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Abstract

A pervasive empirical finding is that mutual fund managers do not maintain their
performance. In this paper, I show that social interactions can explain this fact. To do
so, I allow a “crowd” of managers to meet at random times and exchange ideas within a
rational-expectations equilibrium model. I show that social interactions simultaneously
allow prices to become more efficient and better-informed managers to reap larger
profits. Yet, social interactions cause managers’ alpha to become insignificant. The
main implication is that increased efficiency causes managers to implement passive
investment strategies for which they should not be rewarded. In addition, by increasing
price informativeness, social interactions produce momentum in stock returns and induce

most managers to become momentum traders, consistent with empirical findings.
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1 Introduction

There is ample evidence that the performance of mutual fund managers does not
persist.? The vast majority of managers are unable to generate abnormal returns and a
significant fraction even underperforms passive benchmarks. The handful of managers
who outperform seldom maintain their performance.

That performance does not persist is usually taken to imply that managers do not
possess superior information (e.g., Carhart (1997)). In this paper, I show that a manager
who possesses superior information does not necessarily maintain her performance if
she interacts socially with other managers. To do so, I develop a rational-expectations
equilibrium @ la Grossman and Stiglitz (1980) and Wang (1993), in which agents gather
information from both prices and social interactions. In the “noisy rational-expectations”
literature, the typical setting involves a population of agents endowed with private
information, who attempt to infer the information of other agents from prices. Other
learning channels are absent. In my model, social interactions account for an alternative
channel whereby information gets passed from one agent to another through private
conversations, naturally complementing the price-learning channel. Social interactions
simultaneously allow prices to become more efficient and better-informed managers to
reap larger profits, and yet cause their performance, as traditionally measured (e.g.,
alpha of Jensen (1968)), not to persist. The main implication is that increased efficiency
induces managers to implement passive investment strategies for which they should not
be rewarded.

My model builds on a large literature arguing that social interactions play an
essential role in the marketplace.” For instance, a survey by Shiller and Pound (1989)
shows that interpersonal communications are an important component of institutional
investors’ decisions. To the question “ Was the fact that someone (whom you know or
may know of) bought stock in the company influential in getting you to buy the stock 27,
44% answered “yes”. While the empirical prevalence of word-of-mouth communication
is increasingly acknowledged, theory has made little headway in this direction.

In this paper, I show that social interactions allow to explain, within a unified

model, a number of stylized facts in the mutual fund literature. To do so, I consider a

!Barras, Scaillet, and Wermers (2010) find that the fraction of skilled managers has dropped from
14% in the early 90s to a mere 2% in the last decade. Jensen (1968), Malkiel (1995), Gruber (1996)
and Carhart (1997) find that most mutual funds fail to outperform, and often underperform, passive
benchmarks, even before transactions costs. See Wermers (2000) for a literature review.

2See Hong, Kubik, and Stein (2005) and Cohen, Frazzini, and Malloy (2008) for references related
to the mutual fund industry. Massa and Simonov (2011) show that college-based interactions influence
portfolio decisions. Hong, Kubik, and Stein (2004) show that investors find the market more attractive
when more of her peers participate. Brown, Ivkovie, Smith, and Weisbenner (2008) reach similar
conclusions. Other evidence includes Grinblatt and Keloharju (2001) or Ivkovic and Weisbenner (2005).



rational-expectations equilibrium model in which a crowd of fund managers attempt
to forecast some fundamental, while noise traders continuously blur the price signal
about this fundamental. As in prior contributions, managers initially develop a working
idea regarding the fundamental. In contrast to prior contributions, however, managers
interact socially and refine their initial idea through both prices and word-of-mouth
communication. Specifically, managers meet at random times and share their ideas
until the fundamental is revealed. When two managers meet, information flows in both
directions as managers bounce ideas off of one another. After the meeting, managers
wind up with new pieces of information and post an order. By clearing the market,
prices centralize the outcome of conversations, albeit imperfectly due to noise trading.
This process leads to a novel form of learning, which includes a common and a
private channel. What makes learning unique in my model is the way in which the
private channel fits into the learning process and how the private channel affects the
common channel. The pattern of information arrival is as follows. When a manager
is socially inactive, she analyzes the price—the common channel—in an effort to infer
private conversations among other managers. Information aggregated through the price
flows tick-by-tick, which induces continuous updates in a manager’s views. By contrast,
conversations—the private channel—take place every once in a while. But upon meeting
someone, a manager obtains large pieces of information, which she incorporates by
updating her expectations in a discontinuous way. Private conversations ultimately
feed back into the price and thereby make the public channel increasingly effective. If
social interactions are sufficiently intense, the market learning process improves at great
speed; a manager becomes progressively unable to preserve her informational advantage
before the market catches up with her (that is, her performance does not persist).
Consistent with empirical findings, this mechanism applies to most managers in
my model except a small group of top performers.® This result is perhaps surprising
considering the rich information heterogeneity triggered by social interactions. While
managers hold one idea initially, some may entertain many meetings but others may
be less successful. Therefore, only a subset of managers eventually get a “good” idea—
many pieces of information—about the fundamental. Building on Stein (2008), good
ideas do not travel all over the marketplace. Good ideas rather remain localized. In
my model, managers with good ideas do not talk with those who hold inferior ideas.
This segmentation of information allows managers with good ideas to preserve their
informational advantage over a longer time period. Yet, even if a manager gets a

good idea, market efficiency eventually offsets her informational advantage so that her

3Kosowski, Timmermann, Wermers, and White (2006), Barras, Scaillet, and Wermers (2010) and
Fama and French (2010) find no evidence of skill, except in the upper tail of the cross-sectional
distribution of managers.



alpha rapidly becomes insignificant. Only exceptionally good ideas allow a manager to
consistently generate abnormal returns.

This result, however, does not imply that managers with good ideas do not extract
large rents. Before accelerating the information flow through prices, private conversations
first allow managers to improve their market-timing ability. As social interactions
intensify, managers with good ideas speculate more aggressively and rapidly accumulate
large profits in dollar value. Hence, even if price informativeness eventually weakens
their timing ability, these managers pocket substantial profits in the meantime. In
contrast, managers with inferior ideas immediately rally to the market consensus and
lose their timing ability. Information heterogeneity therefore creates large and persistent
spreads in trading gains across managers.

Overall, social interactions do not prevent managers with good ideas from accumu-
lating large trading gains, but cause their performance, as measured by their alpha,
not to persist. The reason is that social interactions induce most managers—even
those with good ideas—to progressively implement passive investment strategies for
which they should not be rewarded. As a result, not only does their performance
become non-persistent, but their alpha becomes even negative. This mechanism may
be powerful enough to make it literally impossible to distinguish alphas generated by
managers with good ideas from alphas generated by managers with inferior ideas.

The model offers two additional empirical implications. First, social interactions
produce momentum in stock returns, one of the most pervasive facts in Financial
Economics.” That my model generates momentum is intriguing for two reasons. First,
in a rational-expectations equilibrium, returns usually exhibit reversal (e.g., Wang
(1993)). Second, in my model, momentum is a rational phenomenon that is not simply
driven by a risk factor (noise trading). Indeed, momentum hinges upon the diffusion
of information through private conversations.” Carhart (1997) argues that the weak
evidence of performance persistence in the mutual fund industry is the sole result of the
one-year momentum effect. By providing a new theory for momentum based on social
interactions, my model suggests that momentum profits are rather modest and that
managers pursuing momentum strategies are unlikely to maintain their performance.

Second, social interactions give rise to trading patterns that are consistent with

those identified in the mutual fund industry. By increasing price informativeness, social

4See Poterba and Summers (1988), Jegadeesh and Titman (1993), Rouwenhorst (1998), Menzly
and Ozbas (2010) and Moskowitz, Ooi, and Pedersen (2011), among others. This result is consistent
with Wermers (1999) who argues that mutual fund managers are likely to play an important role in
the momentum mechanism.

5See Daniel, Hirshleifer, and Subrahmanyam (1998), Barberis, Shleifer, and Vishny (1998) or Hong
and Stein (1999) for behavioral explanations. See Berk, Green, and Naik (1999) and Johnson (2002)
for rational risk-based accounts.



interactions encourage lesser-informed managers to chase the trend in an attempt to
“free-ride” on the information of others. Instead, managers with superior information
tend to break away from the herd to exploit their informational advantage, as in Coval
and Moskowitz (2001).° As social interactions intensify, the market processes more and
more information so that even well-informed managers eventually align with the market
consensus. For most managers, momentum trading becomes sooner or later an optimal
strategy. This result is in line with Grinblatt, Titman, and Wermers (1995) who find
that 77% of mutual funds in their sample are momentum investors.

After discussing related works, the balance of the paper is as follows. Sections 2
and 3 respectively present and solve the model. Sections 4, 5 and 6 contain the results.

Section 7 concludes. Mathematical derivations are collected in the technical appendix.

Review of the Literature

My model relates to three strands of literature. First, in the absence of social interactions,
my model nests the “noisy rational-expectations” setup of He and Wang (1995), except
for allowing trading to be continuous. This model serves as a natural benchmark against
which to evaluate the effects of social interactions. Private information is dispersed
among investors and learning is exclusively guided by prices. This model has two
additional advantages: first, it involves an economy with a finite horizon, a convenient
framework to study performance persistence. Second, the model involves long-lived
information, a necessary feature for social interactions to impact prices. My paper
differs from He and Wang (1995) in two respects, though. While He and Wang (1995)
investigate the effect of dispersed information on trading volume, my main focus is on
performance. But more important, unlike He and Wang (1995), my purpose is to let
agents interact socially.

Second, in my model, social interactions are based on the recent developments in
the “information-percolation” literature initiated by Duffie and Manso (2007). While
information percolation is usually applied to decentralized markets, Andrei and Cujean
(2011) show that information percolation is equally relevant when markets are centralized
but information is not—agents meet to share their information. This approach to
modeling social interactions is also advocated by Andrei (2012). Unlike Andrei and
Cujean (2011) and Andrei (2012), agents in my model are free to trade whenever they
receive new information. As a result, public information continuously flows from prices,
while private information flows at discrete, random points in time. This reconciles the
meeting and the trading frequency, changes the pattern of information arrival, and leads

to a novel form of learning. As a technical contribution, the learning process requires a

6See also Brennan and Cao (1997) and Feng and Seasholes (2004).
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new filtering technique. Furthermore, unlike Andrei (2012), information is inherently
long-lived in my model, allowing me to study how long informational advantages subsist.
Finally, unlike Andrei and Cujean (2011) and Andrei (2012), I adapt the percolation
mechanism to embed the finding of Stein (2008) that good ideas remain localized. I
show that even if good ideas remain localized, the market rapidly catches up. Therefore,
good ideas only provide a short-lived informational advantage.

Finally, a well-accepted explanation for the lack of performance persistence in the
mutual fund industry is that of Berk and Green (2004). If the provision of funds by
investors is competitive and superior managerial ability is scarce, abnormal performance
attracts flows of funds that compete away subsequent abnormal returns. The view
expressed in this paper is distinct in several respects. First, the mechanism I highlight
does not rely on fund flows: performance becomes non-persistent, even in the absence
of flows into and out of the fund. Second, while Berk and Green (2004) build their
explanation on the notion of “superior ability”, the source of which they do not model,
mine is based on the familiar notion of informational heterogeneity: some managers are
endogenously better informed than others.” Lastly, the model of Berk and Green (2004)
is partial equilibrium (trading does not affect benchmark returns). Instead, my results

rely on an equilibrium mechanism whereby prices become gradually more efficient.

2 A Model of Socially-Interacting Fund Managers

The goal of this section is to introduce social interactions in an otherwise standard
Grossman and Stiglitz (1980) framework. Subsections 2.1 and 2.2 present the economy
and its information structure. Subsection 2.3 describes how fund managers interact

socially and then derives the resulting distribution of information in the economy.

2.1 Assets, Trading, and the Economy

The economy has a finite horizon 7' < oo and trading continuously occurs on [0,7"). An
economy with a finite horizon offers a convenient framework to study the persistence of
performance. Moreover, because my purpose is to introduce social interactions whereby
agents meet and share information on the time span [0,7'), it is important to let agents
trade when they receive new information.

The market consists of two assets. The first asset is a riskless claim with perfectly

elastic supply. Its rate of return is normalized to r = 0, as in He and Wang (1995).%

"See Chevalier and Ellison (1999a), Coval and Moskowitz (2001), Cohen, Frazzini, and Malloy
(2008) and Christoffersen and Sarkissian (2009).
8See also Admati (1985), Wang (1993), He and Wang (1995) or Brennan and Cao (1996). However,



The second asset is a risky stock with equilibrium price P; at time ¢. The stock pays a
liquidating dividend Il + ¢ to be revealed at date T and which I regard as the stock’s
fundamental value.

The supply © of the stock is stochastic and follows an Ornstein-Uhlenbeck process:
dO,; = —aeB,dt + 0odBY (1)

where (Bp);>o is a Brownian shock with amplitude 0g > 0 and mean-reversion speed
ag > 0. As is customary, I interpret © as the supply of the stock available to the
market, while noise traders—agents who trade for reasons unrelated to fundamental
information—have inelastic demands of 1 — © units of the stock (in total supply of
1).” Trades posted by noise traders make the supply © noisy through (1) and thereby
prevent prices from fully revealing the fundamental.

The economy is populated with a continuum of fund managers. Each manager j in
the crowd attempts to predict the fundamental value of the stock. Manager j does so
by analyzing the tape, and by privately discussing with other managers. Information
collected by manager j up to time ¢ is contained in her information set .7-}] .

I am interested in the heterogeneity of information F/ = (]:tj )i>0 generated by social
interactions among fund managers. Differences in risk aversion is not my main focus. I
thus assume that managers share a common absolute risk aversion « and, for simplicity,
exhibit CARA utility. The problem of a manager j is to find a predictable portfolio

strategy 6/ maximizing her expected utility over terminal wealth

E [—e‘”w%

g
subject to the constraint
Wi = Wi + /[ AP+ APy 2)
0,1

I make two modeling choices regarding (2). First, I neglect fund flows. One may
think of funds in my model as closed-end funds.'® Second, for simplicity, I follow Koijen
(2012) and do not impose short-sales or borrowing constraints, although managers may
face certain trading restrictions.'' Finally, notice that trading in (2) allows for a jump
in prices of size APr at the announcement date. I elaborate on this price jump in the

next subsection.

see Loewenstein and Willard (2006) for the implications of endogenizing the riskfree rate.
9Performance will be measured not including the losses of noise traders.
10Gee Chevalier and Ellison (1997) and Sirri and Tufano (1998) for empirical treatments.
11See, for instance, Almazan, Brown, Carlson, and Chapman (2004).



2.2 The Information Structure

The fundamental value of the stock consists of two parts, II and §. Managers do
not observe §, nor do they get information about it. They view & ~ N(0,0%) as
an independently-drawn normal variable. T refer to ¢ as residual uncertainty, since
managers cannot possibly learn about it.'? I need this feature to keep managers with
highly accurate information from posting massive orders at the announcement date,
i.e., an equilibrium would not exist without residual uncertainty.'® Overall, residual
uncertainty accounts for a surprise at the announcement date, which entails a price
jump APr in (2).

Managers only get information about II, the other part of the stock’s fundamental
value. This information is organized as follows. Consider the crowd (1,Z, ¢) of managers
and split it into two groups I = I; U I5. Managers in the first group I; observe Il and
constitute an initial fraction 1 — wy.'* These managers are informed and are therefore
labelled by ¢ (that is, 7 = ¢). Managers in the second group I, represent the remaining
fraction wy. They do not observe II and thus need to learn about it. As learning
individuals, they are indexed by [ (that is, j = [). Managers [ assume that IT and
the initial supply 6, are independent and start with prior beliefs IT ~ N(0, 03) and

Oy ~ N(0, 20529)“ In addition, each manager [ is endowed with an initial signal about
IT:
Sl=T+¢, (3)

which I view as a working idea that managers [ have privately developed. Working
ideas are imperfect, as they contain an agent-specific error ¢/ ~ N(0, 0%).'0

Now comes the central feature of my model. From the initial date onwards, managers
[ interact through private meetings and socially refine their idea in (3) they initially
developed on their own. In particular, a manager [ builds a collection {S,Q}Zil of ideas,
where the number n! of ideas she collected increases through the vagaries of her meetings.
This meeting process constitutes a central component of my model, which I describe in

the next subsection.

12See Grundy and McNichols (1989), Hirshleifer, Subrahmanyam, and Titman (1994), He and Wang
(1995) or Manela (2011) for other references making use of residual uncertainty.

130ne can regard residual uncertainty as capturing a failure of information to completely flow
through prices, e.g., the post-earning announcement drift of Bernard and Thomas (1989). Alternatively,
0 may account for a shortfall in forecasting a firm’s default. The price of bonds or equities often drops
precipitously at or around the time of default, as in Duffie and Lando (2001).

4(1,7,1) is a nonatomic space with ¢(I) = 1, i.e. its size is 1. See Duffie (2011) for further details.
Managers ¢ represent a fraction ¢({j : jo € [1}) = 1 — wp with wg € [0, 1].

