading goes through dealers located in either London or New York. Thus, in terms of the
model, | -traders are dealers located in London anttaders are dealers located in New York.
Then, Period 1 represents trading hours in London and Period 2 represents trading hours in New
York. The main consequence of this structure is thtraders in the first period know that their
consumption depends on the second period equilibrium price they receivelfitoaders 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. Consistent with the
example above, whenever this correlation is sufficiently low, a public announcement in the first
period increases the dispersion in th&raders’ forecast of the second period price. | refer to an
information structure that satisfies this condition on the correlation structure as a weakly corre-
lated information structure. 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 into prices in both periods. Moreover, the volatility of the first period price can
also increase. As | 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
among thel -traders translates into active speculative trading after the announcement. Interest-
ingly, it also induces more trade among théraders in the second period becausel tiaders’
more active trading makes first period prices more informative. This reduces uncertainty for the
J-traders, making them more aggressive at trading on their private information.

1. I expand on this example in Sectign
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| also consider a second variant where biotihaders and -traders are present in the first pe-
riod. | analyse the effect of an increase in the share-whders in the population. | 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. This variant of the model helps to find new ways to test
my theory. First, my results imply that the trading volume of assets with a larger share of short-
horizon investors in their investor base should respond more strongly to public announcements.
This is testable, as recent work has constructed empirical proxies for the investment horizon of
the investor base of financial assétSecond, | connect my results to an observatiomBai-
ley, Karolyi, and Salvg2006) that the volume and information content of prices of recently
cross-listed stocks respond more strongly to a release of public information after the event than
before.

This paper is the first to highlight that public announcements can polarize market partici-
pants’ valuation of an asset without polarizing their fundamental expectations. It is also the first
to point out the potential for this observation to explain empirical patterns around public an-
nouncements in financial markets. Thus, my model provides a common-prior alternative to its
most successful rivals based on heterogeneous priors. | argue below that these two approaches
have a natural complementary role in explaining stylized facts related to public announcements
on financial markets.

There is a large previous literature focusing on trading and price patterns associated with pub-
lic announcements. The stylized fact that the trading volume of stocks increases around earnings
announcements has been known for decddscent studies based on high-frequency data sets
give a more detailed pictufeFirst, this stylized fact is true across various markets and various
types 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 announcehiénésly,
public announcements also increase return volatility.

Neither in representative agent models nor in standard differential information models are
the price adjustments caused by new public information accompanied by abnormal trading vol-
ume or volatility; thus, even the basic stylized facts are puzzling from the viewpoint of the most
standard modelR.Therefore, the majority of the literature is settled on the conclusion that a
viable explanation for these patterns requires models wherein public announcements increase
the disagreement among agents regarding the valuation of the asset. Observing that public sig-
nals in common prior environments generally decrease disagreement about fundamentals, this
literature developed in two directions. The first grotfing and Verrecchial997; Evans and
Lyons 2001) relaxes the assumption that public announcements are modelled by public signals.
Instead, public announcements are modelled as combinations of public and private ‘signals.

2. SeeéWahal and McConnel2000) andGaspar, Massa, and Mat(#&05).

3. SeeBeaver(1968),Bamber(1987), andKandel and Pearsqi995).

4. Fleming and Remolonél999) andGreen(2004) focus on the market for U.S. treasuries, wiiil@ns and
Lyons(2008) and_ove and Payné2008) focus on currency markets aBitlae(2005) andKrinsky and Leg1996) focus
on equity markets.

5. Krinsky and Leg1996) andFleming and Remolongl999) decompose the bid-ask spread around announce-
ments, whereag&vans and Lyong2008) analyse the joint distribution of the order-flow and prices to arrive at this
conclusion.

6. Motivated by this fact, the early literature (Kim and Verrecchi291;He and Wang1995) made small modi-
fications to the standard framework resulting in some trading volume around announcements. However, in these models,
trading volume increases because agents build up speculative positions before the announcement that they liquidate af-
ter observing the announcement. Informative trading does not increase after the announcement because disagreement
decreases. This is hard to reconcile with the stylized facts above.

7. Rabin and Schral1999) uses the same modelling strategy to explain confirmation bias.
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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 the information con-
tent of announcements, its potential to explain empirical patterns unrelated to announcements is
naturally small. This is in contrast to the second group starting Mattien (1989),Harris and
Raviv (1993), andKandel and Pearsofi995) assuming heterogeneous 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
puzzle$.

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

increases around public announcements because traders’ disagreement increases regarding the

valuation of the asset. Importantly, | point out that this is consistent with the combination of
common priors and public signals as long as a certain fraction of agents has a short trading
horizon. As short-horizon agents focus on the future price instead of the fundamental, in this
case, a public announcement can polarize market participants’ valuation of the asset without
polarizing their fundamental expectations. This model shares with heterogeneous prior models
the advantage that its main assumption, the presence of short-horizon investors, has proven to be
a fruitful approach in a wide range of economic contéxts.

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 the one
hand, unlike models with heterogeneous priors, common prior models are constrained by the no
trade theorems (Milgrom and Stoke}y982). That is, differential information does not generate
trade in itself without some type of noise in price determination. Thus, these models analyse
changes in trading volume for a given amount of noise. Because of this constraint, the assump-
tion of heterogeneous priors appears to be a natural candidate to explain patterns related to the
enormous trading volume of financial markets. On the other hand, heterogeneous priors imply a
lack of learning from other agents’ actions. Thus, these models tend to be inconsistent with the
evidence that, after a public announcement, a large flow of private information is incorporated
into the price. Because of this trade-off, these two classes of assumptions have a complementary
role in explaining patterns of trade and prices around announcedfents.

More broadly, this paper fits into the recent flow of papers analysing the effects of higher-
order expectations in various contexts. The most closely related part of this litétatnedyses
environments where various groups of agents act sequentially and the pay-off of early actors de-
pends on the actions of groups acting lafdign, Morris, and Shin2006;Banerjee, Kaniel, and
Kremer,2009; Makarov and Rytchkav2009; Angeletos, Lorenzoni, and Paya2010; Cespa
and Vives 2011;Goldstein, Ozdenoren, and Yua&011). Thus, early actors have to guess the

8. For example, heterogeneous prior models were shown to explain puzzles related to Hdabiesr( and
Kreps, 1978; Biais and Bossaert4998), overpricing of initial public offeringsMorris, 1996), and momentum and
post-announcement drifiBanerjee, Kaniel, and Kremgz009). See alsbixit and Weibull(2007) andAcemoglu, Cher-
nozhukov, and YildiZ2009) for a discussion of polarization due to the relaxation of the common prior assumption in
other contexts.
9. For exampleTirole (1985) andSantos and Woodfor(l 997) analyse the role of short horizons (OLG models)
in rational bubblesFroot, Scharftstein, and Ste{h992) connect short horizon of traders to herding, dives (1995)
relates short-horizon traders to the informational efficiency of prices. See ChapteN#8/83r{2008) for more related
literature on short-horizon traders in rational financial models. Also, starting otmstrom and Cost&1986) and
Shleifer and Vishny1990), there is a series of models providing micro-foundations for the existence of investors with a
short horizon.
10. SeeBanerjee and KremdR010) as a notable example of mixing these two sets of assumptions.
11. Arelated group of papers focuses on “Beauty contest” environments where the pay-off of agents is a weighted
sum of the deviation of their actions from an optimal level plus the deviation of their actions from the average actions of
others (se&Voodford 2001;Hellwig, 2002;Morris and Shin2002;Angeletos and Pavag007).
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information of agents acting later. Applications include financial markets, currency attacks,
and the interaction between stock prices and real investment. None of these papers considers
information structures with the possibility of polarized higher-order expectations.

The structure of this paper is as follows. In the next section, | illustrate with an example
how public signals can polarize higher-order expectations in Gaussian information structures. In
sectiong3, | present the financial application, characterize the equilibrium, and discuss additional
empirical implications. Finally, | conclude.

