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Abstract

Our basic premise is that fund managers performance is related to superior infor-
mation about an asset payoff. We investigate the relationship between managerial
skills and trading behavior within a two-period rational expectation equilibrium
(REE) model where agents trade on private information in the first round, while
a public signal arrives at the second date that makes traders revise their beliefs
and retrade. The public signal can be related to the asset payoff, or to variables
not related to fundamentals (noise), or both. We characterize the unique partially
revealing REE and explore the drivers of price dynamics and trading behavior. Our
main prediction is that good managers are contrarian traders, while bad managers
are momentum traders when public news arrive to the market. Furthermore, the
change in holdings of each type of trader is monotonic on the traders’ skills. Based
on these predictions, we propose new performance evaluation measures that rely on
the manager’s change in holdings around the arrival of public news rather than his
past performance. A byproduct of our analysis is the proposal of a new protocol for
performance evaluation and Due Diligence (DD) procedures.
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1 Introduction

Delegated portfolio management is the norm rather than the exception in the as-
set management industry. Most individuals do not invest in securities markets directly
but rather via mutual, pension and hedge funds'. These investment vehicles are man-
aged by professionals who differ in their abilities to deliver good performance. Assessing
these abilities is important for the well-being of individuals, for the efficient allocation of
capital, and for market efficiency. The demand for assessing these abilities is probably
maximal in the hedge fund industry where managers charge large management and in-
centive fees for implementing complex dynamic strategies. The title “Talent Required”?
of a recent article on hedge funds by Sanford Grossman in the Wall Street Journal proba-
bly reflects the essence of this industry: talent is assumed but probably not always there.
Being able to sort the talented managers is therefore crucial for the optimal investment
in hedge funds. But, even if all managers were talented, it makes sense identifying the
most talented ones, as these could be the only ones who merit the high fees charged
to investors. In this paper we explicitly model the trading activities of talented versus
non-talented traders in equilibrium and derive new performance evaluation measures
which can be empirically tested. A by-product of our analysis is the proposal of new
Due Diligence protocols for the proper assessment of managers’ trading skills.

Although some traders’ characteristics, such as age or academic background, could
be predictors of management quality, in general both practitioners and academia have

mostly relied on the manager’s past portfolio performance to identify talent. In this paper

!For instance, as of April 2008, the assets under management reported by the 11,030 SEC-registered
investment advisers totalled to $42.3 trillion (Investment Adviser Association (2008)). Further, the share
of common equity held by mutual funds, hedge funds, pensions, bank trust departments, and other
institutions increased from 32% to 68% of total market value during the period 1980 to 2007 (Lewellen
(2009)). Finally, according to the 2007 Survey of Consumer Finance, US households direct stock holdings
amount to 17.9% of their total financial assets (Bucks et al. (2009)). Indirect stock holdings (defined as
the sum of retirement accounts and other managed assets) are twice as much important, with a 41.1%
weight. Adding pooled investment funds (which include open-end and closed-end mutual funds, real
estate investment trusts, and hedge funds) brings the US families’ percentage of "delegated" investment
to 60% of their total financial assets.

2The Wall Street Journal, September 29, 2005, Page A18.
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we look at traders’ actions (choice of portfolio), rather than portfolio returns, in order
to assess managerial abilities. We do this by analyzing the general properties of trading
in a competitive rational expectation equilibrium (REE) that directly map into testable
hypothesis for performance evaluation. In typical REE settings, the inference of talent
from traders’ portfolios is severely limited as these are monotonic functions of both talent
(private signals’ precision) and private information (signals), which are not observable to
a third party. This probably explains why the REE paradigm has been almost completely
ignored in the performance evaluation literature. We circumvent this problem by looking
at traders’ changes in portfolio holdings when public news arrive to the market. We show
that public news arrival induces a change in portfolio holdings which is monotonic in
each trader’s information precision and independent of each trader’s private signal. In
this setting, hence, the inference problem is trivial.

Should better informed traders behave differently from worse informed traders when
public news arrive to the market? In general, indeed, we should expect different trading
patterns both in terms of the direction of the trade and the trading volume. Let’s
illustrate this with a simple example. Suppose there are two types of traders, informed
and uninformed, and in equal proportions in the market. Informed traders privately learn
that the profits of a company will double next year (a good private signal). Aslong as the
price today does not fully reflect this information (partially revealing equilibrium price),
informed traders will buy shares today at a bargain. When public news reach the market,
both the informed and the uninformed traders update their forecasts of the asset payoff.
But, uninformed traders will always react more to the public information than informed
traders. In particular, if good public news arrives to the market, then uninformed traders
will increase their forecast proportionally more than the informed traders, and thus would
end up buying, which implies that informed traders sell shares in the presence of good
public news. In this case the price will increase as the average opinion on the asset payoff

has improved. On the other hand, if the public news is negative (bad public news), then
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uninformed traders revise downwardly their asset payoffs forecast disproportionately
and will end up selling. Since the average market forecast deteriorates, the price will
fall. Therefore in the case of the arrival of bad public news, informed traders buy and
uninformed traders sell.? Hence, good public news are associated with price increases,
sales by informed, and purchases by uninformed traders. The arrival of bad public news
generates the opposite change in these three variables. In this economy, informed traders
are contrarian and uninformed traders are momentum traders when public news arrive
to the market. Finally, notice that this portfolio rebalancing must be increasing in the
quality of the information of the informed traders, as their initial purchases will be larger
the more they trust their private information. So, the previous reasoning also maps into
different volumes traded as a function of the quality of the private information, what
we generically refer to as the trader’s talent. This is great news for the success of our
methodology for performance evaluation as differential trading patterns are a necessary
condition for its implementability.

The previous example resembles a situation of one-sided private information, where
only a group of traders is privately informed and prices transmit part of this private
information to the remaining uninformed traders. In this paper we depart from this
setting and model an economy with disperse information, where all traders are privately
informed to different degrees. We show, however, that the results outlined in the previous
paragraph hold true in our setting: better informed traders are contrarian and worse
informed traders are momentum when public information arrives to the market. Further,
the volume of trade of each trader is increasing in the distance between the quality of
each trader information and the average quality in the market. These results are also
good news as they suggest that the main predictions of our model are robust to the
different type of informational asymmetries, one-sided versus disperse, we can encounter

in financial markets.

3To simplify the exposition, in this example we ignore the impact of changes in the risk premium on
trading when the public information arrives to the market.
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The previous example is also specific to the type of public news that arrives to
the market, i.e. public news related to the asset payoff. It is important however to
notice that both in practice and in the context of REE models, asset prices are not only
driven by information on assets payoffs but also by “noise”. Noise is just a shorthand
expression for other underlying economic variables such as trading induced by changes
in investors’ risk tolerance, labor income shocks, etc.? The arrival of public news on
noise may also generate well defined differential trading patterns for all types of traders,
as this information allows traders to update their beliefs about the asset’s fundamental
value. Hence, we should also look at trade reactions to the arrival of public news on
noise. For instance, to the extent that gold prices are a good proxy for changes in risk
aversion, we may wish to look at managers’ trading activities around periods of large
swings in gold prices.” In practice, however, we often find public information for which
this separation between payoff versus noise relatedness is not straightforward. Analysts’
recommendations are probably the leading example. A recommendation to buy (sell) an
asset could arise because the analyst predicts larger (smaller) profits for the company in
the future (payoff relevant information), but also because the analyst believes the stock
is currently underpriced (overpriced) due to, say, too much liquidity selling (buying).
This means that a comprehensive model of trading around public information arrivals
should also consider the case of public signals that simultaneously relate to payoffs and
noise in the market. For this reason, in the present paper not only we explore the
trading implications of the arrival of payoff relevant public information, but also public
information related to noise, and public information related to both payoffs and noise.
To the best of our knowledge, this is the first time this issue has been addressed in the

literature.

*For instance, see Grossman (1995) or Black (1986) for a more comprehensive analysis of the economics
of “noise”.

The price of gold is just one of the many proxies for changes in risk aversion. For instance, both Bliss
and Panigirtzoglou (2004) and Jackwerth (2000) use option data to estimate time-varying risk aversion
by exploiting the difference between the risk neutral and the physical distributions of returns.
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More specifically, in this paper we analyze a dynamic model where agents have dif-
ferent information and trade in a rational expectations equilibrium. The model is simple
but general enough to accommodate the arrival of both public news on fundamentals, on
noise, and on arbitrary combinations of these two. The basic setting is taken from Kim
and Verrecchia (1991). The most important results of our analysis with direct bearing

on performance evaluation can be summarized as follows:

e The arrival of public news generates the same qualitative trading patterns irre-
spective of whether the information is related to the asset payoffs, the noise in the

market, or both.

e The change in each trader’s holdings generated by the arrival of public news has the
opposite sign for traders whose private information is more precise than the average
precision of all traders (informed traders) and those traders whose information is

less precise than the average precision of all traders (uninformed traders).

e The volume traded by each trader is increasing on the distance of the trader’s
information precision to the average precision of all traders. This means that,
for instance, the largest trades in the market come from the most and the least
talented traders in the market. But, following the previous point, these two type

of traders will be trading in opposite directions always.