15As in He and Wang (1995), the prior variance of the noisy supply is set to its stationary level.

Y Errors are initially independent among the crowd; €* | €/, Vk # j Vj € Iy, ¢ L (BP);>0 and

¢! 1 TI. Their magnitude is controlled by managers’ precision % > 0.

2
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2.3 Modeling the Social Network of Fund Managers

Mutual fund managers interact socially in several ways. Evidence indicates that
managers keep in touch with CEOs or chairmen who were former classmates (Cohen,
Frazzini, and Malloy (2008)) and conduct conversations with other managers who operate
in the same city (Hong, Kubik, and Stein (2005)). But all types of social interactions
do not result in the same information quality. For instance, ideas exchanged on large-
access investment forums, such as Yahoo groups or Motley Fool, are presumably less
valuable than those exchanged on highly-selective on-line communities of top investors,
such as The Value Investor Club or The Alburn Village. In the same manner, direct
interactions with firm insiders and so-called “expert networks”, another example of
social interactions, deliver highly accurate information.'”

To reproduce this kind of information heterogeneity, I acknowledge that “good”
ideas do not travel all over the marketplace. Building on Stein (2008), I assume that
good ideas stay confined to a small group of managers. I also allow some managers
to acquire “perfect” information, which they do not circulate. This segmentation of
information allows better-informed managers to keep their informational advantage over
a longer time period. I use this property to highlight the impact of social interactions on
price informativeness—even if a manager gets good ideas, market efficiency eventually
offsets her informational advantage.

To formalize this idea, I adapt the “information-percolation” mechanism developed
by Duffie, Malamud, and Manso (2009). This approach to modeling word-of-mouth
communication circumvents many issues associated with alternative formulations in
the literature.'® In particular, in my model, information percolation accommodates
both Bayesian learning and learning from prices. Moreover, information percolation is

tractable and leads to strong information heterogeneity.

"Expert networks are controversial firms that link managers with firm insiders. During the trial of
one such firm, a former hedge-fund executive testified that the information provided was “absolutely
perfect”. Source: “Linking Expert Mouths with Eager Ears”, The Economist, June 16th, 2011.

18Some researchers use graph theory to model the information structure—agents are “nodes” of
a network. The resulting network is often admittedly complex and the results are sensitive to its
specification (see Ozsoylev and Walden (2011)). See Colla and Mele (2010) for a cyclical network,
Acemoglu, Bimpikis, and Ozdaglar (2010) for an endogenous network structure and DeMarzo, Vayanos,
and Zwiebel (2003) for results sensitivity regarding the network specification. Another strand of the
literature resorts to epidemiological models—agents typically progress from “susceptible” to “infected”
and back to “recovered”. Because learning is tantamount to the spread of a disease, this approach
does not accommodate Bayesian updating nor learning from prices. Additionally, generating a wide
heterogeneity among agents is challenging. See, Hong, Hong, and Ungureanu (2010) who use such
models to explain the dynamics of trading volume and Burnside, Eichenbaum, and Rebelo (2010) who
model the booms in the housing market.



2.3.1 Information Percolation and Information Segmentation

I first describe the segmentation of information and the meeting process. I then derive
the resulting distribution of information. At any date ¢, a fraction 1 — w; of managers
are perfectly informed and do not communicate. Communication exclusively takes
place among imperfectly informed managers [. The population of managers [ is further
divided into two networks: Networks A and B. Managers of Network B do not talk
to those of Network A (and vice-versa). The fraction of managers positioned within
each network is given by ¢! and ¢7, respectively. Each manager [ is initially part of
Network A. Network B arises through the meeting process, which I now present.

A manager | meets other managers at Poisson arrival times with intensity 7. When
two managers meet, they are randomly selected from the crowd. Since managers belong
to a continuum, they cannot meet more than once, nor can they individually influence
prices. Therefore, they have no incentives to lie and, as they run into each other, I
assume that they truthfully exchange their entire set of ideas.'”

This matching procedure implies that information sharing is additive-in-types. If
two managers respectively have n — m and m ideas, then they both wind up with n
ideas after they meet. Therefore, one does not need to keep track of the whole history
of their meetings and only their current number n! of ideas is relevant. Moreover, by
Gaussian theory, their set of ideas {SL}"_, can be conveniently summarized by their
average idea 5’2 = Zzl:l Sk, i.e., a single but more precise idea.

I now introduce the notion of “good” ideas. I define good ideas as those composed
of K(> 2) or more pieces of information. To prevent good ideas from traveling over
the whole network of managers, I assume that managers who gather good ideas leave
Network A and enter Network B. Managers with good ideas keep talking but only
to those of Network B, thus causing good ideas to remain localized. Furthermore,
managers of Network B can potentially hold any number of ideas between K and
infinity, which precludes a tractable solution to the model. To limit the number of
types within Network B, I assume that managers eventually become perfectly informed
after collecting a large number N (> 2K) of ideas.

Overall, managers of Network A have at least their working idea, but do not hold
good enough ideas to be part of Network B. As a result, the set of ideas exchanged
in this network is given by A = {1, ..., K — 1}. Managers of Network B only exchange

19 Agents do not attempt to hide part of their information, nor to add noise to their set of ideas.
Strategic considerations only enter in networks comprised of a finite number of agents. Heuristically,
one can think of truth-telling as follows. Kosowski, Timmermann, Wermers, and White (2006) show
that active management skills not only generate higher performance but also superior cost efficiencies.
This evidence can be combined with the result of Stein (2008)—competitors choose to share their
information if more information generates lower costs, which induces strategic complementarity.
Acemoglu, Bimpikis, and Ozdaglar (2010) show that truth-telling can be an equilibrium outcome.



FIGURE 1: CONFIGURATION OF SOCIAL DYNAMICS
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the segmentation of information.

valuable ideas, but, once they become perfectly informed, they stop communicating
with other managers and leave Network B. As a result, the set of ideas exchanged in
this network is given by B = { K, ..., N — 1}. Finally, a manager [ evolves through each
network according to a Poisson counter (N});>o; it records her number of meetings (up to
time ¢), which take place with a network-specific intensity 7, = n(¢*1 (nleA} +qP1 (nle B}
This pattern of information transmission is summarized in Figure 1.

Having described the meeting process, the goal now is to determine the resulting
distribution of information in Networks A and B. Consider first the distribution p# of
ideas within Network A. To determine how ;i behaves over time, two observations are
needed: first, Network A has its own endogenous size ¢** and, second, managers in this
network meet with intensity 7¢/*. The reason is that managers of Network A only share
information with others of their own network. I adapt Boltzmann’s equation for p# in

Duffie and Manso (2007) accordingly and highlight the result in the proposition below.

Proposition 1. Let uA(A) = ¢ ({j : j: € A}) be the cross-sectional distribution of types
in Network A where A C A. Let ¢ = Y257 1! (n) be the mass of managers in Network
A. For anyn € A, u(-) obeys

d A

&) = —nal )+ 0 S i n— mypi(m) @

m=1

with initial conditions pi(n) = §; where &, is a Dirac mass at n = 1.
Proof. See Appendix A. Q.E.D.

Meetings have two effects on the evolution of the distribution of ideas in Network A.

First, meetings cause managers to change their type, the first term in (4). Specifically,

10



if a manager holding n ideas meets someone, she ends up with n + m ideas and leaves
type n. Her new number n + m of ideas can be in either A or B. Second, by delivering
m new ideas, meetings cause managers formerly holding n — m ideas to enter type n.
The second term in (4) accounts for all the meetings that result in gathering n ideas.
Finally, consider the distribution u? of ideas in Network B. This distribution evolves

according to the dynamics that I report in Proposition 2 below.

Proposition 2. Let u?(B) = ¢ ({j : j; € B}) be the cross-sectional distribution of types
in Network B where B C B. Let ¢® = N} P (n) be the mass of managers in Network
B. For anyn € B, uP(-) obeys

d locixok—1 Zi;i, _yy pit(n = m)pgt(m)
2l () = =gl (n) oy | LD Eron e F B (5)
F1linepr,N=1]} Dom—k Hi (n —m)p (m)

with initial conditions uf(n) = 0Vn € B. The mass of managers i is then given by

l—w,=1-¢q—¢P.
Proof. See Appendix A. Q.E.D.

The distribution u? behaves similarly to g, In particular, Network B also has its
own endogenous size ¢® and managers in this network meet with intensity n¢”. In
addition, p® accommodates the migration of managers who develop good ideas, the

first term in the bracket in (5).

2.3.2 Illustration of the Social Dynamics

Figure 2 illustrates the evolution of the distribution p# of ideas in Network A. Network
A is initially populated with managers who only hold one idea. These managers
progressively become a minority as more and more managers eventually meet someone.
In turn, the size ¢* of Network A decreases over time, as successive meetings cause
some managers to gather sufficiently many ideas to enter Network B (see Figure 3).
Interestingly, Figure 3 shows that the size ¢® of Network B moves non-monotonically.
Network B is initially empty, as managers are either part of Network A or perfectly
informed. As information starts to percolate, Network B is fed with migrating managers
who no longer talk to managers of Network A. After a while, managers who collect
N ideas become perfectly informed and leave Network B (insider information does
not circulate), ultimately causing the size of Network B to fall and the fraction of
informed managers to rise. The distribution u? follows the same pattern. Figure
2 shows that p® has two parts that represent respectively migrating managers and

incumbents to Network B. The fraction of migrating managers progressively decreases

11



FIGURE 2: EVOLUTION OF CROSS-SECTIONAL DENSITIES
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Evolution of the Social Network (Part I). Figure 2 depicts the cross-sectional distribution p
of the number n; of ideas at times t = 0, 1, 2, each corresponding to a given row. The leftmost
and center columns correspond, respectively, to the distribution of ideas within Network A
(B8) and Network B (£8). The rightmost column represents the mass of managers i (%), The
social intensity is n = 3 and the switching thresholds are K = 10 and N = 30 and wy = 0.

as its source—Network A—dries up, while the fraction of incumbents first increases

and then decreases.

FIiGURE 3: EVOLUTION OF NETWORK MASSES
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Evolution of the Social Network (Part II). Figure 3 depicts the evolution of the mass ¢; of
each network from time ¢ = 0 to t = 10. The leftmost and center figures show the mass of
Network A (48) and B ({8), respectively. The rightmost figure shows the mass of managers i
( Z). The social intensity is 7 = 3 and the switching thresholds are K = 10 and N = 30.
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3 Equilibrium with Word-of-Mouth Learning

To construct the equilibrium of the economy, I use the usual guess and verify method
(e.g., He and Wang (1995)). Specifically, I first conjecture a price function, which I
use to derive the filtering process of managers (Subsection 3.1). Second, using these
filters, I solve the optimization problem of managers (Subsection 3.2). Finally, I impose
market clearing, which allows me to validate the price conjecture (Subsection 3.3).
The main result of this section is that social interactions lead to a new pattern
of information arrival that induces managers to trade more aggressively, eventually

causing prices to become more informative.

3.1 Word-of-Mouth Learning

Social interactions give rise to a novel form of learning. This subsection shows that
learning can be neatly split into what managers learn from the tape—the public
channel—and what they learn from conversations—the private channel. The pattern of
information arrival is as follows. Information extracted from the price flows tick-by-tick,
producing small and continuous updates in managers’ estimates. By contrast, private
conversations seldom take place. But upon meeting someone, managers obtain large
pieces of information, which they incorporate by updating their expectations in a

discontinuous way.

3.1.1 Price Conjecture

A common practice in the “noisy rational-expectations” literature is to conjecture a price
that is a linear function of the state variables of the economy. In my setup, these variables
include the (second part of the) fundamental I, the supply © and common expectations
II¢ = E[II| F¢). Common expectations represent econometrician’s estimates, which are

made on the basis of past prices only, i.e., Ff = o(Ps : 0 < s < 1).

Definition 1. In a linear equilibrium, the stock price function has the following form:

~

Pt — )\LtH + (1 - )\Lt)H? + )\2,t®t (6)

over [0,T), where A\1; and \yy are deterministic functions and Pr = I+ .

Linear prices in (6) have two parts. The first part, A\ Il + (1 — Al)ﬁc, represents
average market expectations about the present value of future dividends II + §.2° It

corresponds to the price that would obtain if managers were risk-neutral. Because

20Gee, for instance, Campbell and Kyle (1993) or Hong and Wang (2000) and Appendix E.
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managers are risk-averse, they need to be compensated for the aggregate risk © they
have to bear. In equilibrium, Ay turns out to be negative and the second term A0 in
(6) therefore acts as a discount on the price that increases expected stock returns.

At the announcement date, everyone discovers the fundamental value I + §. In
turn, a jump occurs in managers’ information sets to include II + ¢ as part of public
information.”! The equilibrium coefficients A\; and Ay will take this jump into account
so that the following equality Pr = II 4 § holds when the stock pays out.

The linear equilibrium of Definition 1 does not directly obtain in my setting. In par-
ticular, the combination of continuous-time trading and word-of-mouth communication
leads to intractable equilibria. Yet, in Subsection 3.2, I show that it only takes a simple

and accurate approximation of managers’ portfolio for Definition 1 to apply.

3.1.2 Filtering in the Presence of Word-of-Mouth Communication

The goal now is to determine how imperfectly informed managers [ update their
expectations about II. In particular, managers [ use their own information F} to come
up with an estimate ﬁft =F [H! ]-"tl} and a variance o; =V [H| .7-;1} at any time ¢. This
task is affected by the presence of noise traders through the supply of the stock, for
which they also need an estimate Ol = E [@t| .7-"}}

Managers [ build their information set F} on two sources of information: first, they
build a collection of ideas {S,Q}Zizl through social interactions. Second, they analyze
the history of prices (P;);>0 in an attempt to infer conversations among other managers.

Combining these two sources of information, an arbitrary manager [ observes
Fl=o((P.S):0<s<tk<nl), 0<t<T (7)

Perhaps needless to say, informed managers ¢ do not learn about II, since they

observe it. Hence, their information is summarized by
Fi=0((P,0,):0<s<t)Vo(ll), 0<t<T. (8)

Inspecting (8), one may be surprised that managers i observe the supply history (©;)>o.
But since the price in (6) is linear, managers i can readily invert the price and observe

the current realization of the supply.??

2LAt time T, the information set of an agent [ is given by F& = FL V o (Il + ). The same goes
with both Fé = F$% Vo(Il+6) and Fi = Fi V o(4). I refer the reader to Appendix E.

L
227, represents the filtration generated by (P, ©y,II) for agents ¢ and by (P, {SL}L,) for an agent
I who holds n! signals at time t. Also, since an infinite number of ideas is tantamount to perfect
knowledge of II, (8) is obtained from (7) by letting n! — oo.
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In Proposition 3 below, I show how managers [ and the econometrician (with common
information ¢) dynamically update their expectations Il and © and their variance 0. A

proof may be found in Appendix B.

Proposition 3. In a linear equilibrium, conditional expectations solve the SDEs:

] [0 o ][ s g
al 2l = ol + t)qi dBy, (9)
L of | I 0 —ae 1L Oy 90 — ﬁogkt
- il - -0 0 7 ! Lint \k . 1
B0 0 Y[E Ta] A T 4 |
| O | | 0 —ae | | O 9e — ﬁot( i ke T |
(10)
with 1
b = — (Vo das = AN, — aoday)), (11)
UG))‘Q,t

~ ~

where the processes (Bf)i>o and (B);>o are one-dimensional Brownian motions with

S~} , o

respect to Ff and F}, and Z! , = %oi (ni) denotes the jump occurring in con-
, Z/ms

ditional expectations as information S, collected from new conversations is processed.

The variances, of and ok, of the respective filters satisfy

do§ = —k2(0$)%dt, and —+ 1gm (12)

ob(nl) ~ of s

Proof. See Appendix B. Q.E.D.

The way managers update their expectations in (10) reflects the novel pattern of
information arrival associated with my model. In particular, managers’ expectations
involve a continuous part pertaining to the observation of prices and a discontinuous
part related to meetings. By contrast, common views in (9) are purely continuous. In
Figure 4 below, I illustrate this unique feature of my model by simulating the path
of a manager’s number n! of ideas (in Panel A), her variance o' (in Panel B), and her
expectations I1' (in Panel C).

Consider first the periods during which manager | does not meet anyone (the flat
parts in Panel A). In such periods, manager [ is socially inactive and therefore exclusively
extracts new information from prices. Since this kind of information flows tick-by-tick,
her views II' are smooth, as seen in Panel C. Consider now the times at which manager
[ meets someone. These episodes are identified by sudden increases of her number

of ideas (see Panel A). Each increase in n'

corresponds to new ideas collected from
a conversation. This additional information comes in large pieces, which manager [

processes in a discontinuous way. Therefore, her views jump (see Panel C). These jumps
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FIGURE 4: A SIMULATED PATH

(A) NUMBER n' OF IDEAS (B) POSTERIOR VARIANCE o! (C) FiLTERED DyNAMICS TT!
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Simulated Path of the Filter. Figure 4 plots, for an arbitrary agent [/, a simulated path of
her number n! of ideas in Panel A, her individual posterior variance o' (—) in Panel B, and
her expectations I’ (=) in Panel C. The social intensity is set to one meeting every two

months on average, n = 6.

are the result of conversations that suddenly augment her set S', = {SL}7_, of ideas.