2. POLARIZED SECOND-ORDER EXPECTATIONS: AN EXAMPLE

Before introducing a model of a financial market, | illustrate the driving force behind the re-
sults using a simple example. In this example, a public announcement increases disagreement in
second-order expectations without increasing disagreement in first-order expectations.
Consider groupsd and J with a unit mass of agents in each group indexed k&and j.
J-agents form expectations about a fundamertal,-agents form expectations about the av-
erage expectation af-agentst? These are second-order expectationg/oithe fundamental
value is the sum of two independent factas= ) + 6. Eachl-agenti observes a private
signal about the first factox, =6, +¢', and eachl-agentj observes a private signal about the
second factoiz! =8;+¢!. The difference across the two groups’ information sets represents an
unmodelled specialization in information acquisition. | am interested in the change of dispersion
in first- and second-order expectations after the release of a public sygaal,+ 5. | assume
that each factor and noise term are drawn from an independent distribution

1 D 1 1
6,,0;~N (0,—),8',8J~N (0,—),77~N (0,—).
v a p

First, consider the case before the public announcement. The fundamental expectation of
eachJ-agent is a linear function of the private signal

E@©|Z) =b"Zl,

whereb" > 0 and then superscript stands for no announcement. The average expectation in
groupJ is .
E@©|Z)) E/ E@©|z))dj =b"9;.
0

Then, a measure of the dispersion in fundamental expectations is

! =i b2
iy — idi =
/OlE(9|Z) E@|z )ldj_ﬁ .

Each ageni in groupl forms a second-order expectation
E(E@©@|Z)|x") = b"E(#;|x") = 0.

The second-order expectation is 0 independently of the private signal ofidzprguse -agents

have private information about thefactor only, whereasl-agents have private information
about theJ factor only, and the two factors are independent. As the fundamental expectations
of J-agents depend only on their private signialagents’ private information is useless for

12. In the main model, each agent in grdupventually wants to sell her asset to someone in gupis is why
she is interested in the expectations of grdupiowever, to keep our example simple, in this section, we do not model
the motivations of agents.

9702 ‘T2 JoquisnoN uo 1senb Aq /610°sfeusnolploxo pnisal//:dny woly papeojumoq


http://restud.oxfordjournals.org/

1180 REVIEW OF ECONOMIC STUDIES

forming expectations about the fundamental expectation of the avdragent. Consequently,
the dispersion in the second-order expectationsafents is also 0.

Consider now the case with a public announcement. 2dagent’s fundamental expectation
is linear and can be written as follows:

E@IZ),y) =bZ +cy,

whereb, ¢ > 0 are constants. As above, the dispersion of fundamental expectations is

B0, y)— E@)7 d'_ﬂ\/?
| B2y~ @iz yiai = DL 2.

By calculating the coefficients, it is easy to show that the dispersion decreases after the an-

nouncement as
av av n

b = < =
v24+av+Ba+2v)  vZ4av
This is intuitive. EachJ-agent has more precise knowledge about the fundamental after observ-
ing the public signal; thus, the disagreement amdragents decreases.
Note thatl -agents second-order expectations are no longer independent of private signals

E(E@IZ,y)IX,y) =bE@®;Ix',y) +cy=b(ax +cy)+cy,

wherea, ¢ # 0 are the coefficients i (93X, y). Consequently, the dispersion in second-order
expectations increases from zero to

1 = i i = = i i . |ba| 2
/ [EEWO1Z), y)IX,y)— EE@IZ, )X, y)ldi = 2 [2 = o,
0 NIAR.

Thus, second-order expectations podarizedby the public announcement. The idea is that the
information that a public signal gives about the sum of the two factors can be combined with
a private signal to reveal the likely value of the other factor. For exampléragent with a

high private signal regarding relative to the announcement concludes that the other factor is
most likely low and, therefore, that the average signal of thegents and their fundamental
expectation must also be low. In contrast, laagent with a low private signal regardirly
reaches the opposite conclusion. Thus, there will be dispersion amongathents about the
expectation of the averagkeagent.

Due to the critical role of the strength of connections across private information sets, polariza-
tion in higher-order expectations differs from polarization in first-order expectations. When an
I -agent forms expectations regarding the fundamental expectations of the ayeaggat,she
has to forecast the private signal of that agent. Whem-thgents’ private signad' is informative

13. Whenever | calculate the coefficients of conditional expectations of normal variables throughout the paper, |
use the projection theorem. This states thapifindvs are vectors of variables that are jointly normally distributed with
the vector of expected valugg andus, respectively, and the covariance matrix of the veotgr Ys] is

[ 2y Zﬁ,s]
Zs0 Zs |’
whereXy, Xg s, Xs 9, Zs ¢ are the appropriate submatrices, then

(vgIvs)~N(ug + 20,525_1(VS —us), Zg—Zg.s 2:5_123,9)-
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about the private signal, then the dispersion of the-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 infor-
mation structure is virtually always assumed to be of the form where both private and public
signals are noisy observations of the fundamemta 0 +¢',z) =0 +¢l,y =0+ 5. Virtually,
all models of financial markets with constant absolute risk aversion (CARA) and normal dis-
tribution impose this information structure. This is why | refer to this structure astdmelard
information structure. As | show in this section, polarization is inconsistent with 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, | use a more general information
structure than the one in the example. In particular, | assume that the fundamental is the sum of
three factors

0 =06 +03+06k 1)
and the private signals défand J-agents and the public signal are
X' =0, +0k +¢', @)
7 =05 40k +¢ (3)
and the public signal is
y=0+n. (4)

All factors and noise terms are drawn from independent normal distributions

1 1 oo 1 1
6,0, NN(O,—), Ok NN(O,—), e el ~ N(O,—),n~ N(O,—). (5)
v 1) a p

Note that, apart from the group-specific factrsandd;, there is also a common factég
that all agents learn about. The advantage of this structure is that, by choosing, it nests
the standard single-factor information structure, whereas choasingoo yields the structure
of the current example wherein the private information sets are independent. Nevertheless, this
structure is simple enough to give tractable expressions. | refer to the information structure given
by equations1)—(5) as theyeneral information structure

Throughout the paper, instead of comparing equilibrium objects with and without announce-
ment, | consider only the situation when the public signal is observed, and the announcement
is considered an increase in the precision of the public informafiohalso refer tog as the
amount of public information. The following proposition gives a necessary and sufficient condi-
tion for polarization in the informational environment given by equatidns(b).

Proposition 1. Given the information structure, equation)€(5), a public announcement
always decreases disagreement among agents’ fundamental expectations in each group. That is,
2 Jy1E@IZ, ) —E©IZ), y)ldj 2 J3 IE@IX,y)— E@IX, y)ldi
op ’ op
Furthermore, a public announcement increases disagreement among |-agents about the average
fundamental expectation of J-agents, i.e.
2 Jy |EIE@1Z, y)IX', y] — E[E@IZ], )X}, y|di
op

< 0.

>0,
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if and only if )

p> = 6)
w
holds.

To see the intuition behind conditioB) note that in our information structure, it is equiva-
lent to the condition o . '
corr(x', z!) < corr(x', y)corr@, y), )

where cor¢-, -) is the correlation between the variables. Thus, the proposition states that more
public information polarize$-agents’ second-order expectations if and only if the 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
wherein the correlation between the private signals of the agents in the different groups is zero. In
contrast, the standard information structure imposes a rigid structure on the correlation structure
of signals and. In particular,

cov(xi , zj) = cov(zj ,Z2") = cov(xi XM = cov(xi ,Y) = cov(zj ,y) =var(d) (8)

for any agents, j,n, m. Itis easy to confirm that this structure violates equatians(d (6).
Throughout the paper, | refer to the combination of equati@is(b) and assumptiorb) as
aweakly correlated information structure
In the next section, | argue that the statistical property highlighted in this section has im-
portant economic consequences by modifying a standard workhorse model of financial markets
with differential information.

3. TRADING WITH HETEROGENEOUS HORIZONS AND DISPERSED INFORMATION

In this section, | consider the effects of public information on strategies and prices in modified
versions of a standard three-period rational expectation equilibrium (REE), Grossman-Stiglitz-
type model* | deviate from the basic model along two main dimensions. First, | consider the
general information structure instead of the standard information structure and second, | allow
for the interaction of two groups who consume at different time points.

The effect of public announcement on trading positions can differ from its effect on expec-
tations derived in the example of the previous section. First, in the model, endogenously deter-
mined prices serve as public signals and pay-off-relevant variables. Second, as traders are risk
averse, their position depends not only on their expectation of the pay-off from their portfolio
but also on the uncertainty about that pay-off. The main purpose of this section is to analyse how
these channels affect the mapping between the example and observables in a financial market.

As in the example, | consider two groups of traddr@nd J, trading the same risky asset
and a riskless bond in a three-period model. | consider two main versions of the model. In both
versions,| -traders sell all their holdings td—traders at the beginning of Period 2 and consume
the proceeds, wheredstraders consume only in Period 3. However, in Case 1, brthaders
are present in Period 1, arddtraders arrive only in Period 2. In Case 2, both groups are present
in Period 1. | will show that these variants nest several classic models, inclddiivgig (1980)
andBrown and Jenning€l989), and the two-period versionstdé and Wand1995) andAllen,

Morris, and Shin(2006). In this sense, my structure is general.