Setting up the performance evaluation problem in the context of competitive REE
models offers many advantages. First, our approach to performance evaluation does not
necessarily rely on security prices nor portfolio returns. The only requirement is prices
not being fully efficient, as under full efficiency neither private nor public information
would generate differential trading across agents. Second, in a REE equilibrium we ana-
lyze the optimal behavior of traders with different information. This means that we pose
the performance evaluation problem in the context of optimizing agents whose trades

satisfy market clearing. This contrasts with analyses where no optimizing behavior is
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assumed (or modeled at all), or where the portfolio problem is set in a partial equilibrium
setting. Third, we explicitly model a potentially very important source of outstanding
performance: the possession of superior information.® Further, private information can
be interpreted as a proxy for other variables related to performance, such as talent. A
trader with some ‘special’ (not modeled) talent or knowledge to select securities would
end up trading in a similar fashion as our informed traders. Since our performance
evaluation is based on actions, we would end up making the right conjectures about the
trader’s abilities.”

Often, the distinction between talent/knowledge and possession of private informa-
tion is more formal than material. Consider, for instance, the case of a trader with great
knowledge of the tax system who specializes on trading based on tax arbitrage and finds
profits from buying shares of company A and selling shares of company B. This is no
different to a trader who receives an accurate signal that tells him that company A is
underpriced and company B overpriced. Again, to the extent that they trade similarly,
our methodology will classify both as skillful traders.

These advantages are in contrast with serious weaknesses in the traditional approach
to performance evaluation. Originally, performance evaluation was conducted in the
context of equilibrium models, such as the CAPM, that assume homogeneous beliefs.
The implicit assumption is that traders who might not share these beliefs do not affect

the equilibrium. In this context, performance evaluation is indeed a joint test of the

SInformational asymmetries exist throughout the market. Further, there is explicit evidence that
performance is related to superior information. For instance, studies such as Lakonishok and Lee (2001)
and Jeng et al. (2003) show that the portfolios tracking the purchases done by corporate insiders exhibit
outstanding performance. Unfortunately, as Admati and Ross (1985) point out, standard performance
evaluation measures, such as the Sharpe ratio or Jensen’s alpha, will often fail to indicate superior
performance for the portfolios of traders with superior information. This issue is further analyzed in the
main text.

TOften, the distinction between talent /knowledge and possession of private information is more formal
than material. Consider, for instance, the case of a trader with great knowledge of the tax system who
specializes on trading based on tax arbitrage and finds profits from buying shares of company A and
selling shares of company B. This is no different to a trader who receives an accurate signal that tells
him that company A is underpriced and company B overpriced. Again, to the extent that they trade
similarly, our methodology will classify both as skillful traders.

papers series




pricing model and the manager’s abilities. Hence the inability of the asset pricing model
to explain asset prices directly maps into faulty performance evaluation. In particular,
to the extent that asymmetric information matters for equilibrium, this approach to
performance evaluation is bound to fail. Indeed, Admati and Ross (1985) show that the
two most important performance evaluation measures in this framework, the Sharpe ra-
tio and Jensen’s alpha, will tend to understate the performance of the informed traders’
portfolios. In particular, the portfolios of the most talented traders will exhibit low
Sharpe ratios and lie below the securities market line. More recently, the literature has
sidestepped this theoretical conundrum and drifted from theoretical to merely empirical
considerations. The most typical setting nowadays builds on the APT model and as-
sumes a multifactor specification in which asset returns are explained by the three Fama
and French factors (Fama and French (1993)) plus a fourth momentum factor (Carhart
(1997)). These factors are just the ones that work better in sample. They may capture
the implications of asymmetric information for asset pricing. But we do not know it with
certainty. Performance is evaluated by running a time series regression of the portfolio
excess returns on these four factors. The regression intercept (“alpha”) is the measure
of unusual performance. But still it maybe the case that the intercept is biased because
of some additional missing factor not accounted for.® In a nutshell, the standard per-
formance evaluation methodology is handy, but lacks a solid microfoundation and can
easily result in the wrong assessment of managers’ abilities.

We do not propose, however, to replace these methods with ours, but rather to com-
plement them. One of the weaknesses of our approach is that it is not 100% immunized
to reverse engineering. More formally, our equilibrium is not manipulation-proof. If
traders know that they will be evaluated as skillful when buying with bad public news

and selling with good public news, untalented traders may end up doing so, mimicking

8For completeness, we should also refer to the performance evaluation in the context of Sharpe’s
(1964) style regressions and in the context of the Henriksson and Merton (1981) and Treynor and Mazuy
(1966) models.
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the talented ones. This type of strategic behavior that may result in pooling equilibria
not considered in “competitive” REE models. But we must notice that, while the ac-
tions of traders at the arrival of public news can be mimicked, the actions at the arrival
of the private information cannot (as only privately informed traders can implement a
measurable trade). This means that the joint observation of traders holdings and change
in holdings can be all we need to restore the separating equilibrium. More important for
the purposes of the present paper, also notice that the optimality condition embedded
in the REE implies that mimicking trades necessarily result in non-optimal portfolios.
This means that mimicking traders would end up with portfolios with very poor returns.
Besides their deficiencies, the traditional performance evaluation methods can therefore
be helpful at assessing the poor performance of these mimicking traders. In summary,
we believe that performance evaluation must be implemented combining the traditional
return-based and the present portfolio-based methods. In this context, outstanding per-
formance must be associated to funds that deliver both “alphas" and trading patterns
consistent with the trading of informed traders according to our analysis. As previously
stated, our measures of performance have a sound microfoundation. On the other hand
“alpha” may or may not reflect outstanding managerial skills. The joint criteria for
performance evaluation that we propose in this paper is bound to succeed as it filters
alphas with the requirement of having a sound microfoundation.

We emphasize that our methodology is empirically testable, as the two variables
involved, trading data and public news, are observable, and that some new institutional
arrangements could be greatly beneficial for its implementation.

Data on quarterly mutual funds portfolio holdings is available in most developed
countries. Looking at changes in holdings around public information events is a good
starting point. On the other hand, we believe more of this data could be disclosed
willingly. Hedge funds are probably the most reluctant to disclose portfolio holdings

in order to keep secrecy of their trading strategies. However, to attract investors, they
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willingly offer Due Diligence (DD) questionnaires where their investment philosophy,
risk management technology, etc., are disclosed. It would be interesting to include in
the DD process the possibility for a prospective client to inspect the trading history for
periods that include arrivals of public information.” The disclosing period should be
short enough to avoid unravelling the trading strategy, but long enough to assess the
manager’s skills using the tools we develop in this paper.

Regarding the second variable of interest, public information, we have plenty of
sources in the financial industry. First of all, security prices are public. As we will see,
this is all we need to implement some of the performance evaluation measures suggested
by the model. Second, we also have plenty of instances of public information related to
asset payoffs. The typical examples are earnings announcements and analysts’ (earnings)
forecasts. Also, as we mentioned before, we have several pieces of information related
to “noise” in the market. Finally, earnings recommendations are the leading example of
public information related to both noise and payoffs. In the last part of the paper we
explicitly address the empirical implementation of our performance evaluation measures.

The implications of REE models for performance evaluation have been analyzed
in Admati and Ross (1985) and Kacperczyk and Seru (2007). Unlike these two pa-
pers, we consider a dynamic model. Furthermore, while Admati and Ross (1985) assess
performance conditional on the realized fundamental value of the asset, we propose a
more implementable procedure that relies on the arrival of public information. Like us,
Kacperczyk and Seru (2007) also rely on public information arrivals but cannot derive
all the trading implications due to the static nature of their model.'’ Furthermore, as

previously stated, our model is the first one analyzing the trading implications of the

9Obviously, it should be the client the one choosing the period of analysis!

'"We also highlight that the model prediction tested with mutual fund data in this paper is faulty.
First, it is not always true, even in the context of their specific model (as it depends on the fraction
of informed traders in the market). Second, it does not generalize to the case of disperse (as opposed
to asymmetric) information. Indeed, as our model shows, many uninformed traders can be even more
unresponsive to the arrival of public news than some informed traders. The sign of the trade, which is
ignored in the analysis of Kacperczyk and Seru (2007), is critical to sort traders out, as they will always
trade in opposite directions.

10
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arrival of public news on fundamental, on noise, or on both, a critical issue when bringing
the theory to the data.

We close acknowledging some limitations of our analysis. We only consider trade re-
actions to the arrival of public news in the context of competitive equilibria and with fully
rational expectations agents. This leaves outside our analysis the class of models with
strategic behavior led by the initial papers by Kyle (1985) and Foster and Viswanathan
(1996). We also leave outside our analysis models where high order beliefs matter, such
as Kondor (2009). Whether our trade predictions survive in these settings is an open
question. We feel however comfortable with the chosen setting, as we believe it is the
closest to the actual functioning of financial markets.

The rest of the paper is organized as follows. In Section 2 we set the primitives of a
general model of public information arrivals and prove the existence of a unique linear
partially revealing REE. In Section 3 we decompose equilibrium asset prices into an
expectations and a risk premium components. This decomposition allows as to analyze
the main drivers behind the change in prices when public news arrives to the market.
In Section 4 we analyze the trading patterns generated by the arrival of public news.
Finally, Section 5 is dedicated to the analysis of the empirical implication of the model

in terms of performance evaluation, and Section 6 to conclusions.