A manager [ not only updates her views, she also becomes more precise. When
she is socially inactive, her variance o' decays deterministically according to (12). By
contrast, every random meeting (in Panel A) causes a downward jump in her variance
o' (in Panel B), reflecting a sudden increase in her precision. Meetings substantially
reduce her variance and, as she makes her way to Network B (when n! crosses K in
Panel A), her views (Panel C) become significantly less volatile. After two meetings
within Network B, she eventually gains perfect knowledge of II. As a result, o' drops to
zero (Panel B) and her expectations hit IT (Panel C).

3.2 Optimal Portfolio Strategy

Having now derived managers’ learning process, I can determine how they trade on the
basis of their ideas. I first provide an approximation that allows me to write managers’
optimal portfolios as a linear function of the supply and their informational advantage. 1
can then show that managers have two trading motives: managers simultaneously make
the market for noise traders and speculate on their informational advantage. Finally, I

show that, as social interactions intensify, managers speculate more aggressively.

3.2.1 Approximation

To keep the tractability associated with the linear equilibrium of Definition 1, I need

to approximate the optimal portfolio strategy of managers [.*> The reason is that

23 An approximation is needed due to continuous trading. It is one of the kind implemented in
Duffie, Garleanu, and Pedersen (2007). See also Appendix E.2 in Vayanos and Weill (2008).
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managers [ cannot hedge the risk related to their random meetings. In particular, they
cannot prevent their marginal utility from jumping when they meet someone. Hence,
managers’ value function jumps and the usual affine-quadratic setup does not apply to
my model, precluding a tractable solution to managers’ optimization problem.

Yet, it only takes a simple log-linearization of the jump size in managers’ value
function to recover the tractability associated with traditional models. Following Haugh,
Kogan, and Wang (2006), I verify that this approximation is accurate.” Proposition 4

below contains the resulting portfolio strategies.

Proposition 4. A fund manager | holding n. ideas at time t builds an approxvimately

optimal portfolio strategy 0' given by
0, = 0'(6]_, 11, —TIj,ny_,t) = dgy ,(n;_)©} +di ,(n}_)(TT;_ —TI) (13)

where dlAVt(nfL) and dl@i(nii) are deterministic, network-specific coefficients that depend
on the number nt of ideas held by agent l. Informed fund managers i build an optimal

portfolio strateqy 0° given by

0 = 0°(0,, 11 — 115, t) = diy ,0, + diy , (I — TI) (14)
where dly , and d, are deterministic coefficients.
Proof. See Appendix C. Q.E.D.

3.2.2 Market Making and Speculation

The portfolio of a manager [ in (13) reflects a balance between her market-making
activity, d, and her speculative activity, dy, based on her informational advantage

II' — II°. T make these two trading motives further apparent by rewriting (13) as:*°

A ~ o\ = ~
0, = do, (@t + A: (I — Hg_)) +dy, <1 - Ot> (Sh, —1I7) . (15)
> t
Market-Making Position Speculative Position

The expression for market-making in (15) carries a central insight—market making is
obscured by the inference problem managers [ face. To see this, notice that the expression

in the first bracket represents the supply as perceived by managers [. Specifically,

24 Appendix D contains a formal derivation as well as an upper bound on the approximation error.
Simulations show that the upper and lower bounds on the initial value function are of the magnitude
-0.43 and -0.41 for the range of parameters considered. This implies a relative error of less than 5%.

25See Appendix F.2 for a derivation.
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managers [ attempt to distinguish trades made by noise traders © from those made
A

by better-informed managers (reflected in (I — I1')). The reason is that, to their
mind, a change in prices has two possible interpretations. One possibility is that noise
traders’ demand varied; then, managers [ provide the required liquidity by adjusting
their market-making positions while keeping their speculative positions unchanged.
Alternatively, a price change reflects fundamental information. If so, managers [ first
readjust their speculative positions, since they probably misevaluated II. Second, they
readjust their market-making positions (through %(H — ﬁl)) so as to minimize the
chance that they end up on the wrong side of the trade. This intuition does not apply
to informed managers who can perfectly interpret price changes. Their portfolio in (14)
shows that they accommodate the supply and do not hedge against others’ trades.
The second expression in (15) shows that managers [ speculate on their set of ideas
S’Lyt. In particular, they speculate based on their relative precision with respect to
common uncertainty o¢. If a manager has few ideas, the ratio g—i is close to 1 and she
gives little weight to her ideas (and vice-versa). For informed managers, this ratio

reduces to 0 and they fully exploit their informational advantage, IT — IIe.

3.2.3 Aggressive Speculation

Social interactions, by increasing the average precision in the market, cause managers
W (m)ds () e
speculative trading for the average manager in each group j = A, B. Figure 5 below

to speculate more aggressively. To show this, I plot the intensity d A =3,

depicts speculative intensities, as functions of time and the intensity of meetings 7.
To plot this figure, I anticipate the equilibrium behavior of prices, which will only be
available when I impose market clearing (Subsection 3.3).

When social interactions are moderate (the dotted line in Panels A, B and C),
speculative activity monotonically decreases until the announcement date. This pattern
is typically associated with residual uncertainty (e.g., He and Wang (1995)). Managers
are unwilling to speculate on residual uncertainty since they cannot learn about it.

Yet, as social interactions intensify, the speculative activity of managers [ initially
increases and keeps increasing over a long time period before it eventually decreases
(see Panels A and B). This steep increase reflects managers’ aggressive speculation.
Speculation becomes more aggressive for two reasons. First, intense social interactions
cause managers [ to collect a larger number of ideas and, therefore, to become more
precise. Second, intense social interactions cause managers [ to rush to speculate before
informed managers arrive. Instead, informed managers intensely speculate immediately
after the initial date, taking their profits when information asymmetry is the strongest.

They sharply reduce their speculative activity as the average precision rises (Panel C).
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FIGURE 5: INTENSITY OF SPECULATIVE TRADING
(A) SPECULATION IN NETWORK A (B) SPECULATION IN NETWORK B (C) SPECULATION OF MANAGERS i
T 20F T = T

0 02 04 06 08 T 0 02 04 06 08 T 0 02 04 06 08 T
Time Time Time
Speculative Intensities and Social Interactions. Figure 5 plots speculative intensities da
for the average manager in Network A and Network B and for manager 4, in Panels A, B and
C, respectively. Each is plotted as a function of time, for a social interaction of one meeting
twice per year (--=:+), one meeting every quarter (----) and one meeting every two months

(—). The calibration is reported in Table 1.

3.3 Equilibrium

The price function in Definition 1 is a conjecture that I now need to validate by imposing
market clearing. This last step allows me to solve the fixed-point problem associated
with my model and obtain the equilibrium dynamics for the coefficients A\; and A.
I do so in Proposition 5 below. I then show that social interactions increase price

informativeness. Finally, I discuss the numerical implementation of the equilibrium.

Proposition 5. Given the optimal portfolio strategies in (13) and (14), the stock price
has the linear form in (6) where the equilibrium price coefficients A1 and Ay satisfy the
differential equations in (72) and (73) with boundary conditions in (74) and (75).

Proof. See Appendix E. Q.E.D.

3.3.1 Price Informativeness

Social interactions cause prices to become more informative. There are two ways to
see this. First, increased price informativeness is directly implied by the behavior of
the price coefficients A\; and Ay (plotted in Panels A and B of Figure 6, as functions of
time and social interactions 7). The weight A tilts average market expectations either
towards common expectations I or towards the actual II. In an economy without
social interactions (n = 0), Panel A shows that average market expectations are strongly
biased towards common expectations, i.e., prices reveal little information about II. As
social interactions intensify (n > 0), prices convey more information so that market

learning significantly improves, and average market expectations shift closer to II.
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The compensation for risk, Ao, plotted in Panel B, conveys a similar intuition. The
evolution of Ay is the result of two opposite forces. On the one hand, the more fiercely
managers speculate, the larger is the risk to be taken advantage of by better-informed
managers: the compensation for risk |Ao| rises. On the other hand, the more fiercely
managers speculate, the more information is revealed through prices: the compensation
for risk falls. Social interactions cause the latter effect to initially dominate (see Panel

B). Yet, the risk associated with residual uncertainty gives rise to an increase in |Aq|

around 7.
FIGURE 6: PRICE COEFFICIENTS AND PRICE INFORMATIVENESS
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Price Coefficients, Price Informativeness and Common Uncertainty. Figure 6 plots the
evolution of the price coefficients A1 and Ag in Panels A and B, respectively, common
uncertainty o in Panel C, and the speed k of information propagation through prices in Panel
D. Each is plotted for the cases of no social interaction (=:=+), a social interaction of two
meetings per year (-« ), one meeting per quarter (---) and one meeting every two months

(—). The calibration is reported in Table 1.

Another way to apprehend increased informativeness is through the evolution of
common uncertainty o°. Common uncertainty measures the remaining uncertainty
regarding IT given the history of prices. The evolution of common uncertainty in (12) is

driven by a key variable, k. One can view k in (11) as controlling the speed at which
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information is revealed through prices. To see this, notice that (11) may be rewritten as

1 [fd [ Ay A1t
kyk=—|— = +ag—=] .
" oo <dt <A2,t © N
The ratio i—; captures the price’s sensitivity to information and therefore its informa-
dn
) dt Ao
over time. Since, in my model, increased price informativeness is the result of increased

tiveness. As a result measures the speed at which price informativeness increases
speculative aggressiveness, the evolution of |k| (Panel D) follows the same pattern as
that of speculative intensities (Figure 5). Specifically, Panel D shows that social interac-
tions vastly increase price informativeness, particularly around the initial date, precisely
when managers speculate the most aggressively. By increasing price informativeness at
great speed, social interactions cause market learning to rapidly improve and common

uncertainty (Panel C) to be reduced substantially.

3.3.2 Equilibrium Implementation and Calibration

Propositions 3, 4 and 5 jointly define a system of equations whose boundary condi-
tions depend on the terminal level 0f. of common uncertainty. Since of. is itself an
endogenous coefficient, I need to guess a value for 0f. and then shoot towards the

%6 Depending on the meeting intensity 1 and the magnitude

initial condition of = 0.
of residual uncertainty os, up to three equilibria are obtained for a certain range of the
parameter space.’” One of these equilibria may be immediately discarded, though. It
is an equilibrium in which the volatility of prices is constantly null and the price thus
fully reveals II, i.e., managers do not trade.?

The other equilibria originate from the interaction between common uncertainty o°
and price informativeness k in (11). By increasing |k|, social interactions cause both
0° (in Panel C of Figure 6) to decrease substantially through (12) and speculation to
become more aggressive. Increased speculative aggressiveness further increases |k| and
this feedback eventually gives rise to two equilibria. In one equilibrium, prices are

highly informative and speculation is aggressive, while in the other equilibrium, the

26Since both boundary conditions in (74) and (75) depend on 0% which is unknown, a shooting
procedure is needed. The system of equations may be solved using a standard finite-difference scheme
such as Runge-Kutta. For instance, the NDSOLVE function of MATHEMATICA proves to work well
with the STIFFNESSSWITCHING option. To alleviate the numerical procedure, it is convenient to make
the system of equations in (47), (72) and (73) explicit. Appendix E shows how to proceed.

2TResidual uncertainty is often a cause of equilibrium multiplicity: Grundy and McNichols (1989)
show that multiplicity obtains in their setting if residual uncertainty lies within a certain range. In
particular, Hirshleifer, Subrahmanyam, and Titman (1994) obtain four equilibria. He and Wang (1995)
further argue that multiplicity may not arise if ag is sufficiently large.

281 show this at the end of Appendix E.
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opposite happens.”’ Following this intuition and Grundy and McNichols (1989), these
A
A2
I base the equilibrium selection on a well-established fact: the empirical literature

equilibria may be ranked according to

widely documents the superior performance of aggressive growth funds. For instance,
Barras, Scaillet, and Wermers (2010) find that aggressive growth funds have the highest
proportion of skilled managers.?’ Hence, I pick the equilibrium in which speculation
is the most aggressive, i.e., that in which the average speculative activity da is the
highest.?! For this equilibrium to obtain and managers to trade aggressively, residual
uncertainty needs to be sufficiently low. For this reason, I set o5 below that used in He
and Wang (1995) (see Table 1).

Description Symbol | Value
Time Horizon T 1
Volatility of Residual Uncertainty o) 1/6
Initial Proportion of Informed Managers | 1 — wy 0
Risk Aversion v 0.5
Supply Mean-Reversion ae 0.2
Supply Volatility oo 2.5
Volatility of Dividend II on 0.6
Volatility of the Signal Os V2
Perfect Knowledge Threshold N 12
Good Ideas Stay Local Threshold K 5

TABLE 1: Benchmark Calibration
This calibration is adapted from Campbell and Kyle (1993), Wang (1993) and He and Wang (1995)
and is chosen to be consistent with empirical estimates (see Appendix G).

I consider an horizon date of one year, a relatively short-term horizon. I let the
initial fraction wq of fund managers [ be 1 so that every manager is initially located in
Network A. Hence, managers start with one idea and become heterogeneously informed
as soon as they start to interact.

Managers’ absolute risk aversion is set below 1 to reflect the fairly high risk tolerance
of institutional investors. The remainder of the calibration is adapted from Campbell
and Kyle (1993), Wang (1993) and He and Wang (1995) and is chosen to be consistent

with empirical estimates (see Appendix G).

29This may be illustrated by means of a phase diagram.

30Daniel, Grinblatt, Titman, and Wermers (1997) find that aggressive growth funds feature significant
stock-picking skills. Hendricks, Patel, and Zeckhauser (1993) report that the performance of growth-
oriented funds persists over a one-year evaluation horizon. Kosowski, Timmermann, Wermers, and
White (2006) conclude that outperformance by aggressive growth funds is not an artifact of luck.

31 See Banerjee (2010) who describes multiple equilibria often referring to high and low volatility
equilibria. The author argues that these equilibria have both desirable theoretical and empirical
properties. See also Spiegel (1998) and Watanabe (2008).
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4 Market Timing and Performance

Can mutual fund managers time the market ? This question has been under intense
empirical investigation at least since Treynor and Mazuy (1966) and Henriksson and
Merton (1981). These early studies develop linear regression models of the CAPM-type
including an additional convex term reflecting timing skills. Doing so, they conclude in
favor of the Efficient Market Hypothesis (see also Henriksson (1984)). These studies have
largely contributed to the view that managers do not exhibit timing skills. Subsequent
works have attempted to refine these early models by addressing certain practical issues,
causing timing abilities to look somewhat better.*?

The empirical literature has been equally inconclusive as to the performance of
managers. A host of empirical studies, starting with Jensen (1968) and later followed by
Carhart (1997), find that most mutual funds fail to outperform, and often underperform,
passive benchmarks, even before transactions costs.** In general, the empirical consensus
is that performance does not persist, except for a small group of funds (e.g., aggressive-
growth funds) whose performance is, however, relatively short-lived.**

This section shows that my model can rationalize why timing skills seem to be
weak and performance not to be persistent. Social interactions cause most managers to
eventually implement passive investment strategies. As a result, the traditional measure
of performance—the alpha generated over a passive benchmark—rapidly becomes

negative, even for managers with good ideas.

4.1 Market-Timing

This subsection demonstrates that social interactions weaken managers’ timing ability.
In particular, social interactions increase price informativeness and thereby cause timing

to be short-lived. If a manager ever had good ideas, sooner or later the market catches

32Time-varying betas have been introduced (Ferson and Schadt (1996)), the dichotomy between the
rebalancing and observation frequency of holdings has been accounted for (Goetzmann, Ingersoll, and
Ivkovic (2000)), non-parametric approaches have been proposed (Kosowski, Timmermann, Wermers,
and White (2006)), while another strand of the literature has focussed on portfolio holdings (Daniel,
Grinblatt, Titman, and Wermers (1997)). See also Ferson and Khang (2002), Barras, Scaillet, and
Wermers (2010), Wermers (2000) and Kacperczyk, Sialm, and Zheng (2005).

33See also Malkiel (1995) and Gruber (1996). In contrast, alternative investigations (e.g., Grinblatt
and Titman (1992) and Hendricks, Patel, and Zeckhauser (1993)) conclude that outperformance may
persist but do not account for trading costs.

34Timing ability and performance are hardly identifiable at a monthly frequency, except perhaps for
a small subset of top performing funds. Recognizing that the observation frequency of returns affects
inferences regarding timing and performance, Bollen and Busse (2005) show that performance becomes
strikingly more apparent at a higher frequency. Chance and Hemler (2001) and Bollen (2001) further
demonstrate that timing ability reveals itself in daily tests but vanishes monthly. Other empirical
evidence includes Hendricks, Patel, and Zeckhauser (1993) who describe the "hot-hand" phenomenon
in the mutual fund industry and Graham and Harvey (1996) who consider newsletters data.
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up with her. Timing ability only persists for managers with highly accurate information.