14. SeeGrossman and Stiglit¢1980), Hellwig (1980), Diamond and Verrecchigl981), Brown and Jennings
(1989),He and Wand1995), andAllen, Morris, and Shirn(2006).
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The two cases differ in their interpretations and in their analytical complexity, but they share
the same main results. The main finding of this section is that the combination of heterogeneous
trading horizons and a weakly correlated information structure implies polarization in higher-
order expectations. This leads to increasing trading volume, increased information content of
prices and potentially increased volatility of prices around announcements in otherwise standard
Grossman-Stiglitz-type models. This pattern is consistent with the vast body of empirical work
cited in the introduction.

3.1. Case 1: Local traders in a global market

There are two groups of traders each with unit maasdJ trading a risky asset and a riskless
bond. The return on the bond is normalized to 1. There are three petieds,2, 3. | -traders
trade in Period 1 and sell all their holdingsdetraders at the beginning of Period 2 and consume.
J-traders trade only in Period 2 and consume in Period 3 when the uncertain fundamental value
6 is realized. Each agent has CARA utility over final wealth with the identical risk-aversion pa-
rametery. The total supply of the risky asset in each periegdandu; = u; + Aug, is normally
distributed and in_depende?‘ﬁ.Each trader forms her demadg or dg conditional on her infor-
mation setZil orI%, which includes current and past prices. In equilibrium, ppcéas to clear
the market in period = 1, 2.

The demand of eachtrader solves

maxE[—e M |7i] ©)
d

W, =dy(p2— p1), (10)

and the demand of eachtrader solves

maxE[—e‘VWJj )] (11)
d
Wi =dl - p. (12)

Random supply shocks andu; are drawn independently from the distributions

1 1
U]_"‘N O,—2 andu2~N 0,—2 .
51 52

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 custdimersiso 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 about global currency
markets. First, a large proportion of the trading volume is generated by dealers operating in

15. The independence of anduy implies that®UL-A42) _ _1 This s clearly a stark assumption, but it 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.

16. Starting fronDiamond and Verrecchi@l981), it is common to interpret the random supply u, as the sum
of the initial endowments of traders. In our context, this random endowment could be interpreted as the customer orders
of dealers. There is a setup that is formally equivalent to our version but uses this alternative interpretation of random

supply.
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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 located in an other geographical location. For example,
consider the U.K. pound/U.S. dollar market. A large share of the trading goes through dealers
located in either in London or in New York. Thus, in terms of the motlétaders are dealers
located in London and-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 sell their excess
positions to New Yorkers at the end of their trading #&Cross-listing of stocks is another
example where geographical segmentation seems to play an importatit iolgeneral, | will
refer to this setup as a model of local traders in global markets. This structure is especially useful
for my purposes because of its analytical tractability.

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

i ={x',y, p1},
) ={z,y, p, p2}.

I look for a linear rational expectation equilibrium defined as follows.

Definition1. A linear REE is given by the linear price functiopg, p2, mapping the aggregate
random variables to prices and individual demamﬂsdé, such thatl anddé solve problems
(9)—(11), respectively, ang; clears the market in peridd= 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 v = oo, the information structure becomes the standard informational structure.

2. If 1 — 0, the second period environment is the same as a static environment, as first
period prices become uninformative.

3. If § — 0, the environment converges to an environment with no public announcement.

Thus, combining different subsets of these limits, this model nests many models in the litera-
ture. For example, with; — 0,v — oo, the second period is closelttellwig (1980). The limit
v — oo is the two-period version ddllen, Morris, and Shin(2006). In this sense, the presented
framework is general.

In this section, | characterize the equilibrium. First, | show that an equilibrium always exists
in this model. Second, | analyse trading volume. | show that bathders in the first period and

17. See (Lyons2001, p. 46).

18. As understanding this particular market is not the main purpose of this model, | keep the framework close to
the standard models of trading with differential information. Thus, | abstract from many other institutional features of
this market such as the interdealer trade, the structure of price quotations and market orders and intraday dynamics.

19. Although in theory, local markets could work as one global market, several studies find significant segmen-
tation in trading activity in these markets. For examplelatkonak and Sofiang$999) finds that 40% of the variation
in the U.S. market share of trading volume of cross-listed stocks can be explained by the hours of overlap in trading
between the New York Stock Exchange and the home market for the stock. Séaktthal and Youn(1990) and
Froot and Dabor1999).
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J-traders in the second period trade more after a public announcement wh%zqeve’;h ie.
whenever the expectations bfiraders about the second period price are polarized by the public
announcement. Finally, | analyse the volatility of prices.

3.1.1. Equilibrium. The derivation of the equilibrium is standard. First, | conjecture the
price functions

b2(0 +60k) + C2y + 9201 — U2
p2 = )
=)
oL = a0 +0k)+c1y—us
€

whereay, by, ¢1, C2, €1, €, andgy are undetermined coefficients. Second, | derive the optimal
demand given these price functions. For this, observeghandy are informationally equiva-
lent toy and the “price signalj; of the first period defined as follows:

—C u
q= P g g - 22 (15)
al ag

(13)

; (14)

The conditional precision afj is as follows:

1
2 2.2
T=——— =/7a7.

YT vanalor +0k)

Similarly, pz, y, andg; are informationally equivalent tg, g1 and the price signady of the

second period defined as follows:

qZEezpz—Czy—gzmz(eJ_i_eK)_% (16)
b2 b2
with a conditional precision of
1
2= b302. (17)

var (ol0; +6k)
| also definday, C2, &, 02, anday, c1, e1as the linear coefficients of the conditional expectations

E@1Z),y,qu, G2) = boz) + Coy + €202 + G201 (18)
E(qIX',y,q) =aix +c1y+eq (19)
and
‘L'2 = — 1
" var@zl, y, q1, g)
o SR

var@lx', y, g1)

as the corresponding precision. Note that each boldface letter refers to a coefficient in the price
function, whereas its nonboldface version refers to its closest equivalent in the expressions for
conditional expectations. Note also that all the expectational coefficients and precisions are func-
tions of the primitive parameters and the equilibrium values, pf>. Then, the first-order con-

dition of the problem ofl-traders, equation (11), gives

2
- |
dl = 79(E(<9|zj,y, 02, A1) — P2) (20)
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and problem (9) gives

1 2 -
di == &2 2(E(p2lX', Y, 1) — ). (21)
y \bz2/ ¢

Note that the forms of equation8Q) and 21) differ because-traderg are interested in the next
period price,pz, as opposed to the fundamental value. The téﬁ;ﬂ) rqz is the precision ofy
conditional on the information set dftraders.

Imposing market clearing and using expressidi&-€(19) and definitions (15)—(16) give ex-
pressions foip, and p; as linear functions of the random variables with coefficients that depend
on the primitives and ohy, a1, 2, €1, €, €1, andg. For an equilibriumby, a1, ¢, €1, €, €1, and

02 must be found that ensure that these price functions are identical to conjed®irgd.4). The
next proposition follows.

Proposition 2. 1. For all parameters, there exists a linear REE. In this equilibrium, demand
functions are given as follows:

d) =by7) + oy +goth — €22, (22)
di =aix' +cry—eips, (23)

while price functions are given by equatiods8j—(14), where

b
bz:‘[gz_z’ (24)
Y
b, ¢
202 2
2=t ’ 25
2= bt e (25)
b
2 2
=1tj———,and 26
&= byt ) (26)
by g
2
=y 27
% Hyez-l-bz (27)
and
‘L'2 a
q 1
al] = — , -
1T et (28)
C1= T_‘? (b2 +e2)c1+C2)ay and
y (&2+b2)((&2+b2)(a1+e1) +g)’
‘L'2 a
elz_q 1

y (e2+by)((e+b)(ar+e1)+g)’

Furthermore, all coefficients and equilibrium constants are calculated; at z; and
12 = 75, Where[z], 77] is the fixed point of the system

b
0122 =1, (29)
0
Y

2
T a1

o3 =11 30
y e+by (30)

9702 ‘T2 JoquisnoN uo 1senb Aq /610°sfeusnolploxo pnisal//:dny woly papeojumoq


http://restud.oxfordjournals.org/

KONDOR THE MORE WE KNOW, THE LESS WE AGREE 1187

2. Whenv — oo, there is a unique linear REE, where

. 02
To =0 —
27y
52
* 2 2
7 =00 ——-.
! y (y2+ad3)
3. When% = f, there exists a unique linear REE, wherg = 0 and z; is the unique

solution of

ad2(v +w)% =100%4+ (v +w)(o + rf) + 2vw).