2 A Model of Trading Around Public Information Events

In this section we describe our model of asset trading around public announcements.
The basic setting is mainly taken from Kim and Verrecchia (1991). There are many
advantages in using this setting. First, it allows for closed form solutions for all variables
of interest. Further, we verify in this paper that the model still retains this property in
several extensions we cover, such as the analysis of the arrival of public information on
noise. Finally, although the model explicitly deals with the case of disperse information

and prices as aggregators of information, the setting can easily be redefined to address

11
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the case of one-sided private information where prices transmit, rather than aggregate,
information a la Grossman-Stiglitz (Grossman and Stiglitz (1980)). For all these reasons
we believe the model delivers results that must be shared by most of the models in the

competitive REE tradition. We now describe the model in detail.

2.1 The Primitives

We consider a pure exchange economy with a continuum of traders and three dates
t = 1,2,3. Agents trade in the first two dates and consume the single good of the
economy in the third date. There are two assets in the economy, a risk-free and a risky
asset. The risk-free asset has a perfectly elastic supply and, without loss of generality,
offers a rate of return equal to zero. The payoff of the risky asset, denoted by v, is
realized at £ = 3. It is assumed that v is normally distributed with mean v and precision
(inverse of variance) 7,. Each agent 7, ¢ € [0, 1], is endowed with Z; units of the risky
asset and B; units of the risk-free asset, whose price is normalized to 1 (cash). The

aggregate supply of the risky asset, denoted by

1
m:/ z;di
0

is not known to traders and is normally distributed with mean T and precision 7,. In
this setting, x is the standard noisy supply that is introduced in REE models to prevent
prices from fully revealing agents’ private information on fundamentals. Further, each
agent receives a signal

8i = U+ €,

where ¢; is independently and normally distributed with mean 0 and precision 7;. The

average of agents’ precision is given by

1
TE/ T;di.
0

12
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It is assumed that the set {7;} is uniformly bounded so that 7 is well-defined. This in
turn will allow us to write fol T:8;di = Tv since the noise term ¢; in each trader’s private
signal vanishes in the aggregate.

Endowed with securities and private information, at date ¢ = 1 the market opens
and agents trade at competitive prices. Right before the market opens for trading at
date ¢t = 2, there is a public announcement. In principle this public signal, s,, can be
related to the risky asset fundamental value, v, or to noise, x. So, in general the public
signal takes the form:

Sp = QfS§ + AnSn
Sf :U+77f
Sp =X + Ny,

where 74 and 7,, are two independent normally distributed random variables with mean
0 and precision 7 and 7, respectively, and ay and a,, are two positive and bounded
constants. For the time being we do not impose any additional restrictions on these two
constants'!. The cases (ay = 1,a, = 0) and (ay = 0,a, = 1) have interest on their
own as they correspond to the cases in which the public signal is only related to asset
payoffs and to noise, respectively. We analyze these two cases separately as they allow
for a very intuitive equilibrium characterization.

Agents are risk averse and have preferences represented by a CARA utility func-
tion over date t = 3 final wealth (or consumption), W;, that takes the form U;(W;) =
—exp (—rW;). For simplicity, we assume all agents have the same risk aversion, r. Each
trader 4’s final wealth is given by W; = B; + PiT; + (P, — P1)H1; + (v — P2)Ha ;, where
Py and P, are the prices of the risky asset at dates ¢ = 1 and t = 2, and H;; and Hy;

are trader ¢’s holdings (expressed in number of shares) of the risky asset at dates ¢t = 1

1 As we will see later on, the main results of this paper hold for arbitrary ay and an. This means
that they also hold for typical normalizations such as restricting the constants so that the variance of
the public signal is constant.

13
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and t = 2, respectively.

In this economy agents only differ in the quality of their private information. This
is the only reason for trading to occur at date 1.!? Large 7; traders are better informed
than small 7; traders, regardless of the specific s; they receive.!® All of them, however,
learn from prices, which in equilibrium are a noisy signal of the true value of the asset, v.
The arrival of public information at the second round of trade generates a reassessment
of agents’ beliefs about the asset payoff and gives rise to new trading. Hence differences
in information quality not only play a crucial role in trading before the arrival of the
public signal, but also afterwards. This is the key aspect of the model that makes it
relevant for our purposes, as we need different patterns of trading for informed versus
uninformed traders so that we can infer traders’ abilities from actions (trading). Finally,
it is worthwhile noticing that the amount of public information (prices and the public
signal) in the market is increasing over time, so the risk premium of the asset falls at

date t = 2.

2.2 Equilibrium Analysis

Endowed with their private information and aware that a public signal will arrive at
date t = 2, agents trade in a Rational Expectations Equilibrium (REE).** In this equi-
librium agents use their private information, the public information and the information
contained in the equilibrium prices, P; and P», in the determination of their optimal
asset holdings. In equilibrium agents make self-fulfilling conjectures about the prices and
information in the market. In the remaining of this section we solve for the equilibrium
in the general case of a signal that can be related to both the asset payoff and noise.

Then, in the next sections we address the two extreme cases separately. We focus on

2Strictly speaking, agents also differ in their initial endowments. This would generate trade at t = 1
toward the optimal risk sharing allocation. The arrival of the public signal at date ¢ = 2 would generate
price changes, but no trade at all.

3Tn this paper, we indistinguishably refer to trader with 7, > 7 (7; < 7) as better (worse) informed
or just informed (uninformed) traders.

"See Radner (1979).

14
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linear equilibria and conjecture that, in equilibrium, prices take the form:
P =ai+ v —mz (1)

Py = ag + Bov — 91 + d25p, (2)

where the intercept terms a; and as depend on ¥ and z. We denote with ®;; the
information set of trader ¢ when trading at the first date, which includes his private
signal, s;, and the price, P;. The price conjecture in (1) can be equivalently rewritten
in normalized form as

P M

0= —F—=v— 2

51 B

and we set ®1; = {s;,01}. At the second trading round, each trader information consists
of the private signal, the public signal s,, the date 1 price, P, (or equivalently the
normalized price 61) and the date 2 price, P». Since s, is known, the date 2 equilibrium

price can be normalized as follows

92:—P2_a2_525p:’0—ﬁ$

B2 By

and the information set is ®2; = {s;, sp, 01,02}
Under this conjecture we have two potential type of equilibria in the model as a

function of its price informativeness:

e Partially revealing equilibrium prices. This corresponds to %1 = g—z # 0. In this

case, 1 = 6 = 0 which means that, conditional on s,, P» and P; are equally
informative about v and x so that agents only update their beliefs using the infor-
mation contained in the public signal. We believe this is the natural candidate for
equilibrium in our event-study like economy where the only innovation between

t =1 and t = 2 is the arrival of the public signal.

15
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e Dynamically fully revealing equilibrium prices. This corresponds to g—i #* g—z # 0.
In this case, as before, the equilibrium price at date ¢ = 1 is partially revealing;
but at date 2 (when agents observe both P; and P»), prices become fully revealing.
For this reason, equilibrium holdings at date 2 are indeterminate. This can be
corrected by introducing a common error in agents’ private signals as in Grundy
and McNichols (1989). This equilibrium tends to be not unique and it is com-
putationally demanding. For these reasons we do not analyze it in this paper.!®

We conjecture, however, that the main results in this paper will also hold in this

equilibrium. In both our equilibrium and in this one, agents update their beliefs

at date ¢ = 2 with the arrival of the public signal. The only difference is that
in the dynamically fully revealing equilibrium agents learn “more” (to the point
of learning the fundamental value of the asset, v). To the extent that our main
results hold because there is learning at ¢ = 2, we expect the dynamically fully

revealing equilibrium to reinforce, rather than reverse, our conclusions.

We focus on the partially revealing equilibrium prices and from now on we assume

(and later corroborate) that:
p=1l=12

By B

so that ®1; = {s;,0} and ®3; = {s;,5p,0}. The distributional assumptions in the

15 An additional reason for not analyzing this equilibrium in this paper is that, as shown in Grundy
and McNichols (1989), this equilibrium may arise even in the absence of a public signal arriving at date
t = 2. This means that this equilibrium may be driven by pure sunspot considerations.

16 Just for completeness, we must notice that, as in all RRE models, there exists a third type of
equilibrium in which, in some “magic” way, the price at date 1 already reveals the asset’s fundamental
value, v. At this equilibrium, Py = P> = v and asset holdings are indeterminate in the two rounds of
trade. Although in our economy these prices meet the standard Borel measurability condition imposed
on equilibrium prices according to the REE definition (see Kreps (1977)), we believe this equilibrium
does not constitute a good description of the functioning of financial markets.
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present model can be summarized as follows:

= -1 —1 —1 —1
v v Ty T art, T
S; v 751 +7; ! GfT, 751
~N , ,
Sp afv + an® 7';1 afT;1 — kT,
_ - -1 21
0 | v—RT || Ty + KT, |
(3)
where
TfTnToTg
Tp = (4)

a%TnTz (T + 7o)+ a27 7y (Th + 7o)
is the precision of the public signal. We now solve our model by backward induction.
The presentation in the text is heuristic and focuses on the main results. In Appendices

A and B we include all the formal derivations.