To gauge managers’ timing ability, empiricists run performance regressions on total
returns. These regressions typically augment the CAPM with additional terms that
purport to pin down the ability of managers. Admati and Ross (1985), among others,
study the relevant performance-regression structure in a theoretical context and list
various pitfalls related to such regressions.*” Adopting their approach, my goal here is
to determine which additional factor should be added to the CAPM to identify timing
ability in my model.

To make the relevant regression structure apparent, it is convenient to focus on the
myopic part of managers’ portfolio in (13), which I denote by @t = %}%. Adding
the hedging part of individual demands does not change the structure, but makes

computations less transparent. The return R on manager [’s myopic portfolio writes

~ - k ! 1 ~
dR! :=0ldP, = BdP, +——r—— <1 — Ot> (P, =TI — X\p40;)dP; (16)

of ) Ay
Market Returns v Var[d]Dt]

k !
TR — (1 - Of) eldP,

vy/var[d P O

Noise Relative to Market Information

Timing Payoff

where 5, = Wéfr’[‘dqg] represents the market price of risk under common perceptions.

A fund’s returns have three components: market returns, a timing factor measuring
the additional performance a manager contributes based on her ideas, and a third term
that the econometrician treats as noise. Equation (16) contains two key elements. First,
the timing factor is proportional to 1 — ;’—i, a term that relates to the market learning
process. Specifically, as social interactions intensify, market learning significantly
improves and common uncertainty o¢ is greatly reduced. In turn, g—i gets closer to 1,
which progressively erodes a manager’s ability to time the market. Second, the timing
factor is a function of PdP = M. The quadratic term d(P) in the timing factor
originates from managers’ informational advantage. In particular, the excess returns
generated by managers i over market returns (6" — 6¢)dP depend on the square of their
informational advantage, II — [I°. The quadratic-returns component d(P) precisely
captures this informational advantage as the stock price is itself a function of II — IIe.
Since timing is quadratic in stock returns, a regression similar to that of Treynor and

Mazuy (1966) endogenously arises as a criterion to evaluate timing.

35See also Dybvig and Ross (1985) and Admati, Bhattacharya, Pfleiderer, and Ross (1986). Recently,
Detemple and Rindisbacher (2012) show that a structural approach accounting for the nature of private
information yields additional robustness.
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Noise traders act randomly. Therefore, they are “sitting ducks” for managers and
one should not give credit to a manager for making money on noise traders. For this
reason, I do not run the Treynor and Mazuy (1966) regression over manager’s total
returns. Instead, I isolate returns R managers solely generate based on fundamental
information. From now on, I consider a manager’s informational holdings 6=0—deO.
Informational holdings contain managers’ hedging demand (not only the myopic part),
but do not include the fraction they contribute to the supply. Informational holdings
are therefore exclusively related to managers’ information. Finally, I run the Treynor
and Mazuy (1966) regression over a rolling window, thus causing its coefficients to vary
over time as in Ferson and Schadt (1996):

Ry = o} + BIAP + (AP +6, A<t<T-A (17)

To evaluate managers’ timing ability, I run the regression in (17) over managers’

simulated returns.*® To focus the analysis on a restricted number of managers, I plot the

results for the average manager in each group (i.e., the average timing factor 3, & ]qj") 2,
j = A, B) in Figure 7 below. The market coefficient 5 and the intercept « of (17) are

statistically insignificant and are therefore omitted.

FIGURE 7: TIMING COEFFICIENT
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Treynor and Mazuy (1966) Regression and Timing. Figure 7 plots the loading on market
timing of the regression in (17) over a one-month A rolling window for an interaction intensity
of one meeting twice per year (-++=+), one meeting every quarter (----) and one meeting every
two months (—). Panels A, B and C respectively correspond to the average manager in

Network A, in Network B, and managers ¢. The calibration is reported in Table 1.

When the intensity of interpersonal communications is low (the dotted lines), timing

abilities across networks are as expected. Managers in Network A (Panel A) are unable

36] simulate portfolios for each agents type using the formulae of Appendix F.2. Then, I compute
the cross-sectional average using the population dynamics.
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to time the market, while managers in Network B and informed managers come out
as successful market timers (Panels B and C). Importantly, for the latter managers,
timing ability is long-lived.

As social interactions intensify, this result is partly reversed. While managers in
Network A and informed managers respectively worsen and improve their timing ability,
managers in Network B become progressively unable to time the market—timing
vanishes (see Panel B). For an intensity of one meeting every two months (the solid
lines), it becomes rapidly impossible to tell apart managers from Networks A and B.
This result is surprising since social dynamics cluster good ideas in Network B and
thereby allow managers to preserve their informational advantage over a longer time
period. But the market learns at great speed, which progressively impairs their timing
ability through the term 1 — g—i appearing in (16). That is, by improving the market
learning process, social interactions prevent managers of Network B from keeping their
informational advantage, despite good ideas staying localized. Only informed managers

whose views are unaffected by the market remain successful market timers.

4.2 Performance

Social interactions cause market timing to be short-lived for most managers. I shall now
show that social interactions carry similar implications regarding performance. Specif-
ically, social interactions operate on price informativeness to produce non-persistent
performance. In addition, only a small group of funds appear to be top perform-
ers, consistent with empirical findings. The underlying mechanism—word-of-mouth
communication—contrasts with alternative explanations, which are either based on the
structure of the mutual fund industry (Berk and Green (2004)), on career concerns
(Chevalier and Ellison (1999b)) or possibly on market volatility. In particular, unlike
Berk and Green (2004) whose mechanism relies on the competitive provision of funds
by investors, the mechanism I highlight ignores flows into and out of the fund.

Importantly, even though managers with good ideas accumulate large trading gains,
their performance, as measured by their alpha, does not persist. The reason is that
social interactions cause most managers—even those with good ideas—to implement
passive investment strategies for which they should not be rewarded. As a result, not
only does performance become non-persistent, but it also becomes literally impossible to
distinguish managers with good ideas from those with inferior ideas. Only exceptionally
good ideas allow a manager to consistently generate abnormal returns.

It is insightful to first consider the dollar value managers create. In my model, funds
neither pay out their income nor their capital gains and, therefore, the dollar value

managers generate coincides with the fund’s net asset value (NAV). To compute funds’
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expected NAV, E| f(f gsdPs], I assume that each fund starts with an initial wealth equal
to zero and then evaluate how much (expected) value is added by the average fund in
each group.®” I plot the expected fund’s NAV in Figure 8 below as a function of time

and the intensity of meetings 7.

FIGURE 8: NET ASSET VALUE (NAV)
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NAYV and Social Interactions. Figure 8 plots a fund’s NAV as a function of time for the
average manager in Network A (Panel A), in Network B (Panel B) and manager ¢ (Panel C).
Each is plotted for an interaction of one meeting twice per year (-=::+), one meeting every

quarter (---+) and one meeting every two months (—). Table 1 reports the calibration.

Based on funds’ NAV, managers’ performance is as expected. Panel A shows that
managers in Network A make some modest profits (on momentum; see below), but
end up destroying value. Managers in Network B make significantly more money (see
Panel B), while informed managers sharply come out as top performers (see Panel
C). Moreover, a fund’s NAV has three important properties. First, the average dollar
value generated by informed managers and managers in Network B is increasing in the
intensity of social interactions. The reason is that managers speculate more aggressively
as social interactions intensify. This aggressive speculation creates large spreads in
dollar value across networks. Second, the ranking of managers is robust to the intensity
of social interactions. Finally, for managers with superior information, performance
measured in trading gains is persistent (Panels B and C).

Although trading gains appear to provide an intuitive measure of performance, such
a measure is misleading because it does not penalize managers for implementing passive
strategies. I shall now show that, controlling for passive investment strategies, social
interactions cause performance not to persist and to rapidly converge across networks.

To evaluate performance, empiricists usually choose a passive benchmark, over which

abnormal returns added by a manager are computed. The benchmark collects returns

37In practice, one may recoup a fund’s dollar value by adding back past dividends to the fund’s
NAV. A similar exercise is conducted in Bollen and Busse (2005), for instance.
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on passive strategies for which empiricists deem managers should not be rewarded. In
my model, two passive strategies are relevant to consider. First, as (16) indicates, one
should not reward a manager for buying the market portfolio, since this strategy only
requires the observation of the tape. Second, one should not reward a manager for
pursuing a momentum strategy. Here, I anticipate the results of Sections 5 and 6, namely
that social interactions produce momentum in stock returns and cause lesser-informed
managers to implement momentum strategies; accordingly, I consider a benchmark
regression that includes market returns and the (times-series) momentum factor of
Moskowitz, Ooi, and Pedersen (2011):
Rl = ol + BIAP, + Slsign(AP,_a)AP, + b, A<t<T-A. (18)
The regression in (18) is essentially the Carhart (1997) risk-factor model without
Fama and French (1995) factors (there is only one stock in my model). Most empirical
studies use this benchmark. I plot alpha in Figure 9 below, as a function of time and

the meeting intensity 7.

FIGURE 9: ALPHA
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Benchmark Regression, Alpha and Momentum. Figure 9 plots alpha and the momentum
loading in the benchmark regression in (18) over a one-month A rolling window for an
interaction of one meeting twice per year (-:-:+), one meeting every quarter (-----) and one
meeting every two months (—). Each column corresponds to, respectively, the average

manager in Network A, in Network B, and manager i. The calibration is reported in Table 1.
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As long as social interactions are moderate (the dotted lines), managers can be
accurately ranked based on their alpha. Managers in Network A rapidly destroy value,
while managers in Network B and informed managers persistently create value. Their
performance eventually becomes insignificant due to residual uncertainty.

As social interactions intensify, the picture becomes hazier. First, performance
becomes dramatically non-persistent expect for a small fraction of the population,
consistent with empirical findings. As seen from Panel B, managers of Network B do
not maintain their performance. Their performance ceases to persist a long time ahead
of the announcement date, which indicates that this phenomenon is exclusively driven
by social interactions. Not only does their performance become non-persistent, but
their alpha becomes negative. This implies that social interactions cause managers
of Network B to eventually implement passive investment strategies (see Section 6).
Overall, performance only persists for a small group of managers (informed managers),
as apparent from the zoom on Panel C (see the picture located below Panel C).

Second, performance converges across networks so that it becomes difficult to tell
managers apart. This is particularly striking when comparing the performance of
managers in Networks A and B. For a large meeting intensity (the solid lines), the
picture located below Panels A and B shows that it becomes literally impossible to
distinguish managers in Network A from those in Network B, despite the large spread
in trading gains across the two networks. While managers of Network B consistently
accumulate trading gains (Panel B of Figure 8), they progressively implement passive
investment strategies for which they should not be rewarded. As a result, managers of
Network B eventually align with those of Network A. Only informed managers remain
able to generate returns in excess of the passive benchmark.

I conclude this section with a comment on the implications of momentum for
performance (momentum itself is the subject of the next section). Some empirical
studies argue that managers’ performance strongly relates to momentum. For instance,
Carhart (1997) finds that the “hot hands” phenomenon of Hendricks, Patel, and
Zeckhauser (1993) is driven by the one-year momentum effect.*®

In light of my model, however, this conclusion may have to be reexamined. In the
colorful words of Cohen, Coval, and Péstor (2005), “it seems hard to arque that sitting
on one’s laurels and doing nothing is a managerial skill that should be given credit”. In
particular, for managers of Network A, alpha is always negative, which indicates that
their initial trading gains are made on momentum (and penalized by the benchmark);

then, Panel A of Figure 8 clearly demonstrates that momentum profits are significantly

38Grinblatt, Titman, and Wermers (1995) and Wermers (1999) conclude that funds that invest on
momentum are more likely perform. Brown and Goetzmann (1995) report that performance persistence
is mostly accounted for by funds that repeatedly lag the S&P500 or a passive benchmark.
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lower than the profits made on fundamental information (Panels B and C).

5 Momentum in Stock Returns

In the previous section, I consider momentum as a factor to be added to a benchmark
regression, yet not eliciting the reason for its presence; this is the task of this section.
Identifying momentum in a theoretical, rational context is fundamental in many respects.
First, momentum is one of the most pervasive facts in Financial Economics.?” Second,
well-accepted explanations for momentum are mostly behavorial.*’ In contrast, momen-
tum arises here as a rational phenomenon driven by social interactions, consistent with
the empirical finding of Hong, Lim, and Stein (2000). Third, mutual fund managers
are likely to play an important role in the momentum mechanism (Wermers (1999)).
Moreover, momentum provides managers with an opportunity to make profits. For
instance, Avramov and Wermers (2006) find that returns predictability is an essential
determinant of managers’ performance. Finally, the statistical properties of stock
returns are central, as empiricists use returns to compute conditional expectations of
managers’ performance. Doing so, Ferson and Schadt (1996) show that usual measures
of managers’ performance are substantially improved.

It usually takes very specific assumptions for returns to feature momentum in a noisy
rational-expectations equilibrium (REE): ¢) in the context of Wang (1993), momentum
mechanically arises if the supply is extremely persistent. ) In a REE d la Wang (1993)
with a finite horizon, Holden and Subrahmanyam (2002) show that momentum obtains
if the mass of informed agents—managers ¢ in my model—is sufficiently large. i) In
a REE d la He and Wang (1995), Cespa and Vives (2012) demonstrate that returns
exhibit momentum if the average precision across agents shows sufficient improvement
over time. While assumptions 7i) and 7ii) are admittedly somewhat ad-hoc, they happen
to be endogenous implications of social dynamics in my model. Specifically, social
interactions endogenously drive the mass of managers ¢, 1 —w;, and the average precision
Jie ;(01)7'du(jy) over time, thus addressing ii) and #ii). Social interactions therefore
generate momentum in stock returns and reaffirm the role of information as a main
driver of serial correlation, as I shall now show.

To understand how social interactions produce momentum, it is first necessary to

recall how prices are formed. The discussion of Subsection 3.1 implies that the price

39See Poterba and Summers (1988), Jegadeesh and Titman (1993), Rouwenhorst (1998), Menzly
and Ozbas (2010) and Moskowitz, Ooi, and Pedersen (2011), among others.
40Gee Daniel, Hirshleifer, and Subrahmanyam (1998) or Barberis, Shleifer, and Vishny (1998).
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has the form

P = [ B+ 6l F ) e 19)
Jtel

Compensation for Risk

Average Market Expectations about the Fundamental

where the first and the second term represent respectively the contribution of information
and risk to prices.*!

To illustrate how information and risk operate on prices, I consider the following
two cases. First, let social interactions be intense, i.e., n — o0; then, every manager
instantaneously becomes informed as soon as ¢t > 0 and the price in (19) reduces to
P, =TI+ X2,0,. That is, the price has no informational content.”” As a result, price
variations are solely driven by supply shocks and the serial correlation over a time
period A writes cov(AP_a, AP;) = (Aat+a — Aat)/ (Aot — Aas—a). Hence, unless the
compensation for risk Ay evolves in a strong non-monotonic fashion, prices are strongly
positively autocorrelated and the sign of the serial correlation is determined by the
compensation for risk in an almost mechanical manner.

Second, let the economy be absent of social interactions, i.e., n — 0. This case
nests the setting of He and Wang (1995), except for allowing trading to be continuous.
Serial correlation is computed over a one-month period A, as usually done in empirical
studies, and is depicted in Panel A of Figure 10 below.” The contribution of risk (the
dotted line) is positive, reminiscent of the perfect-information case just discussed, while
the contribution of information (the dashed line) is essentially insignificant. In spite
of this, returns are weakly negatively autocorrelated (the solid line). This negative
correlation is due to the interaction between the respective contributions of information
and risk to prices (the dashed-dotted line). The reason is that average market beliefs
and the compensation for risk are inversely related: if the informational content of prices
rises (\; increases), the compensation for risk || has to decrease due to the weaker
information asymmetry. Similar to the perfect-information case, the informational
content of prices does not play a direct role. Consequently, as often happens in a REE
(e.g., Wang (1993)), returns exhibit reversal.

Introducing a moderate meeting intensity of one meeting twice per year (n = 2 in
Panel B) leads both risk and information to contribute an equal and positive fraction to
returns autocorrelation. Yet, the interaction thereof still dominates and even magnifies
stock returns reversal. The economic mechanism previously highlighted bites all the

same. As a positive shock in the supply occurs, prices experience a decrease (through

41See Appendix E.
42Tn this case, A2 has a closed-form solution: Aap = —

43See Appendix F.1.
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the compensation for risk Ay < 0), which generates low current returns. Since social
interactions are moderate and the proportion of well-informed managers is low, managers
attribute the shock to noise trading and therefore consider it transitory. They hold on

to their speculative positions, thereby inducing stock returns to reverse.

FIGURE 10: SERIAL CORRELATION IN RETURNS AND SOCIAL INTERACTIONS
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Serial Correlation in Returns. Figure 10 plots serial correlation (=) in returns over a
one-month period A for the cases of no social interaction (Panel A), of a meeting twice per
year (Panel B), one meeting every quarter (Panel C) and one meeting every two months
(Panel D). Each is decomposed into the contribution of average market expectations (-=--), of

risk (------) and of the interaction between both (-:-::). Table 1 reports the calibration.