The proposition states that finding an equilibrium is equivalent to finding a fixed point
[z{,7;] of the system equation29)—(30). Note also 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 equilibritig %zt
Recall from Proposition 1 that this is an important point in ourfarameter space, as second-order
expectations are polarized by the public signal if and onf/if *-.

3.1.2. Trading volume and information content in trades. | start with a general anal-
ysis of traders’ equilibrium demand. Note first that rearranging equatiénfér p, and substi-
tuting into equation (22) gives the first equation in the chain

2
d) =ba(Z —p) = 70[b2(zJ — )] =bae! +u,. (31)

The second equation comes from equatiah)( whereas the last one is a consequence of the
definition of equation (16). This chain of equations is intuitive. The first expression states that
each agenj forms her price contingent demand as follows. She considers the difference between
z'andqp; 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 agemias 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 dependis amhich | 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 a difference in information translates into a difference in estimated fundamental
value. The larger this term, ghe larger the agent’s perceived difference between her estimate and

that of the market. The terdd shows how the difference in opinion is translated into positions.
The smaller the risk aversion of the agent,and the larger the precision of her fundamental
estimation,rez, the larger the bet she wants to place for every unit of difference in opinion.
Importantly,b, b, andrg- are all functions of the deep parameters and the precision of the price
signal,z>.

The last expression in equatiodl( shows that at the equilibrium prices, agents end up with
a position that 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 part is the trading intensity weighted private noise.
| refer to this part as the speculative position. Importantly, agents cannot distinguish these two
parts of their own position, as they know neither the supply nor the noise term in their private

9702 ‘T2 JoquisnoN uo 1senb Aq /610°sfeusnolploxo pnisal//:dny woly papeojumoq


http://restud.oxfordjournals.org/

1188 REVIEW OF ECONOMIC STUDIES

signal?® This decomposition helps reveal how and why trading volume and other equilibrium
objects react to public information.
In the same way that | derived equatidi], | also derive the analogous expressions for
| -traders
d:au%—qo=f§—3L4%—qn=aﬁﬂ+w. (32)
' y e+b
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@©1Z',y,q.q1)dj — %uZ
0 [0

Thus, | rewrite first period demandX), as follows:

1(e)\ . ! j LY i
“\=) q|E / E@IZ',y,d2,00)d] — u2/x',y, 01 | = P1 |- (33)
y \b2 0 75

Note that the term in the squared bracket is the difference betwednrtthder's expectation of
the average expectation of tldetrader (a second-order expectation) and the first period price.
As | will argue, this second-order expectation carries all the intuition built in Se&idrhe
term (%)zrqz is the precision of thé -traders’ estimate. This part is endogenously determined
in this model, and it can modify the basic intuition of Sectithiimportantly, in a REE, agents
do not form expectations about the expectations of others. Still, the logic of the example in
Section2 can be applied in two ways. First, one can interpret expression (33)as drsense.
Traders in the first period form their demand as if they were forecasting the expectation of
the average] trader. Second, as | show in online Appendix C, our model is a specific large
number limit of a strategic model wherein the agents do form expectations about the strategies of
others.

Similar to the decomposition of demands in equation (31), | also define and decompose
trading volume as one of the key objects of interest. Given that agents do not hold a position
when they enter the market, the expected volume in each period is

) 2

Vi = E(d)) = +%) (34)
. b2

Vo=E(d)]) = +;2)

| refer to the first term in the brackets on the left-hand side as the risk-sharing part of volume and
the second part as speculative volume. Whereas the risk-sharing part is exogenously given by the
variance of the random supply, the speculative part depends on the equilibrium trading intensities
bs, a;. Note that the volume is influenced by neither the realization of fundamental factors nor
the public announcement. As our main interest is the change in that part of the volume that

20. In fact, as explained and clarified Biais, Bossaerts, and Spg#010), the fact that the demand of trader
positively depends on the error term in her private sigrlalis a form of winner’s curse. If the trader could distinguish
betweere' anduy, she would avoid this curse.
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is driven by dispersion in private information, | also define speculative volume as the realized
volume when aggregate random variables are at their expected values.

[az]

V20w

1 P b
V=3 [ 1d}idika-o= J%

Itis apparent that, in Case 1, changes in the amount of public information affect 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 do | present
arguments against the classic no trade theorems. Just as in any other common prior setup, differ-
ential 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 volume and
holdings in equations (31) and (34) go to zero as the noise in supply diminishes. However, the
decomposition of holdings and volume in equations (31) and (34) also illustrate that dispersion
in private information adds to trading volume in a market where prices are not fully revealing.
To see this, consider the limiting case—~> oo. This coincides with the symmetric information
benchmark. At this limit, the speculative part of equilibrium demand diminishes and only the
risk-sharing part remains. Thus, the additional effect on trading of differential information for
a given amount of noise is measured by the speculative component in each object. Given that
this component depends on the equilibrium objéetsa;, the way the combination of traders’
heterogeneous trading horizon and a weakly correlated information structure influence the spec-
ulative 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. | define a measure for this as follows:

1
Kj=———
1= var(ul0) +6k)
p— 1 —
~ var(@elf; +6k)

1 "
Ve = §/|d|1|d||u1:0=

02 = o2, (35)

Ko 12 = 52b3, (36)
where | use equation28) and 24) for the last equation in each expression, respectively. When
this measure is zero, the price does not aggregate any private information. When it is infinity,
it aggregates private information perfectly. Note that from equati8ay{rading volume and
the information content of prices, it is sufficient to study its effect on the absolute value of
trading intensityby|, |a;|. When the trading intensity increases in absolute value, our measures
of volume and the information content of prices also increase.

| start the analysis with the limit where the importance of group-specific information di-
minishesj.e.v — oo. As pointed out above, this limit corresponds to the standard information
structure. The following proposition shows that public information affects neither trading vol-
ume nor the information content of prices in this case.

Proposition 3. Whenv — oo, neither trading volume nor the information content of trades is
affected by the amount of public informatignThat is,

oby o oVi 0Ky -0

op B o B
fort=1,2.
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To understand this result, note that the effect of public information on trading intensity in
each period can be decomposed as follows:

olb 1ot 1( ,ob ot2
b2 _ 107502 1 222 1,20 37)
op vy op Y op op
i g
Olaal _ 10548 _ 1 y0a  _ Igih

+a

# 7 o s\ o 9

The first term in the bracket is public information’s effect on the weight of the private signal in
each agent’s conditional expectation, whereas the second term is public information’s effect on
the precision of their expectation. It is easy to confirm that, at the limit oo, the first term

is always negative, whereas the second term is always positive, and their absolute value 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
about their estimation of the fundamental value. This increases trading intensity. Prop®sition
states that these two effects exactly cancel out in the standard information structure. As has been
pointed out in previous worke(g, Kim and Verrecchial991;He and Wang1995) this result

is not robust. Still, the existence of these two opposing forces is a general feature of previous
CARA-normal REE models.

In contrast, an important result in this paper is that in our setup the effects of an announce-
ment on precision and conditional expectations not only do not cancel out, but they have the
same positive sign, leading to a large increase in trading volume in response to more public
information.

Let us turn to the general case wheis finite so the common factor does not fully dominate
the fundamental value. | start the characterization with the following lemma.

Lemma 1. In every point Wheré%% exists for both & 1,2

0lay| d|ba|
sgn{ —— ) =sgn

The lemma states that for any combination of the parameters, public information affects ab-
solute trading intensity (and consequently trading volume and the information content of prices)
in the same way across the two periods. The underlying intuition is thiatr#ders trade more
aggressively, the price in the first period becomes more informative. Hence, the precidion of
traders’ pay-off estimations increases. Consequently, the lemma states that even if decreasing
disagreement amongrtraders decreases trading intensity, the effect on precision dominates.