2.2.1 Equilibrium at date t =2

Due to CARA utility maximization and the normality of the distribution of final

wealth, agent ¢’s date 2 holdings are

1
Hy; = ;Kzz' (E (v|®2,) — Po) (5)

where, Ky ; = V~1(v|®2;), is trader i posterior precision of v at date 2. Hence, to derive

the optimal holdings we need to compute the first two conditional moments of v:

Lemma 1. The date 2 posterior expectation of v is

1 - T an -
E (v|®2;) = 7 [TUU + %i + TiSi + Tpsp + <I; + 2 ) 9] , (6)

2, K2

where T, is defined as

T; _ T T (an + Kag) . 7

K (afcrn + a%Tf)
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The date 2 posterior precision of v is

af(lanTn

K (a?Tn + a%’l‘f)

Kai=wiK{) + (1 —wp) K§Y +2 : (8)

where wy = a?an/ (afmn + aiq«) , and Kéjz) and Kénz) denote, respectively, trader v’s
posterior precision of v at date 2 when the public signal only contains information about

the asset payoff, s, = sy, or about the noise, s, = sy,

- Tn+ T
Ké,];):Tf‘f‘Tz'"i‘Tv—i_;;c and Kég):”JrT”Jr%' ¥

Proof. See Appendix A =

In order to gain some intuition on the updating problem of trader ¢ described in
Lemma 1, suppose the public signal only contains information about the asset payoff,

Sp = Sf,17 so that ay = 1 and a,, = 0. In this case wy = 1 and the last term on the

()

right hand side of eq. (8) vanishes, which means that the conditional precision is Ky,

as each trader only learns s;. Moreover 77, in (7) is just 7, and eq. (6) becomes

N
pl

1
Biey)) = (rup+ D25 4 risi 4 sy + T20)
2,1

where Ké{) is given in (9). The public signal s¢ positively affects the conditional ex-
pectation, as sy contains information about the asset payoff. Similarly, when the public

signal is only related to noise, i.e. ay = 0 and a,, = 1, then wy = 0 and Ky; = ng)

/!

» = Tn/k and eq. (6) yield

from (8) as each trader learns s, only. In this case 7

1 T T Tn+T
E(v@gf}) =~ <m7 - f:f: + Tisi + fsn - ’M@) .
2,i

'"To avoid confusion, in the rest of the paper we use upperscripts “(f)” and “(n)” in some variables
to emphasize that the variable is computed in the “f” economy (ay =1, a, = 0) and the “n” economy
(ay = 0, an = 1), respectively. For easiness in notation, we omit these upperscripts on endogenous

variables such as prices and holdings.
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In all intermediate cases, in which the public signal provides information about both
v and z, traders learn from both components albeit in somehow different ways. On
the one hand, since sy is a measurement error around the asset payoff, traders directly
extract information about v from s¢. On the other hand, the signal on noise trading does
not contain payoff-relevant information per se. However s, enables traders to improve
their estimate of x and then to use this knowledge to extract more information about
v from the equilibrium price. According to equation (8), the posterior precision can be
i

decomposed into a linear combination of Ké{) and K, ./, plus an adjustment term.

Making use of the posterior expectation in (6) yields date 2 holdings in (5) as

1 ankTh + T
Hy; = — <Tv7) + Tli‘ + 78 + T;8p + S p2 °o— KQJPQ) . (10)
T K K
Market clearing requires the aggregate supply of the risky asset, x, to equal aggregate
holdings

an/w; + 7,

1
x:<7'vv—|-ux+ﬂsi+7';5p+ 9—K2P2>, (11)
T K

K2

where Ky is the average of the asset payoff posterior precisions
1
K2 = / K27Z‘di.
0

How does trader ¢ posterior precision Ks; relate to its average counterpart Ko?

Aggregating all traders’ posterior precisions in (8) reveals that
Ky — Koy =7 — 4, (12)

which says that a trader with better private information than the average, i.e. 7; > T,
will maintain his informational advantage (relative to the average trader) until the end
of the trading period.

Rewriting eq. (11) using the definition of # = v — kz yields the date 2 equilibrium
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price as

/
1 AnKT) + Ty

o _ Ty _ _ ’ ’ Ty
P2—K|:7'1;U+HZL'+<T+H2>U+Tp8p—(7‘+7'pan+n)l‘:|, (13)

2

which has the linear form conjectured in (2). Thus

K2

1 T 1 [/ apsT. T
O‘ZZIQ(TUU+:$)752:<T+W>)72:

K

and the ratio k = v,/85 becomes k = (r + Tpan + Tz) / (7" +

N3

2.2.2 Equilibrium at date t =1

1

Ky

(7“ —i—T;CLn + %) ,09

an KT+

. ) so that

By means of the holdings in (10), trader 4’s final wealth becomes

1
Wi =B+ Piz; + (P, — P1) Hi; + (v — P) ;K2,z' (E(v]|®2;) — ).

T

/
p

Ky

(14)

At date 1 each trader chooses holdings Hi; given his private signal s; and the price

signal P;. Thus trader ¢ solves the following optimization

max [E [—exp (—rW;) | @] =

1,i

= max [ [— eXp {—T‘ (P2 — Pl) Hl,i — Kg’i (U — P2) (E (’U|(I)27i) — Pg)} |(I)17,L'] s

1,i

where on the RHS we have omitted the value of initial endowment, B; + P;T;, which is

non-random as P; belongs to trader ¢’s information set. The solution to this problem
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can be found in the Appendix B, and writes as

1 KoK, _ Ky _ Tz
e = A () o g (e 29
1 " [ <K2,i ~ K + (75 7')) 1+ Kos— Kis ToU + T
1 _ TIKQ
o K 0 15
M R oy o < 1T > } ; (15)
where
_ T

K=V iwdy)=7,+7+ ;"; (16)

is the asset payoff posterior precision at date 1, and
1

K 1= / K 17Z‘di.
0

Observe that K;; — K1 = 7; — 7, so that a trader whose private signal is more precise
than the average to start with, also more precisely estimates the asset payoff after date
1 —similarly to what equation (12) prescribes at date 2. Thus, the second round of trade
brings in an increase in the precision of each trader’s forecast of v which is identical to

the one experienced by the market, on average, i.e.
Ky — Ky, = Ky — K;. (17)
Equating the date 1 aggregate supply x to aggregate holdings from (15) then yields

the date 1 equilibrium price as

1
Finally, comparing the latter with the conjecture (1) reveals that the coefficients in

the price function are

papers series




and the ratio v, /8, is (r + Z£) / (7 4+ ), or equivalently

N
B

SN

so that v;/8; = vo/Bs # 0 as initially conjectured. We conclude that there exists a
unique partially revealing rational expectations equilibrium where prices are linear as in

(1) and (2).

3 Characterization of Equilibrium: Learning and Price Changes

Right after the first round of trade, agents hold an allocation which is not Pareto
efficient. This means that the arrival of public news, the only innovation at date t = 2,
generates changes in both the equilibrium price and the asset holdings. As a matter of
fact, in Section 4 we show that each trader’s change in holdings is an affine function of
the price change. Hence, understanding the price change drivers is key to understand
the changes in asset holdings, which is the variable that allows us to sort traders as a
function of the precision of their private information. We first consider how the public

signal affects trader i’s learning over time about the final payoff:

Proposition 1 (individual filtering). Traders update their posterior expectation and

precision about the asset payoff according to

(an + Kay) T, [ ks, + anf
E(v|®s;) — E(v|P1;) = P P " _E(v|®y, 1
(ol ~ Bl ) = RO (P8l g, ) o)
and
K2,i_K1,i:waf+(1—wf)%+2 AfanT Ty (20)

K <a3£7-n + a%q)

Proof. See Appendix C =

Proposition 1 reveals that learning always takes place unless the public signal does
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not contain information on the asset payoff (7¢ = 0) nor the noise (7, = 0), in which case
7, = 0 so that B (v|®2;) = B (v|®1;) from (19), and Ky; = K;; from (20). When the
public signal provides some information, Proposition 1 yields K5 ; > K ; so that equation
(17) implies that the average precision increases over time as well, i.e. Ky > Kj. The
arrival of public news further causes traders to revise their expectations. Proposition
1 establishes that traders revise their expectation about the asset payoff in the same
direction of the public signal, s,. Moreover, the impact of this revision is inversely
related to the quality of each trader’s private information: better informed traders place
a lower weight on the public signal, s, relative to worse informed traders.