Further increasing the meeting intensity allows one to overturn this mechanism. The
individual contribution of information and risk eventually overbalances that of their
interaction and a first phase of momentum emerges (Panel C). Because social interactions
produce an increasing fraction of well-informed agents (point i) above), managers
become increasingly concerned that price changes may be information-driven. Moreover,
the way in which private information flows—through word-of-mouth communication—
induces a steady increase in managers’ average precision over time (point i) above)
and further causes prices to reveal more information. Now, suppose that prices increase.
Since managers [ start to attribute price changes to a misevaluation of II, they tend to
buy shares as they probably underestimated II. By buying additional shares, managers

push prices further up, which eventually leads to stock returns momentum. When social
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interactions are intense (Panel D), momentum can be as high as 8% monthly. Clearly,
momentum follows from the diffusion of information through prices.

This initial phase of momentum does not carry all the way to T, though, as apparent
from Panels C and D. The negative relation between information and risk is still at play
and eventually gives rise to a late phase of reversal, although rather weak. Reversal is
due to both the decrease in the informational content of prices (Panel D of Figure 6)
and the surge in the compensation for risk resulting from the pending revelation of 6.

Both phenomena are consistent with well-known facts—the first phase of momentum
corresponds to the early returns continuation documented by Jegadeesh and Titman
(1993), and the second phase of reversal is in line with the late over-reaction evidence
of De Bondt and Thaler (1985).

While the mechanism highlighted here builds on Andrei and Cujean (2011), the idea
that social interactions drive momentum is already present in Hong and Stein (1999),
yet it relies on a behavioral model. Furthermore, rational explanations for momentum
are often based on risk, as in Berk, Green, and Naik (1999) or in Johnson (2002).*
Importantly, I show that momentum is not the sole result of risk, but that it centrally

depends on the diffusion of information through private conversations.

6 Momentum and Contrarian Strategies

Mounting evidence suggests that social interactions influence managers’ portfolio deci-
sions. In a survey conducted by Shiller and Pound (1989), 44% of institutional investors
recognize that interpersonal communications impact their portfolio choice. In particular,
fund managers’ holdings are strongly related to those of managers operating in the
same city (Hong, Kubik, and Stein (2005)).*> Moreover, managers bias their portfolio
towards firms to which they are connected through an educational network (Cohen,
Frazzini, and Malloy (2008)). Similar evidence carries over to individual investors.""
In my model, interpersonal communications cause lesser-informed managers to follow
the trend and better-informed managers to be contrarians. Yet, perhaps surprisingly,

even good ideas may not keep managers from eventually aligning with the market

448ee Vayanos and Woolley (2010) for an alternative mechanism.

45In that respect, large cities appear to be particularly suited places for word-of-mouth communi-
cation, for it is where leading mutual fund families concentrate. Large cities are further reported by
Christoffersen and Sarkissian (2009) to convey knowledge spillovers and to guide learning.

46Hong, Kubik, and Stein (2004) documents that investors find the market more attractive when
more of their peers participate. Brown, Ivkovic, Smith, and Weisbenner (2008) uncover a strong causal
relation between an individual’s decision whether to own stocks and the average ownership of her
community. See also Shive (2010). Massa and Simonov (2011) show that college-based interactions
influence portfolio decisions. Other evidence includes Grinblatt and Keloharju (2001) or Ivkovic and
Weisbenner (2005).
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consensus. I show that these trading patterns relate to the way in which managers bet

on price convergence towards its fundamental value.

6.1 Aligning with the Market Consensus

Informational holdings—yportfolios ignoring managers’ market-making activity—are not
observed by the econometrician. Therefore, they need to be conditioned on publicly
available information, namely prices. I follow Brennan and Cao (1996) and regress
informational portfolio changes Af' on price changes AP over a time period A, i.e.,
E[AGAP] = cov(Af', AP)/var(AP)AP.*" Although holdings are usually available
quarterly, I consider a monthly window to remain consistent with the previous sections.

I plot the trading measure, cov(AGAP), in Figure 11 below, as a function of time
and social interactions intensity 7. A first observation, and an important result, is
that managers of Network A are strong momentum traders. As apparent in Panel
A, cov(AgA, AP) is positive, which implies that managers of Network A tend to buy
shares after price increases (and vice-versa). Intuitively, managers of Network A hold
few ideas and thus rely more on public information. Because price changes partially
reveal better-informed managers’ information, all the more so when social interactions
are intense, managers of Network A tend to intensify their positive-feedback strategy.

Unlike managers of Network A, informed managers can perfectly interpet price
changes. If managers ¢ observe a price change triggered by noise traders, they know it
simply represents an inappropriate move. If managers ¢ observe a price change driven
by the market, they know it merely reflects an imperfect adjustment towards the stock’s
actual value, part of which, II, managers ¢ know. Hence, one should expect managers ¢
to systematically trade against the market. Panel C shows that cov(Af'|AP) is negative
and managers 7 indeed come out as contrarian investors—they buy shares after price
decreases (and vice-versa). If conversations often take place, they fiercely bet against
the market to exploit their information before the market digests it.

Better-informed managers are contrarians while lesser-informed managers follow the
trend. This result is similar to that of Brennan and Cao (1996) who show that it relates
to agents’ precision. An important difference is that, in my model, managers’ precision
is endogenized through their number of ideas (see Subsection 3.1).* Moreover, for the
range of meeting intensities considered, momentum traders represent a vast majority of
the population, a result supported by Grinblatt, Titman, and Wermers (1995) who find
that 77% of managers in their sample implement momentum strategies.

That informed managers pursue contrarian strategies is consistent with the empirical

47The derivation is provided in Appendix F.2.
48See also Colla and Mele (2010) and Watanabe (2008).
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FIGURE 11: TRADING BEHAVIOR
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Trading Behavior and Social Interactions. Figure 11 plots the contemporaneous correlation
of portfolio and price changes over a one-month period A for the average manager in Network
A (Panel A), in Network B (Panel B) and manager i (Panel C). Each is plotted as a function
of time, for a social interaction of one meeting twice per year (-::+), one meeting every quarter

(--=-') and one meeting every two months (—). The calibration is reported in Table 1.

finding of Coval and Moskowitz (2001), who document a strong inverse relationship
between herding activity and geographic proximity, in line with a local informational
advantage. Fund managers break away from the herd in their local investments and
“free-ride” on others’ information by herding on distant investments. Feng and Seasholes
(2004) reach similar conclusions regarding individual investors.*’

The trading behavior of managers in Network B offers another intriguing result.
One would expect managers of Network B, who have access to privileged information,
to behave at least similarly to informed managers. But Panel B shows that this
conjecture may not always be verified. As long as the market is at an early stage of
learning, managers of Network B have sufficiently many ideas to behave like contrarians.
Nevertheless, if managers entertain more than two meetings per year on average (n > 2),
COV(A§B|AP) switches sign and they eventually align with the market consensus. This
result illustrates the strong impact of social interactions on trading. Specifically, word-
of-mouth communication causes market learning to improve at great speed so that even
good ideas cannot keep a manager from eventually following the trend. This tendency

to rally to the market consensus is consistent with Wermers (1999).

6.2 Betting on Price Convergence

I now provide the mechanism driving the momentum and contrarian strategies previously

described. These strategies hinge upon the way in which managers bet on price

49That informed managers i’s strategy weakly relies on public information is consistent with the
empirical conclusions of Kacperczyk and Seru (2007).
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convergence; this becomes apparent if one rewrites managers’ portfolio in (15) as™

4 A
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where ¢l = oz i% T ;;: ot 52 ofjﬁn d . Managers exploit the time series of prices
according to their own views. First, managers can compute the price deviation from
its fundamental I + ¢ as commonly perceived, P, — E[Il 4+ §|Ff]. Second, managers
have access to at least one idea and can therefore refine the common estimate of price
convergence. Ideally, managers would like to condition price convergence on II, thus
giving rise to a) in (20). Yet, due to b), this operation is overwhelmed by the errors
contained in their set of ideas. Even for informed managers, who are not affected by b),
this operation remains imperfect due to noise traders whose orders produce transitory
price deviations through c).

Ignoring noise perturbations in b) and c), the loading ¢! in a) determines how a
manager bets on price convergence. ¢! is a weighted average of her speculative d!y and
her scaled market-making ¢ AL d@ activities with weights depending on both her number
of ideas n! and common uncertainty o°. One therefore needs to investigate which of the
two dominates. To do so, I plot a) in Figure 12, as a function of time and intensity 7.

Consider first managers in Network A. Because managers of Network A have a
moderate number of ideas, their loading ¢ on price convergence is tilted towards
%ﬁdé,t' This term is negative due to the compensation for risk Ay < 0 and a) is
therefore negative (Panel A). In turn, if the market thinks the stock is overpriced (that
is, P, > E[(II 4 0)|Ff]), managers of Network A follow the market and go short (and
vice-versa). They are trend-chasers, indeed.

Informed managers do the opposite. Importantly, managers ¢ can tell that market
expectations, on average, will not converge to Il before the announcement date. Hence,
in the meantime, they can make money by betting against the market. To see this,
notice that their loading ¢’ reduces to their speculative activity dy. As a result, when
the market thinks the stock is overpriced, they go long by positively loading ¢! > 0 on
a) (and vice-versa), as seen in Panel C. Needless to say, they are contrarians.

Managers in Network B speculate on price convergence in a non-trivial manner.

Good ideas initially allow these managers to trade alongside informed managers (? is

50See Appendices F.1 and F.2 for further details.
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FIGURE 12: BETTING ON PRICE CONVERGENCE

(A) CONVERGENCE LOADING IN NETWORK A (B) CONVERGENCE LOADING IN NETWORK B (C) CONVERGENCE LOADING OF MANAGERS i
_ ‘ — 3 . ‘
E ol = i R =30t
=1 = <E~
1 —0.2 a2t |
& & &
204 5 =2
5 5 1r 1 &
o —0.6 o 5
z Z z 10
% —-0.8 'Dt ol i 3
s} IS 3
2 | | =
» 2 2 0
= T T I I L | SR ) S ! | i ; L ~ I L L L L I
0 02 04 06 08 T 0 02 04 06 08 T 0 02 04 06 08 T
Time Time Time

Price Convergence and Social Interactions. Figure 12 plots the exposure to price convergence
for the average manager in Network A (Panel A), in Network B (Panel B) and manager ¢
(Panel C). Each is plotted as a function of time, for a social interaction of one meeting twice
per year (-=::+), one meeting every quarter (-----) and one meeting every two months (—).

The calibration is reported in Table 1.

tilted towards d). Yet, as interactions intensify, market learning shows a substantial
improvement and common uncertainty o is greatly reduced. As a result, their loading
P shifts towards %ﬁdg,t and managers of Network B eventually bet alongside the
market (see the solid and dashed-dotted lines in Panel B). That is to say, even good
ideas cannot keep a manager from aligning with the market consensus.

While this mechanism may have the flavor of informational cascades (Bikhchandani,
Hirshleifer, and Welch (1992)), Bayesian managers do not disregard—but optimally give
less and less weight to—their own ideas and increasingly rely on market information.

This mechanism is endogenously conveyed through the informational content of prices.

7 Conclusion

I show that word-of-mouth communication can explain a number of stylized facts in
the mutual fund literature. First, social interactions lead to greater efficiency and
progressively erode managers’ informational advantage, causing managers’ performance
not to persist. Second, social interactions generate momentum in stock returns. In
my model, momentum arises as a rational phenomenon whose underlying mechanism
depends on the diffusion of information among managers. Finally, social interactions
give rise to trading patterns that are consistent with those identified in the mutual fund
industry. Momentum trading becomes sooner or later an optimal strategy, except for a
handful of top performers who consistently break away from the herd.

This paper suggests many potentially interesting avenues for future research. First,
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the social dynamics of my model may be adapted for the purpose of studying fads
and fashions in the marketplace. Rumors may propagate and drive prices away from
their fundamental value. If agents are allowed to act strategically, this may lead to
a new theory of price manipulation. Second, the relation between word-of-mouth
communication and prices is only one-way—social interactions impact prices, but prices
do not impact the way in which agents interact. A challenging extension involves a full-
fledged equilibrium in which social interactions and prices feed back both ways. Third,
in the “limits to arbitrage” literature, social interactions may mitigate two kinds of
risk: word-of-mouth communication may help arbitrageurs to, firstly, synchronize their
trades to arbitrage bubbles away and, secondly, reduce convergence risk by accelerating
the price adjustment towards its fundamental value. Finally, this paper focusses on
managers’ market-timing ability. An economy with multiple stocks is a natural extension
of the present work and would allow one to study the effects of social interactions on

selectivity. I leave investigations along these lines for future research.

38



References

Acemoglu, Daron, Kostas Bimpikis, and Asuman Ozdaglar, 2010, Dynamics of information
exchange in endogenous social networks, Working Paper. [pages 8 and 9]

Admati, Anat R., 1985, A noisy rational expectations equilibrium for multi-asset securities
markets, Econometrica 53, 629-658. [page 5]

, Sudipto Bhattacharya, Paul Pfleiderer, and Stephen A. Ross, 1986, On timing and

selectivity, Journal of Finance 41, 715-730. [page 24]

Admati, Anat R., and Stephen A. Ross, 1985, Measuring investment performance in a rational
expectations equilibrium model, Journal of Business 58, 1-26. [page 24]

Almazan, Andres, Keith C. Brown, Murray Carlson, and David A. Chapman, 2004, Why
constrain your mutual fund manager?, Journal of Financial Economics 73, 289-321. [page
6]

Andrei, Daniel, 2012, Information percolation driving volatility, Working Paper, University of

Lausanne. [pages 4 and 5]

, and Julien Cujean, 2011, Information percolation in centralized markets, Working
Paper. [pages 4, 5, and 33]

Avramov, Doron, and Russ Wermers, 2006, Investing in mutual funds when returns are
predictable, Journal of Financial Economics 81, 339-377. [page 30]

Banerjee, Snehal, 2010, Learning from prices and the dispersion in beliefs, Review of Financial
Studies, Forthcoming. [page 22]

Barberis, Nicholas, Andrei Shleifer, and Robert Vishny, 1998, A model of investor sentiment,
Journal of Financial Economics 49, 307-343. [pages 3 and 30]

Barras, Laurent, Olivier Scaillet, and Russ Wermers, 2010, False discoveries in mutual fund
performance: Measuring luck in estimated alphas, Journal of Finance 65, 179-216. [pages
1,2, 22, and 23]

Berk, Jonathan B., and Richard C. Green, 2004, Mutual fund flows and performance in
rational markets, Journal of Political Economy 112, 1269-1295. [pages 5 and 26]

, and Vasant Naik, 1999, Optimal investment, growth options, and security returns,
Journal of Finance 54, 1553-1607. [pages 3 and 33]

Bernard, Victor L., and Jacob K. Thomas, 1989, Post-earnings-announcement drift: Delayed
price response or risk premium?, Journal of Accounting Research 27, 1-36. [page 7]

Bikhchandani, Sushil, David Hirshleifer, and Ivo Welch, 1992, A theory of fads, fashion,
custom, and cultural change in informational cascades, Journal of Political Economy 100,
992-1026. [page 37]

Bollen, Nicolas P. B., 2001, On the timing ability of mutual fund managers, Journal of Finance
56, 1075-1094. [page 23]

, and Jeffrey A. Busse, 2005, Short-term persistence in mutual fund performance,

39



Review of Financial Studies 18, 569-597. [pages 23 and 27|

Brennan, Michael J., and Henry H. Cao, 1996, Information, trade, and derivative securities,
Review of Financial Studies 9, 163-208. [pages 5 and 34]

, 1997, International portfolio investment flows, Journal of Finance 52, 1851-80. [page
1

Brown, Jeffrey R., Zoran Ivkovic, Paul A. Smith, and Scott Weisbenner, 2008, Neighbors
matter: Causal community effects and stock market participation, Journal of Finance 63,
1509-1531. [pages 1 and 33]

Brown, Stephen J., and William N. Goetzmann, 1995, Performance persistence, Journal of
Finance 50, 679-98. [page 29]

Burnside, Craig, Martin Eichenbaum, and Sergio Rebelo, 2010, Booms and busts: Under-
standing housing market dynamics, Working Paper. [page 8]

Campbell, John Y., and Albert S. Kyle, 1993, Smart money, noise trading and stock price
behaviour, Review of Economic Studies 60, 1-34. [pages 13 and 22]

Carhart, Mark M., 1997, On persistence in mutual fund performance, Journal of Finance 52,
57-82. [pages 1, 3, 23, 28, and 29]

Cespa, Giovanni, and Xavier Vives, 2012, Dynamic trading and asset prices: Keynes vs. hayek,
Review of Economic Studies 79, 539-580. [page 30]

Chance, Don M., and Michael L. Hemler, 2001, The performance of professional market timers:
daily evidence from executed strategies, Journal of Financial Economics 62, 377-411. [page
23]

Chevalier, Judith, and Glenn Ellison, 1997, Risk taking by mutual funds as a response to
incentives, Journal of Political Economy 105, 1167-1200. [page 6]

, 1999a, Are some mutual fund managers better than others? cross-sectional patterns

in behavior and performance, Journal of Finance 54, 875-899. [page 5]

, 1999b, Career concerns of mutual fund managers, Quarterly Journal of Economics
114, 389-432. [page 26]