Now | turn to the main result of this section. Recall from Propositiathat in our exam-
ple, the public signal polarizdstraders’ expectations regarding the expectation of the average
J-trader in a weakly correlated information structure, if and only if g > ”w—z Furthermore,
expression33) shows that the second period price is closely related to the average expectation
of the J-traders. Thus, if polarization is indeed the main determinant of the increase in trading
volume, thel -traders’ volume should increase if and onhygif> ”—; By Lemmal, J-traders’
trading volume should also increase under the same condition. That is, polarization among
| -traders increases trading volume among both group of traders even though disagreement about
the pay-off amongdl-traders decreases after the announcement. By previous arguments, the ab-
solute trading intensities of the and J-traders|a; |, |b2 and the information content of prices
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Trading intensities in periods 1 and 2 Estimated precision of pay-offs
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FIGURE 1
Trading intensities and estimated pay-off uncertainty in Case 1. The left panel shows trading intenbitiéa Periods
1 and 2. The right panel showstraders’ precision of second period price estim@(&%)2 and the precision o8-
traders’ estimate of the fundamen@. The x-axis is the precision of the public signgl The vertical line depicts
B = % the threshold above which second-order expectations are polarized by more public information. Parameter
valuesare =1,0w=41,v=2,anda =d1 =dp =5

should change similarly. This is indeed the case as illustrated in Fipufde left panel of
Figurel shows trading intensities that follow the predicted pattern. The right panel of Figure
shows the precision of the traders’ pay-off estimatifj], (%2)215. As expected, the increase

in trading intensity is partially driven by the increase in the precision of the estimates. The left
panel of Figure shows that more public information increases trading volume in both periods as
long asp > "—: In the next proposition, | show that these results are general as long as the trading
intensitiesay, b, are continuously differentiable in the amount of public informatj®s!

Proposition 4. There arewmin € [0, ”,72) , Omax € (”’72 oo] that as long as € (wmin, wmax) there
are corresponding;, 75, which are continuous 1w and continuously differentiable ifi and
w. Furthermore, wheriwmin, ®max) is the largest such set, as long @as= (”’TZ,wmax)

dlai| olbal
op -’ op
That is, in weakly correlated information structures, the absolute values of trading intensity,
volume, and information content of prices all increase in both periods.

> 0.

3.1.3. Volatility of prices. Turning to prices, by definition, the coefficierts, 2 show
the price effect of the part of fundamentals that agents have private information on, the coef-
ficients é, é show the price effect of supply shocks, wher(gzé,s% show the price effect of

21. Although experiments with a wide range of parameters suggest that this neighbourhood is the whole parameter
spacej.e. omin = 0, wmax = 00, a general proof for this was not found. Hence, the weaker statement.
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Speculative volume in periods 1 and 2 Price volatility in periods 1 and 2
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FIGURE 2

Speculative volume and price volatility in Case 1. The left panel shows speculative volume in Periods 1 and 2. The right

panel shows the volatility of prices in Periods 1 and 2. Xkexis is the precision of the public signgl The vertical

line depictsp = % the threshold above which second-order expectations are polarized by more public information.
Parameter values ape=1,0 =4-1,v =2,anda =Jy =dp =5

public information. The first two sets of coefficients are particularly important because they
determine the relevant measure of price volatility as

2
_ (Y (o, 1

Zl:var(p1|y)—(e1) (v+co)+(e1)251 (39)
bo\2/1 1 1

o =var(pzly, p1)=(é) (;+5)+m- (40)

Both measures are conditioned by publicly observed variables in the given period.
Starting again with the standard information structure, the following proposition holds.

Proposition 5. Whenv — oo, in each period,

1. Prices are positively affected by the average information of traders, and this effect de-
creases with the precision of public information. That is,
bo a1
b, a Oe Og
28 02 &
e e op = op

2. Prices are positively affected by public information, and this effect increases with the
precision of public information,
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3. Prices are negatively affected by supply shocks, and this effect decreases with the precision
of public information

g,a>o,—e2 & <0.

4. Price volatility decreases with the precision of public information

0X1 022
BB -

As the last statement in the proposition shows, under the standard information structure,
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 information and
less on every other piece of information. Thus, the price is more sensitive to public information
but less sensitive to every other shock. As our volatility measure is only affected by sensitiv-
ity to private information and supply shocks, more precise public information decreases price
volatility.

As | show in the following proposition, this monotonic pattern generally disappears in a
weakly correlated structure.

Proposition 6. For any set of other parameters,
1. Thereis an intervaB; C (V—“; oo) such that

2|3

el

Wlﬁe& >0,

i.e. in certain weakly correlated structures, the absolute value of the price effect of the
average information of traders in period 1 increases along with the precision of public
information.

2. If the variance of the supply sho%lf, is sufficiently small and;", z; are continuous ir
in (% 00), then there is an intervaB, C (5’—2 oo) such that

o5

el

WlﬁEBz >0,

i.e. in certain weakly correlated structures the absolute price effect of the supply shock in
Period 1 increases along with the precision of public information.

This result states that in weakly correlated structures, the price may 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 sensi-
tivities increase in precision. Figu@shows the equilibrium price coefficients, and the right
panel of Figure2 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 wherein more public informa-
tion increases the volatility of price in Period 1. This range is indeed within the intgfato),
i.e.it corresponds to a weakly correlated information structure.
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FIGURE 3

Coefficients of the price function in Case 1. Each panel shows a given coefficient of the price function in Periods 1

and 2. Thex-axis is the precision of the public sign#l, The vertical line depictg = -, the threshold above which

second-order expectations are polarized by more public information. Parameter valyes are» = 4.1,v = 2, and
a=01=0d=5
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3.2. Case 2: Heterogeneous trading horizon

In this part, | analyse a second variant of the model whkteaders enter in the first period.
Thus, | -traders andl-traders can both trade in the first period. Just as before, in the second
period, | -traders sell all their holdings td-traders, leave the market and consume, whereas
J-traders only consume in the third period. Also, | normalize the total mass of traders to 1. In
particular, the measures bftraders andl-traders arél — ) andu, respectively. Although the
random supply in the first period is still, to make sure that the supply per capita is independent
of u, | assume that the random supply in the second peripalijs whereu; anduy are drawn
independently from the distributions

1 1
ui~N{ 0,— J,ux~N{ 0,— ).
1 ( a%) i ( 5;)

In every other respect, the setup remains the same. Formally| eaatier solves problen®y,
whereas al-trader solves problem (11) in the second period and

maxE[—e~" W3 |7]] (41)
dj

W) =d (p2— pp) +d) 60— p2)

in the first period, wherdé is the optimal strategy in Period 2 aﬂéi ={zl,y, p1} is the infor-
mation set of]-traders in Period 1.

This case might be more well adapted to equity markets where individuals and institutions
with different investment horizons co-exist. Whereas 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’ incentive
schemes and the duration of their liabilitR¥sDepending on the groups of long-term and short-
term traders being considered, the interpretation of the length of each interval should also vary.

One can think of«, the fraction ofJ-traders,as the degree of market integration of the two
markets for a particular asset. When this fraction is high, the majority of traders directly trade
with all other traders. Thus, the market is well integrated. In contrast, when this fraction is low,
the typical trader in the first period is different from the typical trader in the second period. Thus,
the market for the given asset is segmented. | focus on the effect of the changing proportions of
the two groups on trading activity. | argue that in a weakly correlated information structure, at
lower values ofu, (i.e. lower proportions of long-horizon traders or, equivalently, less integra-
tion of the market for a given asset), the responses of volume, price information content, and
(potentially) volatility to public announcements are all more pronounced. As | argue, apart from

providing a robustness check, Case 2 also provides testable implications regarding the effects of

market integration on trading activity. | will refer to this setup as a model of heterogeneous trad-
ing horizon. The drawback of this case is that | have to rely partially on numerical simulations
for its analysis.

Given the similarity of the derivation of Case 2, here | only highlight the differences with
respect to Case 1. More details on this derivation and on the equilibrium objects are in online
Appendix B.

22. SeeHotchkiss and Stricklan(2003) andDerrien, Thesmar, and Kecskg011).
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3.2.1. Equilibrium. | follow the same approach used in Case 1 to find a linear REE. |
conjecture linear price functions, and under these conjectures, | find traders’ optimal demand for
any given price. Then, | find the particular coefficients that validate the initial conjecture. The
additional complexity compared to Case 1 comes from two sources. First, instead of each agent
solving a one-period problend-traders solve a two-period problem. Second, the first period
demand aggregates the different demand functions of the two groups.