To gain more insights about individual learning, we proceed to the analysis of the “f”

I

and “n” economies. In the former case, since 7,

T, it is easy to see from Proposition
1 that

]
B(o{ef) - Belef)) = -5 (s - Belel) . (21)
2,

Equation (21) reveals very intuitive results. First, a necessary condition for a trader
to update his beliefs is that the public signal is related to v (75 # 0). Second, the change
in a trader’s forecast is increasing in “his surprise”, which is defined as the distance
between the signal sy and the trader’s payoff forecast prior to the arrival of the public
signal. Hence, the trader revises his forecast upwardly (downwardly) when good (bad)
public news relative to his prior forecast arrive. Finally, notice that for a given surprise
and public signal precision, the change in the forecast is decreasing in the precision of
the trader’s information. Hence, the change in the forecast is smaller for better informed
traders than for worse informed traders. This means that, in a pure informational sense,
worse informed traders “overreact”, relative to better informed traders, to the arrival
of public information on fundamentals. This explains why, as we document in the next
section, when the market opens at ¢ = 2 better and worse informed traders trade in

opposite directions.
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I

Consider now the “n” economy. In this case 7
P

Tn/kK so that Proposition 1 yields

E(0|Y")) - E(v]a{") = 52;;;@ (/@sn . E@@ﬁ?)) . (22)
i

At a first sight it may look awkward that trader ¢ revises his expectations on the asset
payoff upwardly when he learns that noise is high —which would be what a high signal
sp means. As a matter of fact, v and x are independent, so why does learning depend
positively on s,7 The intuition for this result is as follows. Suppose that at date 2 the
public signal s, is large and positive. Since s,, is positively correlated with the noise,
traders will infer that the realization of x at date 1 was large as well. Since the date 1
equilibrium price is negatively related to the amount of noise in the market, the public
signal s, therefore reveals to traders that v has to be large as well. As a result, trader
1 will revise upward his expectation of the asset payoff. In summary, when a trader
learns that noise is higher than previously expected (bad news for the asset price), he
concludes that the price can only clear the market if the expected cash flow is larger than
previously expected (good news for the asset price). This explains why large realizations
of s, are associated with upwards revisions in the forecast of the asset payoff. According
0 (22), the signal on noise s, needs to be larger than ! (E(v@ﬁ)) - 9) to sufficiently
“surprise” trader ¢ so that he revises his expectations upwardly. Finally, we emphasize
that the rest of the conclusions of the previous case also hold here. In particular, s,, must
be related to noise, i.e. 7, > 0, for traders to update their beliefs. Also, the change
in a trader’s forecast is increasing in “his surprise” and smaller for better informed
traders than for worse informed traders. Again, worse informed traders “overreact”
(in a pure informational sense), relative to better informed traders, to the arrival of
public information on noise. As in the previous case, this explains why informed and
uninformed traders trade in opposite directions at ¢ = 2.

In Section 2 we proved the existence of a unique linear partially revealing equilibrium
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price. We are now ready to decompose the equilibrium prices in an expected cash flow
and a risk premium component. This decomposition allows us to study separately how
the arrival of public information generates changes in agents’ beliefs and in the risk
premium. To understand how traders’ forecasts get impounded into prices we define the

market expectation at date t as:

1

K .

E,;ME/ Ié’lE(v@m)di, t=1,2, (23)
0 t

i.e. Fypr is the date ¢ precision-weighted average of traders’ expectations of v. The next
proposition establishes the relationship between equilibrium prices and market expecta-

tions.

Proposition 2 (price decomposition). In equilibrium, prices and market expectations
are related by:

Po=FEypy— —. (24)
Proof. See Appendix D m

According to Proposition 2, prices at date ¢t can be decomposed into the market
expectations of the asset payoff, E; ps, and the risk premium, rz/K;, components. This
means that the change in the price generated by the public signal is equal to:

K, — K»

P, — Py = (Eam — Ev ) — KK,

re.

Hence, the price changes because the arrival of public news generates either a change
in the market expectations, AM F, or a change in the risk premium, ARP, or both. For
instance, in the case of x > 0, the arrival of public information lowers the risk premium
as equation (20) in Proposition 1 certifies that learning reduces the uncertainty about the
asset payoff, which implies that prices are less sensitive to the noisy asset supply. On the

other hand, the public signal causes traders to revise their individual expectations (see
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equation (19) in Proposition 1), which in turn induces a change in market expectations

as well. More formally, in Appendix D we show that

(25)

)

AME — T;J (an + Kay) (nsp+an9 B M> ,
kK9 an + Kaf

which has the same form as the change in each trader posterior expectation of the asset
payoff (see equation (19)).
Again, it is insightful to consider the two extreme cases of public information only

related to the asset fundamentals (af = 1, a, = 0) and to noise (ay =0, a,, = 1). In the

/

» = Ty and equation (25) readily gives

former case, 7

_ s _ g\
AME = Kéf) (Sf El,M)? (26)

while Kéf ) K 1=7Tyf yields'® the change in risk premium as

ARP = —Lmrx. (27)
KK}

First notice that a necessary condition for the price to change is that 7, > 0. This means
that our equilibrium is sunspots free. When 7¢ > 0, the arrival of public information
generates changes on both the market expectations and the asset’s risk premium. In
particular, the arrival of the public signal always lowers the risk premium, as long as
there is a strictly positive supply of stock in the market x > 0. Market expectations
revise upwardly (downwardly) provided the public signal, sy, is larger (smaller) than
E%f ]2/[ —similarly to what equation (21) predicts for the learning of each individual trader.
Further, notice that both the change in market expectations and in the risk premium
are affine functions of 7;. Hence, the more informative the public signal is, the higher

its impact on expectations and the risk premium. Finally, notice that the price change

18Note that the average of the asset payoff posterior precisions after the first trading round is the same
in both the “f” and “n” economies. Thus we omit upperscripts for K;.
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does not depend directly on traders’ private signals: it just depends on the public signal,
the precision of the public signal, and some parameters of the economy. As we will see
in the next section, this is a key property of our model.

When the public signal is only related to noise (ay = 0, a, = 1) we have that
= 7, /K and equation (25) becomes

!
Tp

Tn (n)
AME = —" (ks +0 — E{"))),
2K

while the change in risk premium reads

Tn

ARP = —————
k2K Ky

rx.

The results in this case are qualitatively identical to those obtained in the previous one.
In particular, a necessary condition for changes in market expectations and risk premium
is 7, > 0 and the risk premium falls as long as this condition is met and z > 0. The
only substantial difference comes from the condition on the signal to generate an upward
versus downward revision in market expectations. For instance, in order for the price to
increase we need a signal s, large enough so that ks, + 6 > EYLA)/[ But, again, the left
hand side of this inequality is related to what each agent learns about v when observing

the public signal, as equation (22) reveals.

4 'Trading Patterns Around Public Events

Having analyzed the economics behind price changes in our model, we now turn
to characterize traders’ responsiveness to the arrival of public news. In this paper we

analyze the following measures of price responsiveness to the arrival of public news:
e Trader i’s change in holdings, or trade: AH; = Hy; — Hy;
e Trader i’s volume of trade: VOL; = |Ha; — Hy 4|
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In the next proposition we state the main result of the present paper. The result
applies to the general case of a public signal that can be arbitrarily related to noise and
fundamentals, and corroborates that REE models can deliver sharp testable predictions

on trading with bearing on performance evaluation.

Proposition 3. Change in holdings and volume are

1
Ale—; (Ti—7_') (PQ—Pl) (28)
and
1
VOL; = - |Ti — 7| | P2 — Py (29)

Proof. See Appendix E m

The results stated in Proposition 3 are remarkable for several reasons. First, notice
that by (28), each trader i’s change in holdings, Hs; — Hj ;, is proportional to the price
change which, as we saw before, is driven by the change in market expectations, AMFE,
and the change in the risk premium, ARP. In particular, agent ¢’s private information,
si, does not enter directly in the trade. Traders private information only affects trade
indirectly through the change in the average market belief, AME. In the cross section
of traders, the change in holdings is therefore mainly driven by the trader’s precision,
Ti. Second, by (28), we have that the sign of the trade is different for better informed
traders, 7; > 7, and for less informed traders, 7; < 7. More formally, let’s sort traders
as a function of 7; in the the set of informed traders, 77, and uninformed traders, Ty,
where:

Tr ={ril7s > 7} and Ty = {r|mi <7} (30)

'9We reiterate here that, strictly speaking, all traders are informed in our economy. These two sets
are defined in the context of the abuse of language throughout the paper referring to better informed
traders as “informed traders”, and to worse informed traders as “uninformed traders”.
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Equation (28) states that informed agents trade against the market, while uninformed
agents trade with the market. That is, informed and uninformed traders follow opposite
strategies, as the former are contrarian traders, while the latter are momentum traders.
Moreover, equation (28) establishes that, for a given price change P, — P, the trading
intensity of trader ¢ is proportional to 7; — 7, that is, to the “distance" between trader

i’s and the average trader’s precisions. Consequently:

e When the arrival of public news generates a price increase:

— All informed traders sell, but those relatively better informed sell more.

— All uninformed traders buy, but those relatively worse informed buy more.
e When the arrival of public news generates a price decrease:

— All informed traders buy, but those relatively better informed buy more.

— All uninformed traders sell, but those relatively worse informed sell more.

In summary, equation (28) allows to globally rank all traders in the economy as it
provides a one to one mapping between AH; and 7; for any given price change. On the
other hand, note that looking at volume (see equation (29)) does not allow a one-to-one
mapping into traders’ talent. In essence for each well informed trader that trades a lot,
there is an uninformed trader trading the same amount (but in the opposite direction).
A one-to-one mapping, however, can be established conditional on the sets 17 or Ty;.
In other words, once we know that traders are informed or uninformed, trading volume
allows for a full ranking of traders as a function of the talent.