Christoffersen, Susan E. K., and Sergei Sarkissian, 2009, City size and fund performance,
Journal of Financial Economics 92, 252-275. [pages 5 and 33]

Cohen, Lauren, Andrea Frazzini, and Christopher Malloy, 2008, The small world of investing:
Board connections and mutual fund returns, Journal of Political Economy 116, 951-979.
[pages 1, 5, 8, and 33]

Cohen, Randolph B., Joshua D. Coval, and Lubos Péstor, 2005, Judging fund managers by
the company they keep, Journal of Finance 60, 1057-1096. [page 29]

Colla, Paolo, and Antonio Mele, 2010, Information linkages and correlated trading, Review of
Financial Studies 23, 203-246. [pages 8 and 34]

Coval, Joshua D., and Tobias J. Moskowitz, 2001, The geography of investment: Informed
trading and asset prices, Journal of Political Economy 109, 811-841. [pages 4, 5, and 35]

40



Daniel, Kent, Mark Grinblatt, Sheridan Titman, and Russ Wermers, 1997, Measuring mutual
fund performance with characteristic-based benchmarks, Journal of Finance 52, 1035-58.
[pages 22 and 23]

Daniel, Kent, David Hirshleifer, and Avanidhar Subrahmanyam, 1998, Investor psychology
and security market under- and overreactions, Journal of Finance 53, 1839-1885. [pages 3
and 30]

De Bondt, Werner F. M., and Richard Thaler, 1985, Does the stock market overreact?, Journal
of Finance 40, 793-805. [page 33]

DeMarzo, Peter M., Dimitri Vayanos, and Jeffrey Zwiebel, 2003, Persuasion bias, social
influence, and unidimensional opinions, Quarterly Journal of Economics 118, 909-968.
[page 8]

Detemple, Jéréme, and Marcel Rindisbacher, 2012, A structural model of dynamic market
timing: Theory and estimation, Working Paper. [page 24]

Duffie, Darrell, 2011, Dark Markets (Princeton University Press). [page 7]

, Nicolae Gérleanu, and Lasse H. Pedersen, 2007, Valuation in over-the-counter markets,
Review of Financial Studies 20, 1865-1900. [page 16]

Duffie, Darrell, and David Lando, 2001, Term structures of credit spreads with incomplete
accounting information, Econometrica 69, 633-64. [page 7]

Duffie, Darrell, Semyon Malamud, and Gustavo Manso, 2009, Information percolation with
equilibrium search dynamics, Econometrica 77, 1513-1574. [page 8]

Duffie, Darrell, and Gustavo Manso, 2007, Information percolation in large markets, American
Economic Review 97, 203—-209. [pages 4 and 10]

Dybvig, Philip H., and Stephen A. Ross, 1985, Differential information and performance
measurement using a security market line, Journal of Finance 40, 383-99. [page 24]

Fama, Eugene F., and Kenneth R. French, 1995, Size and book-to-market factors in earnings
and returns, Journal of Finance 50, 131-155. [page 28]

, 2010, Luck versus skill in the cross-section of mutual fund returns, Journal of Finance
65, 1915-1947. [page 2]

Feng, Lei, and Mark S. Seasholes, 2004, Correlated trading and location, Journal of Finance
59, 2117-2144. [pages 4 and 35]

Ferson, Wayne E., and Kenneth Khang, 2002, Conditional performance measurement using
portfolio weights: evidence for pension funds, Journal of Financial Economics 65, 249-282.
[page 23]

Ferson, Wayne E., and Rudi W. Schadt, 1996, Measuring fund strategy and performance in
changing economic conditions, Journal of Finance 51, 425-61. [pages 23, 25, and 30)

Goetzmann, William N., Jonathan Ingersoll, and Zoran Ivkovic, 2000, Monthly measurement
of daily timers, Journal of Financial and Quantitative Analysis 35, 257-290. [page 23]

Graham, John R., and Campbell R. Harvey, 1996, Market timing ability and volatility

41



implied in investment newsletters’ asset allocation recommendations, Journal of Financial
Economics 42, 397-421. [page 23]

Grinblatt, Mark, and Matti Keloharju, 2001, How distance, language, and culture influence
stockholdings and trades, Journal of Finance 56, 1053-1073. [pages 1 and 33]

Grinblatt, Mark, and Sheridan Titman, 1992, The persistence of mutual fund performance,
Journal of Finance 47, 1977-84. [page 23]

, and Russ Wermers, 1995, Momentum investment strategies, portfolio performance,

and herding: A study of mutual fund behavior, American Economic Review 85, 1088—-1105.
[pages 4, 29, and 34]

Grossman, Sanford J., and Joseph E. Stiglitz, 1980, On the impossibility of informationally
efficient markets, American Economic Review 70, 393—408. [pages 1 and 5]

Gruber, Martin J., 1996, Another puzzle: The growth in actively managed mutual funds,
Journal of Finance 51, 783-810. [pages 1 and 23]

Grundy, Bruce, and Maureen McNichols, 1989, Trade and the revelation of information
through prices and direct disclosure, Review of Financial Studies 2, 495-526. [pages 7, 21,
and 22|

Haugh, Martin B., Leonid Kogan, and Jiang Wang, 2006, Evaluating portfolio policies: A
duality approach, Operations Research 54, 405-418. [page 17]

He, Hua, and Jiang Wang, 1995, Differential informational and dynamic behavior of stock
trading volume, Review of Financial Studies 8, 919-972. [pages 4, 5, 7, 13, 18, 21, 22, 30,
and 31]

Hendricks, Darryll, Jayendu Patel, and Richard Zeckhauser, 1993, Hot hands in mutual funds:
Short-run persistence of relative performance, 1974-1988, Journal of Finance 48, 93—130.
[pages 22, 23, and 29]

Henriksson, Roy D., 1984, Market timing and mutual fund performance: An empirical
investigation, Journal of Business 57, 73-96. [page 23]

, and Robert C. Merton, 1981, On market timing and investment performance. ii.

statistical procedures for evaluating forecasting skills, Journal of Business 54, 513-33. [page
23]

Hirshleifer, David, Avanidhar Subrahmanyam, and Sheridan Titman, 1994, Security analysis
and trading patterns when some investors receive information before others, Journal of
Finance 49, 1665-98. [pages 7 and 21]

Holden, Craig W., and Avanidhar Subrahmanyam, 2002, News events, information acquisition,
and serial correlation, Journal of Business 75, 1-32. [page 30|

Hong, Dong, Harrison Hong, and Andrei Ungureanu, 2010, Word of mouth and gradual
information diffusion in asset markets, Working Paper. [page 8]

Hong, Harrison, Jeffrey D. Kubik, and Jeremy C. Stein, 2004, Social interaction and stock-
market participation, Journal of Finance 59, 137-163. [pages 1 and 33]

42



, 2005, Thy neighbor’s portfolio: Word-of-mouth effects in the holdings and trades of
money managers, Journal of Finance 60, 2801-2824. [pages 1, 8, and 33]

Hong, Harrison, Terence Lim, and Jeremy C. Stein, 2000, Bad news travels slowly: Size,
analyst coverage, and the profitability of momentum strategies, Journal of Finance 55,
265-295. [page 30]

Hong, Harrison, and Jeremy C. Stein, 1999, A unified theory of underreaction, momentum
trading, and overreaction in asset markets, Journal of Finance 54, 2143-2184. [pages 3
and 33]

Hong, Harrison, and Jiang Wang, 2000, Trading and returns under periodic market closures,
Journal of Finance 55, 297-354. [page 13]

Ivkovic, Zoran, and Scott Weisbenner, 2005, Local does as local is: Information content of
the geography of individual investors’ common stock investments, Journal of Finance 60,
267-306. [pages 1 and 33]

Jegadeesh, Narasimhan, and Sheridan Titman, 1993, Returns to buying winners and selling
losers: Implications for stock market efficiency, Journal of Finance 48, 65-91. [pages 3, 30,
and 33]

Jensen, Michael C., 1968, The performance of mutual funds in the period 1945-1964, Journal
of Finance 23, 389-416. [pages 1 and 23]

Johnson, Timothy C., 2002, Rational momentum effects, Journal of Finance 57, 585-608.
[pages 3 and 33]

Kacperczyk, Marcin, and Amit Seru, 2007, Fund manager use of public information: New
evidence on managerial skills, Journal of Finance 62, 485-528. [page 35]

Kacperczyk, Marcin, Clemens Sialm, and Lu Zheng, 2005, On the industry concentration of
actively managed equity mutual funds, Journal of Finance 60, 1983-2011. [page 23]

Koijen, Ralph S. J., 2012, The cross-section of managerial ability, incentives, and risk prefer-
ences, Journal of Finance, forthcoming. [page 6]

Kosowski, Robert, Allan Timmermann, Russ Wermers, and Hal White, 2006, Can mutual
fund “stars” really pick stocks? new evidence from a bootstrap analysis, Journal of Finance
61, 2551-2595. [pages 2, 9, 22, and 23]

Loewenstein, Mark, and Gregory A. Willard, 2006, The limits of investor behavior, Journal
of Finance 61, 231-258. [page 0]

Malkiel, Burton G., 1995, Returns from investing in equity mutual funds 1971 to 1991, Journal
of Finance 50, 549-572. [pages 1 and 23]

Manela, Asaf, 2011, Spreading information and media coverage: theory and evidence from
drug approvals, Working Paper. [page 7]

Massa, Massimo, and Andrei Simonov, 2011, Is college a focal point of investor life?, Review
of Finance 15, 757-797. [pages 1 and 33]

Menzly, Lior, and Oguzhan Ozbas, 2010, Market segmentation and cross-predictability of

43



returns, Journal of Finance 65, 1555-1580. [pages 3 and 30]

Moskowitz, Tobias, Yao Hua Ooi, and Lasse H. Pedersen, 2011, Time series momentum,
Review of Financial Studies, forthcoming. [pages 3, 28, and 30]

Ozsoylev, Han, and Johan Walden, 2011, Asset pricing in large information networks, Journal
of Economic Theory, forthcoming. [page 8]

Poterba, James M., and Lawrence H. Summers, 1988, Mean reversion in stock prices : Evidence
and implications, Journal of Financial Economics 22, 27-59. [pages 3 and 30]

Rouwenhorst, Geert K., 1998, International momentum strategies, Journal of Finance 53,
267-284. [pages 3 and 30]

Shiller, Robert J., and John Pound, 1989, Survey evidence on diffusion of investment among
institutional investors, Journal of Economic Behavior and Organization 12, 47-66. [pages 1
and 33]

Shive, Sophie, 2010, An epidemic model of investor behavior, Journal of Financial and
Quantitative Analysis 45, 169-198. [page 33]

Sirri, Erik R., and Peter Tufano, 1998, Costly search and mutual fund flows, Journal of
Finance 53, 1589-1622. [page 6]

Spiegel, Matthew, 1998, Stock price volatility in a multiple security overlapping generations
model, Review of Financial Studies 11, 419-447. [page 22]

Stein, Jeremy C., 2008, Conversations among competitors, American Economic Review 98,
2150-62. [pages 2, 5, 8, and 9]

Treynor, Jack L., and Kay K. Mazuy, 1966, Can mutual funds outguess the market 7, Harvard
Business Review 44, 131-136. [pages 23, 24, and 25]

Vayanos, Dimitri, and Pierre-Olivier Weill, 2008, A search-based theory of the on-the-run
phenomenon, Journal of Finance 63, 1361-1398. [page 16]

Vayanos, Dimitri, and Paul Woolley, 2010, An institutional theory of momentum and reversal,
Working Paper. [page 33]

Wang, Jiang, 1993, A model of intertemporal asset prices under asymmetric information,
Review of Economic Studies 60, 249-82. [pages 1, 3, 5, 22, 30, and 31]

Watanabe, Masahiro, 2008, Price volatility and investor behavior in an overlapping generations
model with information asymmetry, Journal of Finance 63, 229-272. [pages 22 and 34]

Wermers, Russ, 1999, Mutual fund herding and the impact on stock prices, Journal of Finance
54, 581-622. [pages 3, 29, 30, and 35]

, 2000, Mutual fund performance: An empirical decomposition into stock-picking
talent, style, transactions costs, and expenses, Journal of Finance 55, 1655-1703. [pages 1
and 23]

44



The Social Dynamics of Performance

TECHNICAL APPENDIX

Julien Cujean*
Robert H. Smith School of Business
University of Maryland

October 25, 2013

*Robert H. Smith School of Business, University of Maryland, 4414 Van Munching Hall, Office
4466, College Park, MD 20742, jcujean@rhsmith.umd.edu, webpage www.juliencujean.com.



A Proof of Propositions 1 and 2

In this appendix, I derive the dynamics of Network A and Network B. The derivations
of the density pi* for Network A contained in equation (4) of Proposition 1 proceed along
the same lines as those of Duffie and Manso (2007) and the references thereof, except
for one aspect: agents meet in Network A with an intensity ng;* that is network-specific.
Since agents are restricted to meet with others currently positioned within the same
network, types are drawn from a density that needs to be normalized by the size of the

network such that it integrates up to one, i.e. q—z Hence, for n € A, the dynamics of
t

dui (n) MA(k)
#—n% (Zﬂt n—k th _N?

which yields (4). The mass ¢{* is then obtained as follows: from (4), I can write

pt evolve as

t t n—1
de o 59 (n) = e Jo ST il (n — k) ()t
k=1
Integrating, I obtain that
pin) = TR ) o [ e qfdszuu (n — k)i ().
Hence, if n = 1, this implies that (1) = ™" Jo 445 ang
A b on [fatds g A
n) =77/0 Mty (n = Ky (K)du
k=1
for n € A\{1}. Accordingly, the mass ¢{* of Network A satisfies
K-1
g = Z pit(n)
K—-1n—-1
=it (1 [ S S - k(i)

n=2 k=1

Differentiating this expression, it follows that

d K—-1n—-1
3% = (g’ +n > 3 pin—m)ud(m), ¢ =w.
n=2 m=1

Equation (5) in Proposition 2 is derived in two steps: ) I first take care of the set of

agents who migrate to Network B. Taking discrete intervals of time A, the migration



of agents to Network B satisfies

NtEirA = (1 —ng, A)Mt + /~Lt+A M?-
Rearranging and taking the limit on both sides, I get

B B A A
Hian — Hy Hian — Hy

. _ B B .
fim =2 = gy + lim =L

A0
Migrating agents have between K and 2(K — 1) signals and their meetings further need
to incorporate the restriction that both networks are disjoint: an agent who currently
holds K + 1 signals could not previously have K signals for, otherwise, she would already
be in Network B. Likewise, an agent who holds 2(K — 1) could only previously possess
K —1 signals. Hence, the types k and n—k whose meeting results into n € [K,2(K —1)]
have to be such that 1 <k < K —1and 1 <n-—k < K — 1, which is equivalent to
IVin—(K—-1))<k<(K—-1)A(n—1)orn— (K —1) <k < K —1 given that
K > 2. Therefore, migrating agents with n € [K,2(K — 1)] signals enter Network
B at a rate ¥ t(”) —ngP uf (n) + 0 05 ey it (n — k)pi* (k). First, there is no
emigration term related to u* because agents achieving type n € [K,2(K — 1)] are
not part of Network A. Their emigration takes now place with respect to Network B.
Second, the convolution is truncated in such a way that the previous discussion holds.
Besides migrating agents, i) I need to take care of the meetings among incumbents
to Network B who necessarily achieve a type higher than 2(K — 1). The derivation
thereof proceeds along the same lines as that for Network A and may, therefore, be
directly adapted: the types k and n — k whose meeting results into n € 2K, N — 1]
have to be such that K < k< N —1and K <n—k < N — 1, which is equivalent
to KVin—(N—-1) <k<(n—K)AN(N—-1)or K <k <n— K given that
N > 2K. Hence, the convolution of incumbents is given by 7= u5(n — k)uP (k) and
the resulting density in (5) follows.

From (5), the mass ¢P of agents located in Network B satisfies

= Nz_l uf(n) — /t ol f: qPds Nz_l 1{n€[K,2(K—1)]} ZkK:_nl—(K_l) uf(n — k),ll/ﬁ(k) du.
n=K 0 n=K 1 e N-1} Shei 15 (n — k)ud (k)

Differentiating this expression, it follows that

q; dy =
e’ n=K +1nepr,N—1]} 2m- e 1 (n —m)pf (m)

ds_ MZ(l{nemezmn(K i (n m)uz“(m))7 -

Finally, the mass of agents perfectly informed is determined by the sum of the agents



holding n € C signals for the set of integers C' = {N,...,2(N — 1)} C N*. Denoting by
pS(C) = 1 ({j: j. € C}) the density for each classes of number n > N of signals and

where C C (', T can write

d o (N=1)A(n—K) . . .
gl m=n > =k k), ugn) = .

k=KV(n—(N—1))
Migrating agents pile up in each class which have become irrelevant given that Network
C indifferently grants access to perfect information. Hence, the mass ¢ of agents
located in Network C' satisfies

L2(N—=1) (N—1)A(n—K)

2(N—1)
W= X = X ¥ pln-kulk)ds
n=N 70 n=N k=Kv(n—(N-1))

=1-q'—qP.