There is little change in the structure of the second period, implying that the price function
conjecture (13), the definition of the price sigaland its precisiorr, remain unchanged. The
conjecture for the first period price changes to

oL = ap(0) +0k)+b1(03+0k)+cry—uy

42
. (42)
and the definition of the price signal corresponding to Period 1 changes to
€1p1—Cy
=———"==(1-¢)0 +¢0;+6k — ug, 43
h=—_Th, (1=p)01 + 03 + 0k a b (43)

where¢ = allilb is the share ofl-traders’ private information in the total private information

content of the first period price. The conditional precisionpis

2 _ 1 _ <2 2
1= var(qi|6 +6k) %1(@1+b1)" “4)
The problem of eacli-trader in the second period and that of eadhader in the first period are
each very similar to their respective problems in Case 1. The optimal demand of these traders
leads to the same formulations of equatio®8)(and (21). However]-traders have to solve a
two-period problem in Period 1. | derive their demand in online Appendix B. The demand of
each trader is still linear in the elements of her information set and can be written as follows:

di=ax +ciy—eps (45)
d =byzl +cyy—eypr. (46)

From market clearing, the coefficients of individual demand functions and the coefficients of
first period price are connected as

1-wa =a (47)
uby=by (48)

(- +pcy=c1 (49)
(1—p)er +puey=ey. (50)

In Case 1, | mapped the problem of finding the equilibrium to a fixed-point problem in the space
of 71 andra. In Case 2, | follow the same procedure, implying a fixed-point problem in the space
of 71, t2, andg. Once we have the equilibrium valuesw®f 72, andg, demand functions give the
equilibrium trading intensitieq, , bj, andb,, whereas equationg)-(50) give the coefficients

of the first period price. As | show in the next part, the response of these objects to changes in
the amount of public informatioff and to the degree of market segmentatiois critical for

our analysis.
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3.2.2. Information content, trading volume, and price volatility. Our main objects of
interest are speculative realized voluffavhich is given by

1 T P 1 1
VlS:E(/|d|1|d|+/|di|dl)|¢9|=¢9J=t9|<=i7=u1:0:\/Zﬁ((l_ﬂ)|al|+ﬂ|bﬂ)y (51)

the information content of prices in each period
1

2 _ 2 2

= = =d{(a1+b 52

Y= Varquo +0x) - ¢ 1(a1+b1) (52)
1

Ky=— — 72— 2p2 53

2 var(Qz|0; +6k) f2 = %2% 53)

and the volatility of prices in Period 1,

2 2 2
aq bl 1 al bl 1 1
= =\e) "\a) |7 \eTe) o e
1=var(ps|y) [(el) (el)}v (91+e1) o (e1)%h

Analogously to Proposition3, | show in online Appendix B that, in the standard information
structure, even if traders with heterogeneous horizons co-exist, the amount of public information
still has no effect on trading intensity, the information content of trades or speculative volume.
Also, analogously to Propositiorts more public information always decreases price volatility
in the standard information structure.

| analyse the equilibrium in the general case with the help of Figigesd5. In each panel
of each figure, the-axis shows the amount of public information measureg bgnd the four
curves correspond to different fractions of long-horizon traders in Periad The thicker the
line is, the larger the fraction of long-horizon tradéts.

| start the analysis with the response of trading intenséje®;, andb to the amount of
public information,s, and to the level of market integration, Panel A in Figuret shows that
the trading intensity of -traders changes with public information in the same way as in Case 1.
It decreases i in absolute value as long @< “52 and it increases in absolute value when

p> % However, this trading intensity is non-monotoniginAs Panel B in Figurd illustrates,

in the first period J-traders’ trading intensity increases with public information for gnyrhis

is surprising because the intuition shown in Secflaioes not apply td -traders. IfJ-traders

in Period 1 were to forecast the forecast of the averdgeader in Period 2, the dispersion

in their forecasts would decrease with the amount of public information because eq@tion (
would not hold. The correlation between the private information sei-tders in Period 1
and that of the averag&-trader in Period 2 is high. The reason foy increasing withg is that

as public information increases, the second period price is more correlated to the fundamental,
so in the first period, all traders can estimgtewith more certainty. Although this effect is
not sufficient to influence the sign of the derivativeapf with respect to public information,

it switches that ob ;.25 Note also that the strength of the responsb pto public information

23. As | show in online Appendix B, unlike in Case 1, equilibrium demand does depend on the realization of
aggregate random variables becaugeaders’ andJ-traders’ demands react differently to each piece of information.
This makes the analysis of expected volume more involved. Still, as | show in the same appendix, the main implications
for expected volume are similar to the reported implications for speculative volume.

24. The discontinuity in each curve corresponding:te- 0-01 shows the only identified point in the parameter

space where a linear equilibrium does not exist. This segment corresponds to a zero-measure set of parameters that are

sufficiently close to the set — o0 asaj; +bq — 0.
25. Online Appendix B provides further analysis of this result.
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A Trading intensity (I-traders) B: Trading intensity (J-traders)
0.4 . . 15 . . :
1=0.01 1=0.01
03¢ i - u=0.2 |1 - u=0.2
— | =0).6 —,=0.6
0.2 —— Ll=1 A — '-l=1
0.1
0
o -0.1
-0.2
-0.3
-0.4
-0.5
Y - — : : 0 - - -
0 2 4 6 8 0 2 4 6 8
precision of public signal, p precision of public signal,
C: Trading intensity in period 2 (J-traders) D: Total trading intensity in period 1
1 T " : ‘ 2 - - .
1=0.01 p=0.01
0.9 | -u=0.2 |4 18 -u=0.2 |5
e =06 e 1, =().6
08 | — = g 16 + — = 4
: 1 14 | / |
g 1 1.2 / 1
o _—
03t . 06 F -
0.2 ™ 1 04} 1
o1 | . 02 / ]
0 . : : 0 A : .
0 2 4 6 8 0 2 4 6 8
precision of public signal, 3 precision of public signal,
FIGURE 4

Trading intensities in Case 2. Panels A and B show the trading intensitiegratlers andl-traders, and panels C

and D show the trading intensity of J-traders in Period 2 and the total trading intensity in Period 1. In each plot, the

different curves correspond to a different fractionJefraders in the markey. The thicker the curve is, the larger the

fraction. Thex-axis is the precision of the public sign@l The vertical line depictg = % the threshold above which

second-order expectations are polarized by more public information. Parameter valpes are = 4.01,v = 2, and
a=01=0=>5
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Public information elasticity of speculative volume Price volatility in period 1
: ! : : '

0.6 T T T 1.6 T T
1=0.05
~u=0.2
05+ e |1=0.6 14
/'_—\—_“___ — =
1.2
04 r
1F
0.3 \
.
0.2}
0.1
0
, ———
-0.1 L ' ' L 0 I T N n T
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precision of public signal, precision of public signal, B
FIGURE 5

Elasticity of volume and the volatility of price in Period 1 in Case 2. The left panel shows the elasticity of speculative

volume with respect to the precision of public information, while the right panel shows the volatility of the first period

price. In each plot, different curves correspond to different fractions of J-traders on the marKes, thicker the curve,

the larger the fraction. The-axis is the precision of the public sign#l, The vertical line depict§ = %, the threshold

above which second-order expectations are polarized by more public information. Parameter valued are= 4-01,
v=2,anda =d1 =dp =5

decreases witp. Finally, Panel C in Figurd shows that in the second periattraders’ trading
intensity decreases with public information as long as their fraction in the economy is large.
However, wheru is small, as in Case 1-traders’ trading intensity decreases withf g < %

and it increases otherwise. This is consistent with the observation that Case 2 is close to Case 1
if uissmall.

Turning to the information content of prices, it is clear that in the second period, information
content changes just as trading intensigydoes. That is, under a weakly correlated information
structure and low market integratipn more public information increases the private informa-
tion content of prices. Thus, the result of Case 1 only survives if the economy is sufficiently close
to Case 1. If the market is integrated, then public information crowds out private information in
the second period. This is in contrast to information content in the first period, which tends
to increase withp for any level of market integration under the weakly correlated information
structure. This is apparent from Panel D in Figd®® and it is a consequence of the arguments
above implying that, under the given conditions, more public information increases the absolute
trading intensity of both types of trader.

In the left panel of Figur®, | show the elasticity of speculative volume with respect to the
amount of public informatiorf. 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, even if the strength of the responseapfto public information is non-monotonic in, the

26. Note that the curve in Panel D corresponding to the less integrated market decreases until the point where
|a; +by| — 0 and increases only afterwards. For higher market integration values, there is no such point.
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elasticity of speculative volume, which is a weighted average of trading interajtesdb , is
monotonic. | find this result to be numerically robust to any change in parantéters.

The right panel of Figur®& depicts our volatility measure. It is apparent that only when the
share of long-horizon traders is sufficiently love. when the structure is sufficiently close to
Case 1, does volatility in Period 1 increase with the amount of public information in any range
of the parameter space.

3.2.3. New empirical predictions. The analysis of Case 2 of our model provides addi-
tional empirical predictions with which the presented theory can be tested.