In the previous paragraph we discussed the talent inference problem as a function
of the price change generated by the arrival of a general public signal. We now turn to
analyze the inference problem in our two particular economies separately to gain further
intuition. In particular, we provide a characterization of the inference problem as a

function of the size of public signal, instead of the price change.
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4.1 Trading Patterns with Public News on Fundamentals

In this subsection we characterize trading in the equilibrium of an economy with a
public signal which is only related to the asset payoff. Using expressions (26) and (27)

we have the following two alternative characterizations of the price change:

T T
P — P = 7[((];) <3f - Eifz\)4 + K(f)> (31)
2 1
T
PQ—Plz%(Sf—Pl). (32)
KZ

Given that the risk premium falls (for z > 0), equation (31) implies that the price would
increase even if there was no change in market expectations, sy = Eif ]84 Hence the
condition for a price increase is weaker than requiring an increase in market expectations.
Equation (32) states that for the price increase it is sufficient that s; > P, (provided
Tr #0).

We now compute agent ¢’s trade or change in holdings when public news arrive,

which Proposition 3 delivers as

AHy = ——(ri = 7)(s - P). (33)
rK,

According to (33), the change in holdings is driven by the trader’s precision, 7; and
the level of the public signal relative to the pre-announcement price, P;. These two
variables are the main drivers behind the trade direction as well as the number of shares
bought or sold. As expected, given our discussion after Proposition 3, the sign of the
trade is different for informed versus uninformed traders. In particular, informed traders
sell when “good” public news arrive to the market, and buy when “bad” public news
arrive to the market. They are in the right side of the trade as they sell at higher prices,
and buy at lower prices relative to those prevailing in the previous period. Uninformed

traders do exactly the opposite. Now, it is easy to see that the change in holdings is
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always decreasing for the informed traders and increasing for the uninformed traders in

the public signal, s, or the public signal surprise, s; — P;. In particular:

OAH;,  OAH, T

- - i T ; 4
an 8(Sf - Pl) TKéf) (T 7') (3 )

which is always negative for the informed traders and positive for the uninformed traders.
On the other hand, for a fixed sy, the change in holdings is decreasing in 7; when sy > P,
and increasing in 7; otherwise. Figure 1 shows clearly that there is a one-to-one mapping
from agents’ 7; and A H; for any given public signal. This means that we can use standard
econometric techniques to infer talent, 7;, from AH; around public announcements. In
section 5 we address in more detail the empirical implications of the model.

The reaction to public news in terms of trading volume is slightly different. From
(33) we have:

VOL; = —’T'HSf—Pll.

Tf
I
rKéf) ’

Hence, for a fixed sy, volume is increasing in the distance to average talent |7; — 7|; that
is, volume is increasing in 7; for the informed traders (7; > 7), and decreasing in 7; for
the uninformed traders (7; < 7). On the other hand, for a fixed trader (7;), volume is
increasing on the public news surprise |s; — P |; that is, volume is increasing on sy when
sy > Pp, and decreasing in sy when sy < P;. Figure 2 shows how a global ranking is not
possible in this case. As previously mentioned, It is possible, however, to sort traders

conditional on 7; in the set of informed traders, Ty, or uninformed traders, Ty .

4.2 Trading Patterns with Public News on Noise

Using the results in section 3, when ay = 0 and a,, = 1 we have

PQ_Plzi(HSn‘i_e_Pl). (35)

K2K. én)
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As discussed in that section, when s,, is such that xs, + 6 > P;, the increase in market
expectations and the reduction in the risk premium result in a price increase. We now

turn to the trade analysis. Proposition 3 yields

Tn

AH; = Ti—i’)(lisn-f—e—Pl).

T
rnzKén)

Note that the main difference with respect to the “f” economy is that the explicit con-
dition for price changes is different in this economy with public news on noise (equation
(35)) and the economy with public news on fundamentals (equation (32)). Given that
the change in holdings is qualitatively the same as before, so it is the volume of trade.
Hence, all the analysis of the previous subsection holds here. For instance, we have
that
ONH; Tn

= - (ri = 7), (36)
Dsp 7%2K§n)

which is always negative for the informed traders and positive for the uninformed traders.
The only notorious exception with respect to the previous subsection is that the com-
parative exercises are not done splitting the public signal space between those s larger
versus smaller than P;, but rather for all s,, such that xs, + @ is larger versus smaller
than P;. This characterization gives rise to some empirical concerns, which we address

in the next section.

5 Performance Evaluation: Empirical Issues

Our model maps agents’ precisions into trading patterns. Based on these results,
in this section we briefly discuss the empirical methods that can be used to invert the
mapping and infer agents’ precisions from trading data. In particular, we focus on the
use of the basic event studies and time series regressions methodologies. The expert

reader will certainly be able to come up with more sophisticated approaches.
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5.1 Event Studies Methodology

The application of the event studies methodology is straightforward as our model
fits the typical setting in these studies. In the case of a single event, the first task is to
determine if it is associated to good versus bad fundamental or noise public news. In

our model this corresponds to the cases:

sp> P = E§f 134 + %, GOOD public news on fundamentals

sp =
sp< P = Eg@ + %, BAD public news on fundamentals
Pi—6 _ B0
Sp > == = M 7> GOOD public news on noise
= P—6 _ B0
Sp < L= = 1’]Z + Kilv BAD public news on noise

Conditional on the particular type of event we have at hand, our model predicts that
the change in holdings is either decreasing (case of good news) or increasing (case of
bad public news) in talent. In the case of multiple event studies we just run separate
regression of the change in holdings on the news that belong to the set of good news and
the news in the set of bad news. Strictly speaking, to sort events we have to compare
the realization of the public signal with past prices or market expectations and risk
premia. Alternatively, we could use the price change, P, — P, as the sorting variables.
There are good proxies for all these cases in actual financial markets. For instance, in
the case of public news on fundamentals, we can define a GOOD event as an earnings
announcement that generates a price increase. Alternatively, we could define it as an
earnings announcement above the analysts’ consensus on earnings forecasts, or simply
an increase in earnings. In the last two cases we ignore the change in risk premium in
the classification of the events. Given that the risk premium is positive in the data, in
terms of our model, this means that we are classifying some of the GOOD events as
BAD events. Consequently, the test in the set of GOOD events will be correct, while

there could be problems with some “small" bad news. The econometrician can impose a
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suitable criteria to exclude these so that the ranking is accurate in the whole restricted
set of bad news.

Unfortunately, volume is not mapped uniquely into talent and, consequently cannot
be used as a sorting variable in this type of studies. In order to use volume we should be
able to split the data of traders into informed versus uninformed ex ante. For instance,
one might conjecture that all hedge fund managers are informed (i.e., belong to the set
Ty defined in (30)) and that the task is to sort from most to least talented within this
group. As we saw in section 4, once we are able to ex ante assign traders to the sets 17
or Ty, given in (30), we have a unique ranking of managers’ talent as a function of their
trading volume. Of course, for these conditional subsets we could also use the change in

holdings as a predicting variable.

5.2 Times Series Methodology

We can also run unconditional regressions of the change in holdings on the change
in the public signal, using our model implications outlined in (34) and (36).2° The sign
and size of the public signal coefficients (beta) will tell us all we need to know about the
abilities of the traders in the sample. For instance, and for the sake of the argument, in
the case of public information on fundamentals we could consider the change in quarterly
earnings to measure the change in sy, say Asy = sy; — sy;—1, and data on quarterly
holdings of mutual funds to measure AH; = H;; — H;;—1, and then run the following
regression:

AHZ' =q; + ﬁiASf + &;. (37)

Then, according to (34) we expect skilled managers to have negative betas whose absolute
value is increasing in talent and unskilled traders will have positive betas which are
decreasing in talent. In the case of public information on noise, (36) lends itself to

an empirical counterpart very similar to regression (37) with As,, in-lieu of Asy. For

20Gee our previous discussion on how to proxy for this change in the public signal.
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instance, one could proxy for changes in risk aversion by means of the change in gold
price or the difference between the physical and the risk neutral distributions of returns.

As before, the volume of trade would not work on this type of regressions as volume
is arbitrarily high for both very talented and not talented traders. This time series
regressions would work if, as before, we are able to split the data of traders between
informed and uninformed ex ante.

As we mentioned in the introduction, the availability of data both on portfolio hold-
ings and public events makes these empirical exercises perfectly implementable in prac-

tice.

6 Conclusion

The main goal of our paper is to shed light on the relationship between fund man-
agers’ private information and their performance. As private information is very difficult
—if not impossible— to measure, we bypass this problem and concentrate on the trading
behavior of fund managers around public information arrivals. To this end, we develop a
two-period rational expectation equilibrium (REE) model where agents possess private
information about an asset payoff at the first trading round, and then public news flows
to the market at the second trading round. The arrival of public information changes
traders’ beliefs about the asset payoff, and generates trading. The specification of the
public signal is kept as general as possible, in order to encompass the different types of
public information affecting prices, allowing for public signals related to the asset funda-
mentals, the noise in the market, or both. Real world examples of these signals include
earnings announcements (payoff related), measures of risk aversion (noise related) and
analyst recommendations (related to both). We focus on linear equilibria that partially
reveal the asset payoff, and characterize the unique equilibrium within this class. We
show that the equilibrium price can be decomposed in two parts: the market expectation

of the asset payoff and a risk premium component. In order to gain an intuition on the
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drivers behind the changes in prices and asset holdings, we specialize our framework to a
public signal that conveys information on either payoffs or noise. Our two main findings
are: 1) good managers are contrarian traders and bad managers are momentum traders;
and 2) the size of the trade is increasing in the distance of the traders’ talent to the
average talent in the market. Based on these predictions, we propose new performance
evaluation measures that rely on the manager’s change in holdings around the arrival of
public news rather than his past performance. In general, we argue that disclosure of
holdings may be included in hedge funds due DD procedures in order to better assess
the manager’s talent.