B Proof of Proposition 3

In this appendix, I derive the Bayesian updating procedure in the presence of social
interactions. In a first step, I derive the filter pertaining to the information accrued
from the tape and, then, derive the filter related to the information processed through
private discussions. When filtering from the price, agents apply a Kalman filter to the
vector of unobservable variables X; = (I, ;)" using the information Y, generated by

the tape. The vector X; has dynamics

IT

0

0 0
dX, = [ . ] X,dt + dB?, X, =

ae

o6
From (6), the price may be written as
Pt = ét + (1 - Al,t)ﬁf

where & = A\; I+ X2,0,. Furthermore, notice that observing the price is informationally
equivalent to observing &, i.e. 0(Ps:0<s<t) < 0(&:0<s<t)and thus Y =&.
The dynamics of Y,® are obtained by applying Ito’s lemma

dyye = (XMH + (N, — GOAZ,t)@t) dt + Ao 00d BY.



The Kalman filter under F7 for j = ¢, is obtained through the theorem below.

Theorem 1. Denote the unobservable vector by X; and the observable vector by Y; with

dynamics
dXt = (CLO + alXt)dt + det
d}/t - (AO + AlXt)dt + BdBt
where dB; = dBt@. The conditional mean )?t with respect to the information set

FY =0(Y,:0<s<t) has dynamics
dX, = (ap + a1 X,)dt + (O, A] +bBT)(BBT) 2dB,

where Oy = FE [(X—)@)(X—Z)T)EY} is the positive semi-definite conditional

variance-covariance matriz of X; given by the solution to the Ricatti equation
O; = 4,0y + Osa] +bb" — (0,A] +bB")(BB")"Y(A,0, + B"b)
and where the filter innovation B, satisfying
dB, = (BBT) "2 (dY; — (Ao + A1 X,)dt)
is a Brownian motion with respect to the filtration FY .

Proof. See Lipster and Shiryaev (2001), Theorem 12.7. Q.E.D.

To apply Theorem 1, I need an expression for the variance-covariance matrix O
of the filter: notice that because & € Ff C ftl, it follows that & = A I+ X0 =
)\1,tﬁf + /\Qytéf = /\I,tﬁfe + )\Q’téi. This means, in turn, that

2 2
B[ - 87| #] = | (1) @m- | F| = (3) b s=el
)\2775 )\Q,t

and
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Accordingly, O/ for j = ¢, may be written as
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O = o A (Q)Q :
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Further observing that

0 0 0 0
ag = y A1 = , b=
0 0 —ae oxs)

and B = )\ ;00 and working out the expression for the conditional mean )?t in Theorem

V '
1t

’ AO = 07 Al = ,
)\Q,t - a@)\27t

1, I get the following dynamics under common information
ol I L e 7
Of 0 —ae Of
1 0f (N 1Az — Ae(Ngy — aeAar))
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d
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where Bj is a one-dimensional Brownian motion with respect to F{ with

dB¢ = (dge — (XI5 + (N, — aeAa,)65)dt) . (21)

/\2 0o
Using the definition of &, in (11), I get the equation (9) for the common filter. Further-
more, substituting the expression obtained above for Oy into the Ricatti equation of
Theorem 1 and working out the equation, I obtain the following ordinary differential

equation
dof _ (0f)* )2
dt A,

()\/1 Aag — ANy, — aehay))? = —k7 (0f).

This yields the equation for the filtered variance under common information appearing
n (12).
Similarly, when agents | do not meet anyone and, thus, collect information from

only watching the tape, their forecasts evolve as

I 0 0 Hl Uint Yk _
d| 2| = dt + ” l(nt ) oy [ABE O (22)
@t O —ae t_ (O’@ — Ot ( ) )\ztkt>
where .
dB; = ——(d& = (X0 + (X, — a6Xe)O; )dt) (23)

is a one-dimensional Brownian motion with respect to F; . The variance of their filter
2
evolves as dol (ni) = —k? (ofe (ni_)) dt.
I now turn to show how both the beliefs about II and (©;);>¢ are updated when

an agent is met: whenever an agent | meets another agent holding m; signals, she



me

gets a sequence {SL}7*, of incremental signals. Conveniently, by Gaussian theory,

St = = S, Sp is a sufficient statistic for the latter. Notice that S, , is conditionally
_ 2

distributed as Sfm ~ N (11, Ust ). Then, by Bayes’ rule, the conditional density pl(IT|F})

me
may be written in the following recursive way
(8h, ,—?

m,t

ph_ (T F e *7&/m
B w)?

Je b (z|F e *5m da

pi(IT|F)) =

Hence, at time 0, given the prior IT ~ A(0,0%) and immediately after investor [ receives

her initial private signal (in which case, n = 1)

2 1 2
_i(m )" _1(st-m 2 22
L ez(vn)€2(as) L+ L _@ograshep)?
pO(H“FO) — 5 — S II e ZUSJH(GS+UH)

which may be used as an initial condition for the above recursion. I can then compute

the integral in the denominator of the expression above to obtain

~ 2 N 2
()", (%) +< il m) A(4)
A

- - - 4
(Sl —z)2 ~ 1 202/m o4, /m
! N 7y o1 (nt) ST e (m o)
P, (x| F; e s/m™ dx = e
8 o (nl

1 - 1
10 o) S—— 70 L

270} (n}) 20} (n})

where the second equality follows from that the conditional distribution p!(I1|F}) is
Gaussian for any ¢. Comparing the two expressions in (24) yields the updating rule for

the variance
1 1 my

- + (25)

o}



and the mean

oo s, I s, -
A (o) () T () T o 26)

I still need to take care of the updating rule for the noisy supply (6;),-,: observing
that information & accruing from the price is continuous, I can write (:)é — @i_ =

:\\; : (IL — IT! ) and, in consideration of (26), the updating rule immediately follows

v ay) ol Tyl
@t ®t7 o )\l,t Sm,t Ht

= T
ol (né) ol (né) Aog o /my

(27)

Alternatively, the conditional p.d.f. p!(©;|F}) for the noisy supply satisfies the recursion

(8L, (L +7<eJ o4))?
1 1 - 202 /mt
o B (OFL)e :
O F;) = j
pt( t| t) (Sin,t_(ﬁé+i2,t 87 —an)?
Je (2l F} e e de

with initial condition

2
’\2,0
2 2
)‘1,0‘75
2

+ QGTG) 1 (2a@@0A1 005+A2 (st 0+@0A2 0)0%)2

o 2
e 2a@A10 s”e*ﬁo 50756

pé(@o’]‘—é) =

In consideration of the updating rules in (25), (26) and (27), when an agent is met
at time t, the filtered fundamental and the filtered noisy supply experience a jump
whose size is respectively given by

Sl

AT = i fif = Ot~
t t t— Js/mt

_ Hi’ oi ( t) and A@l (:)i — (:)fL = —Al’t Lﬂ’t miL S oi (ni) )

)\Q’t O'?g/mt

Likewise, the variance of posteriors experiences a jump of size
Aol = A VR S A
o =ol(nl) —ol(nl )= 50 (1) 0 (my_ ) Mg

Moreover, the respective filters of 11, a constant, and (e”@t@t)t207 a martingale, need to
be martingales. Hence, I need to compensate their jump size adequately so as to enforce

their martingality. To do so, I have to pin down the distribution of the jump size in
Sl ﬁl
posteriors or, equivalently, the distribution of Z ol ( ) Let v!(m;dt;dZ)

mt— 2/rn,t

denote the required density. Moreover, notice that the probability of meeting someone



in the time interval [t, ¢ + dt) is P[N}, 4, — N} = 1] = n;dt and the probability of getting

m incremental signals given n! currently held and conditional on meeting someone in

[t,t 4 dt) is

A

i (m) pi (m)

P[mt = m’NtZ+dt - Ntl = 17 ni,] - q 1{n €A;meA} + tq 1{n €B;meB}-
t t

Hence, the probability of getting m signals in [¢, ¢ + dt) given nl is

P[{mt = m}m{Ntl—i-dt_Nif = 1}|ni,] =0 (lu’?(m)l{ni7 €A;meA} + :u’tB(m)l{ni7 eB;mEB}) di
and the distribution v/(-) satisfies

vi(m;dt;dZ) = P{m; = m} N {N} g, — N} = 1}n}_| x P[Z},, € dZ|F]_,my] (29)
=1 (N?(m)l{ni_ €A;meA} + Mf(m)l{ni_ eB;mEB}) dt
2 c\2
x N (O, ( m:os(0F) ) dz

0% +n}_of)(o% + niof)

where the last expression follows from that

1 l mt .
B (7., |FL m] = MQ(””E M+ —S -1 |7 ,mt] =0
O% M =1
and
m?(ol(nl))Z 1 mg ) mZ(Ol(nl))Q 0_2
V| Zal FiL ] = =522V [T = 5 el B e | = =222 (o) + %)
S tj=1 S t

Since the expected jump size is null, the compensation is null and the filtered dynamics

in (10) and the variance dynamics

2

1
doy(ny) = =k (of(my_))*dt — ;SOi(ni)Ofe( ny JmedN;

immediately follow by putting together (22) and the jump sizes in (28).
Finally, letting K§ = -, I can write dK (ni) = dK7+2dN/ and obtain the explicit
t S

relation

tm n!
K!'(nl) = K\ + K¢ —dN! = K¢+ —L
t(nt) ot t+00_% s t+0_%
where K¢ satisfies dK¢ = k2dt. This yields the expression for ol (ni) in (12). [ ]



C Proof of Proposition 4

In this appendix, I turn to agents ¢ and [I’s optimization problem. Following the
notations of He and Wang (1995), I denote by @ the excess return on the price. The
latter satisfies

dQ, = dP, — rPdt + 11— APr. (30)

Accordingly, agent [ who currently holds n! signals chooses a portfolio strategy 6! =

0L (WL  nt | t) with U! to be shortly described in order to maximize

sup B [—e | Fl | st W] = rWidt + 6} dQ, (31)
ol

while agent 7 chooses a portfolio strategy 0! = 0°(¥,,t) in order to maximize

sgip E [—e‘“’wﬂ .7-'4 st. AW/ = rW/dt + 0.dQ;. (32)
[ first solve the problems in (31) and (32) over [0,7") and then solve the ones prevailing
at the horizon date which, in turn, will provide boundary conditions. In doing so, I
need to determine the state variables relevant to (31) and (32): due to the CARA form
of utility, W will act as a trivial state variable. Besides ¢ whose dependence is triggered
by T < oo, the other relevant state variables, ¥, appear to be the ones driving Q).

I proceed first with (31) and, then, obtain the solution to (32) as the special case
when n! — co: notice that, because r = 0, Q; = E[P| Fi] = )\Ltﬁfi—i—)\g,t@f&—&—(1—)\17t)ﬁ§.
The dynamics of ﬁi and @i being obtained from (10), I just need to derive the dynamics
of TI¢ with respect to F. : substitutions between the two Brownians in (21) and (23)
lead to

AB; = AB}+ (X, (i}~ TI5) + (%, — ao o)) — &)

2,t00

Using the equivalence relations between C:)f and (:)i, this change of measure is written as

. N 1 . _
AB; = B+ 15— (N Aae = Aa(Noy — aedo)) (I}~ TI5)dt (33)
2t00

= dB! + k,(TIL —TI5)dt
with the associated Radon-Nikodym derivative

AP L [ —T19)%ds+ [} k(T —Ti9)dBe 24
== : (34)
7




I assume that (34) is a martingale (and not only a local martingale) and Girsanov’s

theorem applies. Then ﬁ§ satisfies the following dynamics

C

~ 05 ~ ~
dIlf = 5 (N Aar — AN, — ae o)) (TT — TI5)dt
)‘2,t0®
+ o (N = A oo ))dB! = ock2(IL — TI)dt + ofk,d B!
2t

with respect to F . An application of Ito’s lemma then shows

dQy = (Niy + (1= A)ofkA) (T, —TI5) + (Xy, — aeha,)O) )dt (35)
+ (Ma06 + (1 — Ay 4)ok,)dBL.

Inspection of (35) reveals that Wl := (1,0, AT where the first element is introduced
to capture linear dependencies along with some constant and where Al = ﬁi — ﬁf
denotes the difference between investors I’s estimate of the stock value and the estimate
solely based on market information. By Ito’s lemma, the latter satisfies

Ql Tl

dA} = —ofk?A} dt + (o (n_) — o) ktdEHSUQHtog (n}) medN;.
S

Moreover, using the expression for @fi in (10) in Proposition 3, I get

)\ltSl Hi, l 1
ol (o) midNy

~ ~ A ~
d6! = —aeO! dt + < oo — Ol (n ) A;%) dB! —
t

As a result, the excess return @ and the filtered state variables W = E[W¥,|F}] follow

the coupled process

dQ, = AV, _dt + BB} + Co, (W}_,n}) dN;
dv} = Ay, Wl dt + B\P,t (nL) dB; + C‘ll’at (qlt*’n» dw,

over [0,T") where

0 0 0 0
! ! go — 2t Mok
A\I/’t - 0 —ae O 5 B‘I},t (nt) == © A2t K“as—i-nt )
00 ko (vélgfswé - KT) ha
and . l
! A AL T S _Htf o (nl
Coe(Wim) = (0 -5 1) T ¢ (nt) me

10



along with

Agi=10 Ny —aeday AN, + (1= Mg)ofk? ], Boy = Aogoe + (1 — Aiy)ogk,
(36)
and Cg = 0. As expected, the excess return does not jump, expect, perhaps, at the
horizon date T" when the stock pays out.

Finally, notice that ¥! does not constitute a sufficient statistic for (31) because,
unlike He and Wang (1995), the variance o' is not a sole function of time. Instead, o'
jumps at random times and one needs to include it as an additional state variable. In
that respect, the relation between of and o} (ni) described in Proposition 3 implies
that one may choose to keep track either of n! or ol. Accordingly, I let the state
variables for (31) be (W', W! nl t) and let the associated value function J! be of the
form J'(W! Wl n' t). Using these, I can write the Hamilton-Jacobi-Bellman (HJB)

equation associated with (31). By the standard martingale argument, it satisfies
1
0= sup { Ay Ag WL+ 5 R B, (0)* + Bau(Bly () Tt}

1
+Ji+ (Jy) T Aw 0y + §t1"(J\lelw,t(nfe_)(pr,t(”f:_))T)
+ El/tl [‘]l(thv \Ilwlt_ + C\lIl,t (qu&_ ) nzlt) ) nwlt_ + my, t) - ‘]l(tha \ijt_ ) ni_ ; t)]

with terminal boundary condition J'(W*!, ¥, n!, T) = —e=""r and where tr(-) denotes

the trace operator. The first-order condition reads
TwAeWi + Juw B0y + Bou(By(ny )" Jiyy =0 (37)

and the second-order condition for optimality is J{y, < 0. Substituting the first-order
condition into the HJB equation, I obtain the following PDE

1
T+ () T Aw e+ Str(Jig By y(nf ) (By () )T (38)
+ B W+ Cy, (W nd) nt +my, ) = J (W], W nf¢)]

1 (i AguV + Bou(Bl, (nl ) Jly)?

=0.
2 J{,VWBat

To solve (38), I make the following observation: if my setting were absent of social
relations, ¥ would follow a bi-dimensional OU process and the setting would be affine

quadratic. As shown in Cheng and Scaillet (2007), I could then conjecture that
1
TVl 1) = —exp (—9W! = (@) M) 0! (39)

11



where M!(n!) is a (3 x 3)—symmetric matrix of coefficients to be determined and
that satisfies boundary conditions pinned down by the problem to be solved at the
horizon date. Yet, due to social interactions, learning is not purely Brownian and the
combination of the jump in posteriors along with the quadratic form of (39) make
the setup not LQJD (Linear-Quadratic-Jump-Diffusion) but QJD. Hence, unlike the
setting of Cheng and Scaillet (2007) or Piazzesi (2005), for instance, the quadratic state

variables jump along with the affine ones and the jump size in (38) is of the form

ER[J(WL W+ Ch, (W nt) b 4 myt) = J(WL W ng )] = (40)
JWL et nl t)x
T
(Cflf,t (\Pi,ani)) Mtl(ni)c‘lllt (\Pé,vni)
B lexp | L H(W) (M (ng) — My(ng_)) W L
2 +(W )T M (n})Cy , (W), n})

+(Ch, (WL nt)) Mi(nl)w)

In this context, Chen, Filipovic, and Poor (2004) have shown that the exponential
quadratic ansatz in (39) for the value function fails to hold. Instead, for (39) to hold
and in the spirit of the approximation considered in Duffie, Garleanu, and Pedersen
(2007) and Vayanos and Weill (2008), I linearize the jump size in (40) by means of a

first-order Taylor approximation of the latter around zero:
B WL W 4+ CY, (W nd) nl 4 my ) = (W], W) t)]
1 T
~ = ( [ (G (@l +m)) M+ m)Ch, (W m) whm dt dZ))

1
— ( /N (Ch(vi i+ m)) Min} -+ myv(m; dr; dZ)) W
*X

% ( MU(nk 4+ m)Cl (U k4 m)(mdt; dZ))
—% o T( (Ml +m) — M) y,f(m;dt;dZ)) o
=2 (ohe (1) + (4}, Ml) ()T, (M) + (W) eh, (MY ).