First, widely used empirical proxies exist that can be used to measure trading horizon
heterogeneity in the investor base of a stock {&&dal and McConnelR000; Gaspar, Massa,
and Matos2005)28 If a larger share of short-horizon traders in the investor base was found to
correlate with higher volumes and more inflow of information in response to announcements,
this would be evidence consistent with the predictions shown in the previous section. | am not
aware of any existing studies regarding such a connection.

An alternative empirical strategy is to rely on natural experiments when the characteristics of
the investor base of a given asset change abruptly and significantly. Cross-listing of stocks can
potentially provide such a natural experiment. As an exanij@déey, Karolyi, and Salv§2006)
focuses on the trading volume and return volatility of stocks around earning announcements
before and after these stocks were cross-listed on the NYSE. They find that both volatility and
volume response increase after the announcement. They find a larger effect for those stocks that
were originally listed in the exchange of a developed economy as opposed to an emerging econ-
omy exchange. Using a large number of controls, they conclude that this effect must be due to
the change in the informational environment due to the cross-listing. However, they cannot ex-
plain their findings with the existing theoretical models and call it a puzzle. Although their work
is not a direct test of our model, | argue that their finding is consistent with the proposed theory.
Consider Case 2 of the model and Figarélthough cross-listing changes a range of character-
istics of the trading environment of firms, for our purposes think of cross-listing as an increase
in the heterogeneity of the investor base or, equivalently, a drop in the level of integration of
the market for the asset. That jsdrops. The left panel of Figufshows that this drop should
increase the response of volume to public announcements as long as the prior public information
p is sufficiently high. The right panel of FiguBeshows that this drop might result in an increase
in the response of price volatility to earnings announcements. Regarding the difference between
emerging market firms and developed market firms, a reasonable assumption is that, although
cross-listing increases the amount of available public information prior to the announcement
for both firms, emerging market firms are less transparent both before and after cross-listing.
Although my model does not provide a clear prediction for 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, | show that, in Gaussian information structures where the connection between
private signals is sufficiently weak, a public announcement can lead to polarized higher-order

27. Online Appendix B provides further analysis of this result.

28. Recent empirical work has found that the proportion of short-term investors affect the quality of account-
ing disclosure, mergers and acquisitions, the trade-off between dividends and repurchases, and investment policy. (see
Gaspar, Massa, and Mat@905;Derrien, Thesmar, and Kecsk@911)
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expectations regardless of the content of the announcement. l illustrate the economic relevance of
these properties using a noisy rational expectations model of financial markets. | show that these
properties can explain stylized facts regarding trading patterns associated with announcements
such as high trading volume, more informative prices, and more volatile prices.

| believe that the observation that public information might polarize higher-order expecta-
tions without polarizing first-order expectations has further economic implications in a wide
range of contexts. As another example, in an ongoing project, | analyse a version of the specu-
lative currency attack model éflorris and Shin(1998) wherein 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. | show that the fact that a public an-
nouncement can polarize higher-order expectations implies that generating and disclosing more
public information can destabilize the exchange rate system.

Regarding further research, empirical analyses on the relative effects of announcements on
trading patterns and price informativeness across assets and markets with different character-
istics (e.g. in the degree of investor base heterogeneity, the frequency of announcements, and
the importance of private information) could help to establish the importance of the presented
mechanism relative to others.

APPENDIX
A.1. Proof of Propositionl
Note that by the projection theorem

E(6’|ZJ y) = (u +av+aw+2vo)y+(@3+0k ))av (v+w)
2+v2/i+v wtavftovotafo+2vfo

and

i _ ﬂ(v+a))(a+u)y+xi a(uz—ﬁa))
B0y +0k)IX.y) = av2+v2[3+v2w+av/}+avw+a[3w+2v[fw’

= j i _F(E j i a u(v+a))(v —fw) i
E(E@IZ', y)IX',y) —E(E@IZ, y)IX,y) = (av2+v2p402 w+av/)’+auw+aﬂw+2vﬂw)2

By the property of folded normal distributions,

o [; IE(E@IZ, )X, y) - E(E@I2), y)Ix', y)ld]

op
/ 2
- %azuz(a+v)(v+w)3

o v(v+a))(v —pw)
op (av2+u2ﬁ'+v2w+avﬂ+avw+aﬂw+2vﬁ'a))2

(av2+v2/)’+v w+avf+avotafo+2vfo)

sgrv? — po),
which proves the statement.

A.2. Proof of Proposition 2

From equations (18) and (20), market clearing implies
P2 = b2(03 +0k) + C2y + €202 + 0201 — Tlezuz-
From equation (16), this is equivalent to
W =b(0 +0k) +C2y + €202+ G201 — Tlgzuz

or
bo(03 +0K) —Uz2+C2y+0201

€

u
=ho(0; +6K)+czy+e2((63 +6K)_F§)+gqu_ %Uz-
T,
0
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This expression has to hold for any realizations of each random variable. This holds fpr apyd; + 0k , us if and
only if b 1

C2 92 2 ) &

—=C, — =0, —=by+e,and— = 74_7

€2 € € € b2
Combining these equations give expressid&#<(27), which in turn imply equatlorIL(B). Using the same expressions,
| also get equation (22) as follows:

o2 .2 ,
ad=2 (sz‘ +Coy + €20+ Qo — P2) = 76 (bzzJ +Coy+extp + G201 —

b 2 - b -
(b22J +epp— L2 2) (b22' + (ez - *2) QZ) =by(z! — ).
Y €2 y €2

Expression (29) is implied by the definition ef and equationZ4). The same steps give all the corresponding expres-
sions for Period 1.

Note that the proposition gives all the equilibrium objects in termszotz,_ez, 02,81,C1,€1, 102, rqz. These coeffi-
cients are determined by the projection theorem using the covariance matlx pfds, go], and the covariance of this
vector with the fundamental valug, As all these matrices are functions of the primitives andndz, only, the same is
true for all the equilibrium objects. Consequently, for existence, | only have to prove that equilibrium valugsufiak
o exist. Using the explicit expressions fiog, e, a1, 192, rqz, equations (29)—(30) define this as a fixed point problem

Gobo +Coy + 92Q1)
€

Jza(v+112)(v+a))
y (IJ2+lezzz+av+a(u+21qu+a 112+V112+U122+(1)T12+(1)122)

= (A1)

‘)11) v+w v2—pw) (1R +e3+a+p+ow?+2(? 12+ﬂ(J+u112)+a(ﬂ+w)+(112+tz (ﬁ+o))v+(tf(ﬂ+w)(a+rz)+ﬂw(a+112+12 (A2
(rl+v)(12+a) (rl+rz+u+ﬁ+w)v2+(2(rlrz+/1’w+ar )+a(ﬁ+w)+(rl+12)(/z’+w))u+(r (ﬁ+w)(a+r )+ﬁa)(a+rl+rz

1=

The problem simplifies, if | rewrite this as a fixed point problem in the space0t$, Y] where equation (A.2) is
replaced by

a02—pojar? (A.3)

0= 0D+ atd)

Y — (2 +224a+p+oW?+Q2(2 2+ potar?)+a(f+o)+(t2+12) (B+w)v+( 2 (f+w) (a+1d)+Pw(a+12+12))
(2412 +a+p+on2+2(2 i+ fotatd)+a(f+o)+(T2+12) (f+0))v+(t2 (f+0) (a+12) +pw(a+Ti+12))

Let the Ieﬂ-haqd side of equations (A.1) and (A.3)—(A.4) be caletry, 71), F1(r2, 71, Y), andFy (z2, 71), respec-
tively. Also, letY = Fy (2, r1) andzz(z1), 74 (z2, Y) implicitly defined as

(A4)

to=Fo(ip,71) and 71 = Fy(to,71,Y).