We believe our methodology should complement, rather than substitute, the more
traditional return-based performance evaluation methodology. More specifically, we pro-
pose a new protocol for performance evaluation that requires outstanding performance
both in terms of “alpha” and in terms of trading patterns consistent with informed trad-
ing. Given the sound microfoundation of our measures of performance we would then

identify the true alphas arising from superior management skills.
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Appendix

A. Proof of Lemma 1

Consider the first two moments of the distribution of the vector (v, s;, sp, ) in (3)
and define as M; the variance-covariance matrix of ®5;. The determinant of M; is

e
| Mi| = — o)
TiTpT2T2
with
M = ToTx (TI + k3 + /4:27'1}) —Tp [(afo — anm-v)2 + K275 (afwx + CL?LTU)} . (A1)

We will throughout assume that the parameter restrictions guaranteeing the matrix M;
to be a valid variance-covariance matrix hold true.
By properties of the normal distribution we have that

E (U’@gyi) = m;l (CLQ’U + b + €2,;8; + dgsp + 629) , (AQ)
where
az =m; —C24 — CLfdQ — €9 (A3.1)
b2 = KkKey — andg (A32)
coi = K27, (Tsz — Tp (afcrx + a%rv)) (A3.3)
dy = KTpTyTy (an + afK) (A3.4)
e =Ty (ToTe — afTp (A Ty — ApKTy)) (A3.5)

Since the coefficients dz and ey are identical for all traders, so is by in (A3.2). To see that
also ag is identical for all traders, one substitutes m;, c2;, d2 and ey (defined, respectively,
in egs. (A1),(A3.3),(A3.4) and (A3.5)) in (A3.1) and gets

as = K31y (TUTI —Tp (a?n’x + aiﬂ,)) , (A4)
which allows to rewrite (A3.2) and (A3.3) as

Tz02 702

and cp; = . (A5)

KTy Tov

by =

Making use of 7, from (4) in the expression (A4) allows to rewrite ap as

(a?n’n + G%Tf) /4;27'27'3

ag =

(A6)

a?ﬂ'nTm (T4 7o) + @277y (T + 7))
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which is clearly positive. It follows from (A5) that b and cp; are positive as well. Finally,
substituting 7, from (4) in egs. (A3.4) and (A3.5) yields
!/

/
T,092 T,0n T a9

dy =L and ey = P —; —
K K Ty

(A7)

Ty

where 7, is defined in (7). Since ag > 0, from eqgs. (7) and (A7) we have that £ > 0 is

a sufficient condition for de and ey to be positive -in the main text we indeed show this
condition is satisfied in equilibrium, see eq. (14).
The posterior variance of the asset payoff at date 2 is

1 1
\% (U’(I)Zi) = — = (827,' + afdz + 62)

Toy ToTy
ag

)
TyMy

where the last line follows from (A3.1).
Equivalently, the date 2 posterior precision of v is

Ky = : (A8)

Making use of (A8) in the date 2 posterior expectation (A2) yields

)

1 b ; d
B (0]®g;) = —— (7,0 + 25 4 g,y T2, TvC2y
’ Ko a as as as
and the expectation in (6) follows from the latter and the expressions for the projection
coefficients in (A5) and (AT).
Making use of eqs. (4),(Al) and (A6), the posterior precision Kz ; in (A8) becomes

afanT fTn
K

afﬁn(qw—n—i-m—l—;%)—|—afl7f(n+7v+7"+”)+2

2

Koy =
2 CL?:’Tn +a27y

which is (8) with wy = a?ﬂ’n/ (afﬂ'n + a?ﬂ'f)’ O

B. Derivation of date ¢t = 1 holdings
First define:

yi=r(Pr— P) Hii— Ko (v— ) (B(v]|®g;) — ),

and using the LIE, trader i objective function at date 1 rewrites as E [E (—e¥|®g ;) [P ,4].
Note that, conditional on ®3;, the asset payoff v is the only source of randomness in y;.
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Therefore e¥ is lognormally distributed as

Uil®ai ~ N | 7 (Pr— Po) Hyy — Koy (B (0] @) — Py)?, K2, (B (0] @s) — Py)? 1(12
=K3,i(E(v|®2,;)—P2)?
It then follows that
E (—e¥|®s,;) = — exp {r (P~ Py) Hy, %KQ (B (v]|®s,) — P2)2} ,
and trader i objective function becomes E (—e*|®1 ;), where
zi=r(PL— Py) Hy; — %KQ (E (v|®q;) — P2)?. (B1)

Before proceeding, we have rewrite the term E (v|®g;) — P>. The date 2 posterior
expectation in (A2) can be rewritten as

TiS; 1 T doT eaT 1
E(v|®2;) = Klzz + ey (TUU + f:c%— TU + a;sp + a; (v—kx) — m:) K (Tv — rx)

1
= K277; (Tisi + KoPy — ?0) R
where the definition of 6 together with (A5-A8) give the first line, the equilibrium price
in (13) yields the second line, and the last line obtains as v = 6 + kz and from (14).
Using the latter and (12) yields

1
E(U|<I>2J)-P2:K (—(Ti—?)Pg—i—TiSi—?e),
2,
so that z; in (B1) rewrites as
1 _ N2
Zi :T(Pl —PQ)HLZ‘— 2K2' (—(Ti—T)Pz-i-TiSi—Tg) .
K
Then letting
Py =P, — E(P2|®1,) (B2)

be the deviation of the second period price from its conditional mean (note in general
this depends on trader ¢, but we suppress this dependence ), one has

zi:af’g—i-bpg—{—c
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where

_ (=7 (B3.1)
T T kK, ‘
b= — <7‘H17i _ iz T (Tisi — (Ti — ?)E(PZI(I)LZ') — T@)) (B32)
2,
1
c=r (Pl —-E (P2|(I)17i)) Hl,i - — (Tisz‘ — (Ti — 7’) E (P2|(I)17i) — 7’9)2 . (B33)

Following Marin and Rahi (2000) we then have that the expected utility takes the form

E (—e%|®1,) = — (1 —2aV (152|q>17i>)71/2 exp (b;w + c> , (B4)

where we set

\% (P2|(I)17Z‘>
1—2aV (PQ"I’Li) ‘

(B5)

From eq. (B2) we immediately get V (]52\@1,7;> = V (P2|®1,). Thus to evaluate the

date 1 expected utility we need closed forms for E (P|®; ;) —~which enters a and b- and
V (P2|®1,), according to:

Lemma 2. The first two moments of Py conditional on date 1 information are

1 _ Tz _ _ TmK2,i
E(P|®1;) = K1k [(TUU + ;x) Ko+ (Ko — K1) Tisi + <K1,7,T + e ) 9]
(B6)
K ;
V(P|®q,) = 2 (K2 — K1) (B7)

K1,K3

Proof. Rewrite P> in eq. (2) as P» = ag + (50 + 025, and note that, conditional on
Py = {s;,0}, we have

E (P2|(I)172‘) = (9 + 529 + 52E (Sp‘q)l,i) (BS)

V (P2|®1,) = 65V (sp|®1,3) (B9)

so that the problem boils down to projecting s, onto ®1;. Letting K;; be as in (16),
the distributional assumptions in (3) yield

1, _ _
E (sp|®1,) = (Kl,mz) (@10 + 01Z + c1,38; + d140),
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where

a1 = aK1;5% — c1; — dy (B10.1)
by = CLnKLZ‘RQ + d17i,‘€ (B10.2)
c1; = KT (an + afk) (B10.3)
dl,i =afTy — Apk (Ti—i-’i'v) (B10.4)
Substituting K ; from eq. (16) into the expression for a; in (B10.1) gives
a1 = KTy (an + ayk) (B11)

which does not depend on i. Moreover, from (B10.2-B10.3) and (B11) we have that

1Ty aiT;
b = and c1; = .
KTy To

Thus the conditional expectation of the public signal is

_ . d .
E(Sp‘q)l’i) = (Klﬂ'/ﬂ?) 10,1 (17 + Tz T+ Qsi + 1,z9> . (B12)

KTy To al

Now consider the conditional variance

2 2 _ 2 2 (.2 2
27, + a2t (afTy — ankTy)” + KT} (a T+ a TU)
V(Sp’q)l,i) _ Q?T;I—Fagﬂ';l—i— fl= nTv f n

ToTe Ky iK2TyTy

- (K?*Ty + T2) (a?u + a%m) — (apre — ankTy)?

= a?crfl —i—a%r,}l +

, (B13)

K1 iR2Ty Ty

where we have used (4) in the first line. Before moving to the second date price posterior
expectation and variance, we obtain a number of results. First, substituting K1 ; from
(16) into the expression for Ky ; in (8) yields the following recursion on the asset payoff
posterior precision

‘ Tan (an + CLfKJ)2

Ko = Kiq;+ .
K2 (a%rf + afcrn>

Making use of dz in (A7) and the definition of 7}, in (7) and a; in (B11) allows to rewrite
the recursive formula (B14) rewrites as

(B14)

Ko; —Ki;= B15
2= K = 202 (B15)
Second, making use of (A7) together with (A6) and d;; in (B10.4) gives
dy id z
EKMHP + “i72 LKQ,Z'. (B16)
az az Ty
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After having established these results, we go back to the conditional moments of Ps.
The conditional expectation of s, in (B12) allows to rewrite E (P|®; ;) in (B8) as

_ Tz _ 1 d2a1 aids
E(Py|®,;) = ( Te ) = 5
(P2|1) T <K2 * Kl,m%) T K K2
1 [ Teea  Tudyda
_ > 9
+K2 <T+ a + a2K17Z'/£2 ’

which, together with (B15) and (B16), yields (B6). As for the conditional variance,
V (sp|®1;4) in (B13) provides

V (Pa|®1,) = (1 )2 7570 (n + ag)” Ko
i) = 5
K] 2 <a%Tf + a?m) K

and (B9) follows using the recursive formula (B15). After having established these
results, we go back to conditional moments of P,. The conditional expectation of s, in
(B12) allows to write

_ Te_ 1 d2a1 ayds
E(Py|®1;) = ( To ) = s
( 2| l,z) TyU + - X <K2 + K17i/€27'1;> + CL2K17Z'K2/€2T151
1 _ Tp€2 Tod1,id2
il ; 0
+K2 <T+ as + CL2K17¢I€2 ’

which, together with (B15) and (B16), yields (B6). As for the conditional variance. eq.
(B13) yields

1 )2 TfTn (an+afn)2 Ky

V(Ps|®1) = (
Ky) 2 (G%Tf i a%m) Ky,
and (B9) follows using the recursive formula (B15) m

We now proceed in determining date 1 holdings. From eqgs. (B3.1) and (B9) neither
a nor V (P,|®; ;) —and a fortiori, ¢; defined in (B5)- depend on Hj ; so that the the first
order condition for maximizing (B4) is

b? ob dc
exXp <2wz + C) <b¢ZaHl7l + 8H1’Z‘) =0.

As the first term in the latter is strictly positive, optimality then boils down to

ob Jc
o, T o,

0. (B17)
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Egs. (B3.2)-(B3.3) readily give

b _ nd Jc
oH,; % amHy,

=1 (P, — B (Ps|®1,)),

so that date 1 holdings from condition (B17) are

E(P2|(I>17i) — P n Ti — T
b, Ko

THl,i = (Tisi — (TZ‘ — ?)E (Pg‘(I)LZ') — ?0) R (B18)

which depend on the posterior expectation and variance of Py. Egs. (B3.1), (B7) and
(B5) give

prl = K1,K3 . (ri = 7)°
! Ky (Ka; — K1) Ko
KoK,y _
2 (-7
Ko; — Ky (ri=7)

where the last line follows from eq. (12) and some rearranging. The latter allows to
rewrite (B18) as

KoK,y _ Ti—T - Ky K2
H,=—(—="" o P o 2h 7 E (Pl
rHy; <K2,i - Ky + (7 T)> 1+ K. (Tisi =T )+K2,i (Kai — K1) (Po|®1,),

and using E (P|®; ;) from eq. (B6) in the latter yields holdings as in (15). O

C. Proof of Proposition 1

We first consider the change in posterior precision. From the date 1 posterior preci-
sion in (16) we have that Kéj? and ng) in (9) can be equivalently rewritten as

.
KD = Kygbry and KD = Kygt 78

so that the date 2 posterior precision in (8) becomes
afaanTn

)

-
K27Z' = Klﬂ'—i—waf + (1 —(,Uf) % + 2
K K (a?n’n + a%7f>

which is eq. (20).

Then, we derive the date 1 posterior expectation of the asset payoff. First, observe
that the LIE implies E (v|®1,;) = E[E (v|®2,) |®14] since ®3; D ®1,;. Thus, from eq.
(D1)

1 T T T
B (v|®1,) = oo (7'1;17 + f:ﬁ +Tisi + ;:@E (8p|P1,i) + a;}€29> ;
K
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which, substituting the conditional expectation in (B12), becomes

1 d dy i
E(v|®,) = (TUU + gy Tisi + a1722 (TUU + 2z Tisi + M@) + Tveg@)
Kg,i K (12K17il‘€ K al ag
1 . Ta_ Ky o Tx_ Ko
= Ko, (TUU + f:c + 78 + <K12 — 1> (TUU + ;mx + Ti8i> + T K1,122 6’)
1 T T
= K <’7’v1} + fﬂ: + Tisi + K—i@) , (C1)

where we have used the recursion (B15) and eq. (B16) to get the second line. con-
sider changes in posterior precision first. From eqgs. (6) and (C1) the date 2 posterior
expectation of v reads

B (0]®21) = — (KB (0]rs) + s, + 220 2
vl 2,z)—K2, Lilll (0] ®10) +7psp + — - : (C2)
('

)

so that the change in posterior expectation is

/

Ky T
E (U|(I)27Z') —E (U|<I>1’i) = ([(; - 1) E (’U|(I)17i) + I{Ié; ' (I{Sp + an9) . (C?))

The dynamics of the posterior precision in (B15) can be equivalently rewritten as

T/p (an + kay)

Ko; — Ky =
K

(C4)

where 7, is defined in (7). Making use of (C4) in eq. (C3) then yields the expression for

changes in expectations in (19). O

D. Proof of Proposition 2

The product between the asset payoff posterior expectation and precision at date 2
is given by egs. (6) and (A8) as

/
T Tpdn T
KQJ‘E (U|(I>2,i) :Tv@—i-f:f—i-TiSi-i-T;Sp-i- <Z;n+/£) 0, (Dl)
which, together with the definition of # and the date 2 price in (13), gives

1
/ KQJE (U|(I)2,i) di = K9Py +rx
0
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which is eq. (24) for ¢ = 2. We now establish (24) for date 1. Multiplying both sides of
eq. (C1) by K; /K, and aggregating gives

1 T T
Ein = 2o (rw + T4 Tisi+ ﬁ%e) ; (D2)
and eq. (24) obtains by comparing the latter with the date 1 equilibrium price (18).

Finally, we show that market expectations evolve according to . Multiplying both sides
of eq. (C2) by Ky ;/K> yields

K2,i 1 7! an
EE (v|<I>2,Z-) = (KL,'E (v|<I>1,Z-) + T;Sp + pﬁ 9) ,

2
and aggregating across traders gives the date 2 market expectation as

an

1 rooTp
E2’M:FQ KlELM—{—TpSp—I- - 0.

Then the change in market expectations is

Bon—E K 1k ™ 0

oM — LM = FZ_ 1’M+TI(2(HSP+CL”)
7_/

= ﬁ—;{)? (ksp + anl — (an + Kay) By ),

where the last line follows from eq. (C4) and the fact that Ko; — K1 ; = Ko — K. O

E. Proof of Proposition 3
We first rewrite date 2 holdings in (10) as

anKT) + T
rHy; = Tuﬁ—i-T—xi—i-?v—i-T;sp—i-in L 20 —rx 4 7i8i — 70+ 1 — Ko i Po
K K
(KQ—K27Z‘)P2+T7:S7;_'7—U+T$
= —(mi—7)Pa+T1isi —Tv+rn (E1)

where we use the date 2 equilibrium price in (13) and § = v — rz to get the second line,
and the last line follows from (12). Next, we rearrange date 1 holdings in (15) as follows

KoK,y _ Ky T Tx
TH]_J‘ _<M+(7i_7)>P1+M<TUU+,@x+7—v+,§20_r$>
K K
+7i8; + ! 0 2 (Tv —rx).

70 —
Ko; — Ky Ko; — Ky
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Comparing the latter expression with the date 1 equilibrium price in (18) yields

_ K _ K _
Hi: = —(ri—7\P q. 0 — _
rHy; (1 =7) P1+ 738 + o Kl,iT Kor— K1l (Tv —rx)
_ Ki— Ky _
— (1. —F)P oy rL T A2 _
(i —T) P+ 78 + Koi— Kv, (Tv — kx)
= —(TZ‘—?)Pl—}-TiSi—(?’U—H:L‘), (EQ)

where the second line follows from 6 = v — rx, and eq. (17) yields the last line. Then
Proposition 3 follows from egs. (E1) and (E2). O
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Figure 1. Public information and change in holdings. In the case of payoff-relevant information, the
arrival of a public signal (horizontal axis, sf) different from the date 1 price generates trading.
Changes in holdings (AH;) are represented on the vertical axis. The figure portrays the trading
reaction of four different traders (k',k,i’,i) to the arrival of both good and bad news on

fundamentals and, as prescribed by the equation AH; = —%(Ti —7)(sf — P1). Each trader has a
L)

different precision of private information, with 7; > t; > 7 > 7, > 74.
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A

IAH,

Figure 2. Public information and volume. In the case of payoff-relevant information, the arrival of
a public signal (horizontal axis, sf) different from the date 1 price generates trading. Absolute
changes in holdings (volume, |AH;|) are represented on the vertical axis. The figure portrays the
volume reaction of four different traders (k',k,i’,i) to the arrival of both good and news on

fundamentals, as prescribed by the equation |AH;| =%|‘[i —f||(sf — P))|. Each trader has a
L)

different precision of private information, with 7; >t} > 7 > 7, > 74.
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