By the implicit function theorem, it is easy to check thgl?— > 0. Thus, for anyzq,Y, 72 < rz wherer2 is
defined as

Tgnax: lim 7o(71,Y).
T1-500
2 o2 <0.Thus, for anyrp, r1, YMN < ¥ < YM&X where
2
i . . ve+42av v )
YT im  lim Py (rg, 1) = +20v+af+vf+av+vo+fo
19—>071—>00 V+o)v+p)
. . v
YMX_ im  lim  Fy (e, 71) = (v + ®) = +/
711—>072—>0 +2av+af+vf+av+vo+ o’
Finally, by the implicit function theorem, whenevef > fw, %, %} > 0, while wheneven? < fw, gg, ‘Z’\} <0.
Thus, ifz]"®is defined as the unique solution of
max Ve —po __max

5

P+ o)+ (@2 T 1

then for anyz; andY, 71 € [0, 7" whenv? > Bw and?y e []"®,0] whenv? < wp.
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Consequently, if the spacis defined as
[0, e X[0, 77" X[Y ™, Y

and as )
(77" 0]X[0, 73" XY™™, Y]

in the case ob? > wf and v2 < wf, respectively, then the system (A.1) al3)—(A.4) mapsS to itself andSis a

closed convex set. Thus, there exist a fixed poirft, {5, Y*] of the systemA.1) and @.3)—(A.4), by the Brower fixed

point theorem. | 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 Propositior3

The result is a consequence of Proposition 2 and the fact that

r o2, %3
! 7 (72 +add)

is the fixed point of the system
JNm Fa(rz, 1) = 72
Nim Fi(e2, 71, Fy (72, 71)) = 71

A.4. Proof of Lemmal and Propositiord

Substituting inFy and reorganizindr (z2, 1, Fy (r1)) = 71 andFa(z2, 71) = 12 as polynoms irry andzp, respectively,
check that in any equilibriurtr, z5) has to solve

0=G; and 0=G,,

where
G1 =7 11(v +0) (12 +v)(t5 +a) Zp + a2 (fo—v?)Z1
with
_ .2 2, .2 2 2, .2
Zy=vi(a+pf+o+ii+15) tari(f+2v+w)+ (17 +15)(Bv + o +vw)
+ 203 (B + 20+ @) + v (f + @) + feo (o +2v)
_ 2_ 2
Zy=27Z1—-a(rf{ —15)(f+2v+w)
and

Go=y (rf +v +a))123 +y (v2 +av+aw+ 2Uw+a112 + U‘rlz +w112)12 - (w-‘ravég(rlz +v)).
Note that for any fixed4, G, is a monotonically increasing function with a single root. Also

0G2(11,12)

. = (127 (2 4y (6 +v + ) —avdp)
1

12="72(71)

= (Fo(t2, 1)y (22 + 7 (@ +v + ) — avédy)

doa (v+r12)(v+w)y (t22+(a+v+w)) 5
2,22 2. 2,2, 2. 2 _0voz
y Vetftstavtawt2votatf v vy torytorsy)

ao‘g(v+w)(u+rf)(a+v+w+122)
=322 T2 2 2 =2>0
v +Tlrz+av+aw+2v(o+arl+vtl+v12+a)rl+wrz

whereto(z1) is defined as in the proof of Proposition 2.
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Also, by the implicit function theorem

. 9G1 0G2o
M ___ F T A5
6ﬁ — 090Gy 0Gy _0G1 090Gy’ ( : )
oty 01 0ty 011
3G1 0G2o
0 ____ B m A6
op ~ 0G1 090Gy  9Gy 9Gy * (A-6)
ot1 01 dtp 011
s h iven poifl- and 2 exists. Clearly -} = 0 is possible only i£SL = 0, but then’2 = 0 al
Upeoset at at a given p0|% an o exists. earyw =0 IS possi eonylﬁ =0, but t enﬁ =0 also.
0
If ;ﬁl #0, then
o on1
orF = 36, > 0.
CANE

This proves Lemma.
For Propositior, consider the next lemma first.

2
LemmaA.l. Foranyp > Y 96y

> %> op |leq > 0.

02y 321

W,W>Oand

Proof. ConsiderG;. Itis clear thatZq, Zo,

G 0Z 0z
67/)’1 =yn(v +w)(112+v)(7:22+a)0872 +a122w21+a122(ﬂw—v2)6—ﬂl
Zy0Z 0Z
= arzz(vz —/)’w)z—;a—ﬁz +af22w21+(11722(/3w—v2)a—ﬂl

_ az'2221(v+122)(v+w)2(a+v+rf)
- (r12+122+(1 +/3+w)v2+(21121:22+a/3+(1m+2/]0.&2a r22+/3112+/1122+w112+w122)v+(/?(112122+(1w+a 122+w112+w122)+w122 (a+112))

0Z1

2 2
—v9)— >0
+ary(fo—v9) o >

where | used the equilibrium condition = F1. ||

Note that 0= G, has a single solutiof, for any 112, and 0= G» has at least one solutiofy for given zp, but
might have more than one. However, whgm = 12, then?; = 0 is the only solution of @& G;. Thus, the system has a
unique fixed point where; = 0,75 > 0.

Note thatz; is continuous inw andz;. Thus,z; is also continuous im as long agy is continuous inw. Also, as
G is a fifth-order polynomial irr1, a necessary condition fa§ to be discontinuous at a given point is tl‘%% =0at
that point.

2 0
Consider the point = "7 wherez; = 0 andz; > 0. It is simple to check that at that poir%%l > 0,22

> 011

21122 =0 962 - 0 %81 — 0. As from Lemmaa.1, 261 0, at this point%1 <0and 0. Also, the fact that

oty
> 01 01p ' op op
G, 961 0Gp _ 961 962 ; ; P .
0, 0, a1, o~ oty or > 0 and both are continuous in at that poinf imply that there is an open set around

o= "/—j that within this set;, 7 are continuous functions af and continuously differentiable i Definew™Min, oMax

_ . ) 2 3Gy 0Gp  9G1 0G
in a way that the setw™", ©™2%) is the largest such open set aroume: "7 Then by deflnmon‘aTll% - [)‘tzl ‘0112

) L 2. 5 I . )
cannot change sign within this set. Also s - impliesz; <0, 00?12 = 2r1% < 0in this region, whﬂe‘f%2 >0,
ot g
1

from LemmaA.1, the second statement holds.

A.5. Proof of Propositiorb

The result comes from a series of mechanical calculations of the Iim% ,o%, ander, e % and%. As | already
showed that andz;, are insensitive t@ in this limit, the partial derivatives of these expressions with respetifive
all the results.

9702 ‘T2 JoquisnoN uo 1senb Aq /610°sfeusnolploxo pnisal//:dny woly papeojumoq


http://restud.oxfordjournals.org/

KONDOR THE MORE WE KNOW, THE LESS WE AGREE 1205

A.6. Proof of Propositioré

2
I start with the analysis of the relevant equilibrium objects whiea . At this point, 77 =0, 77 > 0 and given as the
unique root of

v+w
doav 5 5o =
y (W2 +av +tow+2vo+vey+wrs)
*\2
Also, as | showed in the proof of Propositidnat this pointzy andz; are continuously differentiable j and a(;}j) e
12
0(;%) = 0. Therefore, at this point, g8 changes each equilibrium objects change only by the direct effggt lohm

interested in the properties ef and% near this pointAs

. ag .
lim == | b;
rllmoel Tllmo((ez+ 2)(a1+€1) +g2)

_ a(uz—ﬂw)u(v+w)(a+122)
- (v2122+av2+v2ﬁ+v2w+v/3122+vwr22+ﬁwr22+a vB+avotafot2vpo)(av+v2f+v2otavftavotafo+2vfo)

and

5 (vz—ﬁ(u)av(v+0))(a+122)
(v2122+av2+v2ﬂ+v2w+vﬂ122+th22+ﬁwt22+avﬂ+zxvw+a/§’w+2vﬁw) (2412 f+v20+avfi+avotafot2vfo)

<0.
ap % =5
I conclude that a
olg |
— , >0
Oﬁ VE:ﬂ
2
This implies the first part of the statement. Also, using the expressioe; fand the observation th&% = HTTl

2
and g 2 otvtry

= , I rewritee; as
e+by 1 (U+tf)(a+122) €

Tc% 1 1 ‘L'g 1
€ =— =
7 (&2+bp) (@—i—bz)%lal + g—i y (€24 bp)2 a+112 ﬁ a+v+r22

@ T8 (vted)(a+td)

As
2 2
s Tq ar 2 2
L12 _ (él v (9z+b2)) (s a
ag ar 7 )] (e2+bp?’
2
iz 1
| =  _>0.
2T @rb)?
Also,

lim a+‘rf " i a+v+122 - (—‘1:22—(1—v—w)tf+(—(x2—2av—(z1:22—2a}a—u2—\)122—2wv—w122)rf+(wa2+wa122)
3 a1 (v+12)(a+75) awv+12)(a+12)

p— o0 ’

where, for any fixedrp, the numerator is a monotonically decreasing functiomﬁnAs t5 is finite for anyz;, and

limg; 00 2= 00,
! ! 2 2 2
i X a+1q 71 a+v+15
lim  lim + =—-00

01— 00 f— 00 a aT_ (v+rf)(a+r22)

2 2
in equilibrium. As T etb)? r_‘:b 5 > 0, there must be a sufficiently largh and g (%oo) that % is negative. As
.V (Etp
el,2 >0, this |mg?hes the second part of the Lemma.

[}
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