This allows to make the setting LQJD and to preserve its tractablity. An upper bound

on the error induced by the linearization is provided in Appendix D. Further substituting

12



the ansatz in (38), I obtain the following matrix differential equation

Mi(n} ) = —n¢h, (M') —diag(¢h, (M), — I 5 diag(el, (MY)  (41)
B! 1A B! 1A T
Ml ) <‘1’t(nf)Qt _ A\M) X (‘“(nf)Qt _ A\If,t) Minl )
BQ,t BQ,t
_ Agiar

(Bo,)? (tr (M} (n}_) By o(ni_)(By,(ni_)") +néh,_ (M) ;Y

where IZ-(’]JY) is a N x N—index matrix with its elements being zero except elements (i, j)
being 1.

Since, as per (29), the expected jump size is null, it is immediate that
P (MY=[0 0 0] Ve, (42)

-
To determine the coefficients ¢>6,t and ¢>l2,t7 I denote by ¢y = [ 0 —% 1 } the jump
scale in such a way that CY, = cyZ'. I then integrate over the different realizations of
the incremental number m; of signals: clearly, since agents only meet others within

their own network, ¢’s need to be network-specific. This yields

0'2 .
ZmGA MtA(m)cg,tMtl(nL + m)c‘lfﬂf (0%Kf+né7)Tagst+nii+m) if TLL €A
¢l (Ml) ZmEB MtB(m)Cg,t
0,t_ = Ll mog )
y l{nlt_+meAUB} (Mt (nt_ + m)C‘ll,t (U?gKf+nlL)(a§SKf+ni7+m)> if nf‘/i €B
. 0.2
1o tmgaumy (MZC\MW>
and
Smeapit(m) (Mi(n}_ +m) = M{(nl))  if nj €A
ZmEB :utB (m)
¢l2,t, (Ml) -

Lt 4meaun) (Mtl (ny_ +m) — M; (ni,)) if n, €B
+1{né7+m¢AUB} (MZ - Mtl(nzlﬁ,))

The solution to agents i’s problem is directly obtained as a particular case when
n! — oo: the HIB equation for (32) is

0 = sup { Jiy Aq Wit + 3 Tow B3 (63)? + Baul By ) Tivubi (43)
0%

_ _ T
+ J] 4 (Jy) AUy + §tf(prq;pr,t(pr,t)T)

13



with Ji(Wi W, T) = —e~ "Wt and ¥, = (1,11 — II5,0,) " and B, = lim,i_,., BY,(nh).
After substitution of the first-order condition and using the conjecture J*(W* W, t) =
—e*VWi*%(‘I’)TMZ‘I’, which, in this case, is exact, I obtain

iy /B A By, A o
M; = My (qg e A\I/,t) + (qg et A\I/,t) My (44)
Q7t Q?t
Agt Qt

A .y ,
- W —tr (MZBEJ,t(pr,t)T) Iy,

I can go one step further and simplify the matrix differential equations above: first,
considering (41) and (42) and (44) along with the terminal condition M7»12)(T) =
MPO3(T) = 0 for j = 1,7 which follows from (52) below and since the differential

equations for M7(12) and M7 have no generator term, M/ (n!) is of the form

MY () 0 0
M;(nf) = 0 MV () My (n) (45)
0 My M)

where M follows from n! — oo. (45) implies that (41) and §r44) may be decoupled from
Mtl’(l’l)(nb and M"Y T shall redefine Cys = [ At } and

_>\2,t
/\Lt kto'?g
_a@ 0 1 0'@ - A 2 Kc i
Ay, = Byl(nt) = , Pt oS (46)
\I/,t O —Ock’z ) \I/,t t ( a5 o L)k ’
e oZKnl — Kp/M

*

Qt —

-
XQ,t — apay */i 0o
/ k? ) B\Il,vt = C
A+ (1—- Al,t)f} —ofky

along with matrices M*! and M** whose dependence on ¢5' = ¢ (M*!) is emphasized

1,(2,2 1 1,(2,3 N 3,(2,2 i,(2,3

M*’l( Il Mt ( )<ni7 ¢§,t) Mt ( )(niv ¢;,t) d M*,i o Mt (22) Mt (235)

e (ng, 923) = L23) ) 1 ol LB3) 1 el | ABA M = i(2,3)  § rin(3.3)
M, (124, ¢2,t) M, (ng, 9311) M, M,

)

Then, reorganizing (41) and (44) respectively yields

Tk * * * * B*J (nl ) ¢
My (0, 050 ) = =0+ M (nf_, 655 ) (BQQ — Ay (47)

T
B@lt(ni )Abt I ! (AZ )TA*
+ ) — v A* M*y nl , *, _ Q:t Qvt’
( BQ7t Ut t ( t_ ¢27t_) (BQ,t)Q

14



. ) T
gy ; B:Klfﬂt O By, O (AL t)TAzgt
M = MPY [ ==t A 4| 2Rt gx Mt , (48
t t ( BQ,t Ut BQ,t Ut t (BQ7t)2 ( )

Substituting (39) into (37) and the ansatz for agents i into the first-order condition
in (43) yields

* *,0 *,1 *,1 ~
gl = 91((:)1 il —1ic. n! t) = Abs — BQ,t(B\p,t(nfs))TMt (ni,7¢2,t_) e}
t — t_ ot tr 't ’yBé’t ﬁi_ B ﬁg
and _ |
0 = 0'(0,, 11 — II, 1) = Ade = Bou(By) ' M™ | 6,
t ’ t ’YBCZQ¢ I — Hf )

delivering the respective optimal portfolio choices in (13) and (14) in Proposition 4.
Boundary conditions to (48) and (47) are provided by agents’ optimization problem
at the very last round of trading. Here, I need to take care of the jump in (30):

—'yW%L —7017,7 APp

T (Wh_ W nip T) = sup B | e 7| (49)
T.

2
—yWh —~6 E[APT\]-'l }+ly2(0l )V[APT\]-'l }
:Sup —e T_ T_ T_ 2 T_ T_
o

where I used the Laplace transform of a normal random variable. Solving for the

first-order condition yields the optimal portfolio
E|APr| Fh ]
VWV AP FL]

l
T

(50)

Using that APp =114+6 — Pp = (6 + (1 — A\ )(IT — I, ) — Ao ©Or), I obtain, for
agents [ and 1,
A= )@y TG )—der . (1A (IS, )Xo O

(9%«7— ) 9%“ - - ’ <51)

v(o_(nfp)+03) - yo5

Substituting (51) into the terminal value function in (49), I get

~ ~ ~ 2

1 ((1 = A )My — 105 ) - )\2T,@lT,)
J (Wi, W nh, T) = —Wh — = : :
( T 5 =77 ) exXp YW 2 OlT_<an>+0'§

(52)
R 2
((1*>‘1,T7 JII-TIG, )=Ag @T>

2
5 for

i 1
- Wr —3

for agents [. Similarly, I obtain J/(W% U, T) =e -

o
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agents i. But given the shape of the value function conjecture in (39), the boundary

conditions are

* 1 A2 _)\Q,T_ (]. — )\LT—)
MTLZ (n'lT) - Ol (nl ) + 0_2 \ 2T 9 (53)
7_\N1 51 = Ao (1 —Aip) (I—Xr)
and
, 1 A2 - 1—-A
i =, 2r-(1 = ue) | (54
o5 | —Xer (1—XAir) (1—Xi7)

Notice that these boundary conditions are given in terms of the terminal price coefficients

A7 and Agp . The boundary conditions for these will be derived in Appendix E. W

D On the Approximation Error

In this appendix, I derive the dual counterpart to the primal problem in (31): T use
the dual formulation to obtain a probabilistic characterization to the first-order Taylor
approximation used in Proposition 4. Then, I use the dual approach along the lines
of Haugh, Kogan, and Wang (2006) to provide an upper bound on the approximation
error taking prices as given.

The primal problem in (31) may be alternatively written as

sup &/

|: _e—'yW,fl +A
ol

fg} s.t. AW, = 6,_dP, = 0, (Ao, V! di + BodBY)  (55)

where A is a Fr —measurable random variable given in (52). I denote by (6} ):>o the
optimal portfolio strategy associated with (55) and by V;* the value function associated
with (55) and evaluated at the optimal strategy (6} )eo. Also, I denote by (6;)i>0 the
portfolio strategy in (13) which is associated with the value function V; whose jump has

been linearized. Clearly, because the policy (gt)tzo is suboptimal, it is immediate that
V. <Vr, Ytelo,T). (56)

That is, the approximated value function V; provides a lower bound to the optimal
value function V;*. To get a sense of what V;* and, thereby, the magnitude of the
approximation error may be, it is necessary to include an upper bound on V;* as well.
The latter is provided by duality theory: consider a fictitious market which is comprised

of the original risky stock with equilibrium price P and dynamics

dPt = Ut(litdt + déi)

16



where k; = £t denotes its market price of risk. Furthermore, I introduce a market

ot

completion in the form of a fictitious asset with price S and dynamics

An agent facing such a market builds a portfolio strategy (,1) where 6 and 1 denote
the fractions invested in P and S, respectively. Her wealth therefore evolves according
to

AW, = 0, dP, + ¢,_dS; = 0,_oy(k,dt + dBY) + ¢, (dN! — g,dt). (57)

The dual state variable H € K to (57), or equivalently its Lagrange multiplier, is
assumed to satisfy
dH, = 8,H, dB' + 6,H, dM} (58)

where M} = N! — [in.ds is a I@l—martingale and K is assumed to be as follows.

Assumption 1. The space K is such that (3,0) € R x (—1,400) are square integrable

and predictable processes satisfying the conditions

t t
/ B2ds < oo, / Isnsds < oo Vt € [0,T) and such that H, > 0, E[H] = 1,
0 0

HW; a local martingale ¥t € [0,T) and E[Hr(log(Hr) — A)] < oc.

The dual state variable in (58) is assumed to take an exponential martingale form

to enforce its positivity. Furthermore, an application of Ito’s lemma yields

dH W, = H,_0,_oy(ke + By)dt + H,_(6y00 + Wt-ﬁt)dgi
+ (Y (14 0¢) + 5tWt_)Ht_dNtl — (gt + Wi_0me) Hy_dt.

Since, from Assumption 1, (H,W;)i>o is restricted to be a local martingale, it must be

that 6; = —k; and (Ntl)tzo should be appropriately compensated, i.e.
Urge + Wiy = (Ve (1 + 6¢) + 0, W)

and thus §; = % — 1. Therefore, any candidate dual state variable H for the above

fictitious market takes the following form

HT _ 6_%.[0T ngds—fOT gsdﬁéefOT(ns—gs)dS H <]_ + (gs — ]_> ANi)

0<s<t s
"y (—liél n (9 _ 1) Ml>
U T
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where £(-) denotes the Doléans-Dade exponential. The remaining conditions in As-
sumption 1 are imposed so that H defines a proper change of measure and such that
the dual problem is well-defined. The optimization problem faced by an agent in the

fictitious market is then given by

Vt(g) =sup b [—eﬂwgﬁ)(gHA
(CAD)]

st. AW (g) = 0,_dP, + ¢,_dSY
s.t. Yr(g) =0 YVt €[0,7).

(59)

That is, at the optimum, ¢* is such that an agent finds it optimal not to invest in the
fictitious asset. The portfolio strategies associated with the fictitious problem in (59)
may be obtained as follows: by the martingale representation theorem, the discounted

wealth may be written as

t N t
HWE = W+ /0 p.dB! + /0 $sd M

t N t
— W, +/ H,(0,0, — WO k,)dB! + / H, (wsgs + W (93 - 1)) dM!
0 0 s s
where (@, ¢) are predictable processes. Accordingly, for any arbitrary dual candidate

H  the portfolio strategy is

-1
—1 —1
0 = () (o (H") " +m V() and w§9>=<i> (as%g) (a) +(1—Zj> Wt@)).
(60)

Also, for any arbitrary candidate H@, I can write the optimization problem in a static

form a la Cox-Huang as

sup Fy

AW+ A
|:—€ TWr_
(9)
wy?

s.t. By [H' W] < W, (61)

Solving the associated Lagrangian, the value function V9 for any H9) may be written
as

o WoEolH? (log(H;?)— )]

Vy? = (62)

Since W9 > W7, (62) constitutes an upper bound to V;*, i.e. Vi < V¥ vt € [0,7),
and is expected to be strictly equal to it at the optimum V;* = infy Vt(g). Hence, taking
into account (56), V;* is bounded by

v, v(§t>t20 given <V < V;(g) Vg > 0 given
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and, thus, the approximation error is bounded by

for given prices. The upper bound in (62) requires the computation of
Eo[HY (log(HY) — A)]: since H € K, H represents a change of measure and I can
accordingly define the following Radon-Nikodym derivative

dP!

7

By Girsanov’s theorem, this change of measure implies that B! = B! + 5 kds is a

P!—Brownian motion and

—~ t
8} = M = [ (9.~ n)ds

N

is a I@l—martingale and (N})i>o is a P!—Poisson process with intensity g;. Hence,
Eo[Hf (log(H") — A)] = Ey[log(Hy)] — Eo[A].

Moreover, applying the change of measure in (63) and Ito’s lemma shows that

1 _ —
dlog(H{") = Sr7dt — rd B} — (g’f - 1) dt + log (gt> AN
Mt Ur;

such that

Eall (9) _1~ T, = T gt
ollog(Hy )]—gEo /0 rydt +E0/O log . G — g¢ + 1 | dE| .

To actually compute an upper bound, I further need to pick a particular ¢g: one such
choice includes g = 1 as a natural candidate for reasons that will become clear shortly.
With this candidate at hand, the dual state variable H" = & (—=kB'); does not jump

and the upper bound reduces to

= T
Vo(n) — o Wo—Eol3 [ sids—A] — _ oy Wo—3/(¥'n,0)

—e

Recalling that the market price of risk is given by x; = AB?’T“? and that the change of

measure in (63) implies that (¥);¢ still evolves as an OU process under P*

A -
dv! = (Aw — By, BZJ) ! dt + By ,dB! + CydN!
R
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where the particular choice of g = n implies that (NV});>¢ is the same Poisson process

under both measures, I can write the following PDE for the function f

_ AQ,t\I'ft ’ T Ag.t p 1 T
0= + fi+ (fo) " {Awg = Buy 22" | W+ Str (Juw By By
Bq. Bq. 2

+ B [f(W}_ + Cugyn+m,t) = f(¥]_,n,1)]

with boudary condition f(¥!, n,T) = A. Given that (¥!);>, follows a Gaussian process
under P! and that f is quadratic, one may conjecture that f(¥! n,t) = (U7 Ry(n)¥!
and substitution of this conjecture into the above PDE after separation of variables
yields (41) and inspection of A, implies that R,(n) = M(n), or

Vt(”) _ _e—th—é(\pg)TMt(n)\plt
which is nothing but the conjecture in (39). One may then obtain the unconditional

upper bound at time 0, by integrating out the vector W. To that purpose, one should
notice that the latter is distributed as Wl ~ N(0, %) with

2 4 4
%8 _ (M)Q on Mo _9q

E _ 2a¢0 A2,0 0'12-1-&-0'% A2,0 0‘121-!-0'%
0 A ol o2 o2
20, L5,
A2,0 o +0% oqtog

Therefore,

E\I/f) [%(n)] _ _@—’on—%Mé’(l’l)(l)/ 6_%(\I’éu))TMg’l(l)‘I’é*’l)d@ (\Ij((]*’l))

R2

_1
2

— e Wom My () |7+ S M3 (1)

where the second equality follows from completing the square in the bivariate normal
distribution. Given this explicit form for the upper bound, a probabilistic interpretation
to the linearization is obtained by inspection of the portfolio strategy implied by g = n:
the static problem in (61) induces the first-order condition U'(Wr) = )\t% where \;
denotes the Lagrange multiplier of the static constraint at time t. Furthtermore, the

Q) (m) gy M\ ~1
envelope theorem implies that a(;/f = )\¢. Thus, % = U'(Wr) <d(;/Ith ) and, as a
t

Wi n

M aym Q) ()
result, g?:) - da‘;svz aavvtV: Vs > t, which finally implies that dlog(Ht(n)) = dlog ( aa%vi )

Matchiné the diffusion terms yields
v\t (o, v, \'
9(77) = — -1 715 7t 72& B
‘ (o0) (awg ow,™ T\ awowt ) Pt
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(n)

which, after substitution of the explicit upper bound V,", needless to say, yields the

portfolio policy in (13). Further matching the jump terms yields
0 =log (V" (W, + 10, W)+ Cyy)) —log (V"W @} ).

Substituting the explicit form and using the portfolio policy in (60) shows that

1

-1
u = o (BM) ™ = o

<(g,g§7 +Cug) Min+m) (W 4 Cy) — () Mt(n)\llif) .

Hence, the approximate policy ()0 boils down to pick the strategy (Qt(n))tzo and

t("> ~ 0 since, as per the fictitious problem in (59),

make it an optimal one by setting v
an optimal strategy must be so that 1, = 0. Alternatively, the Taylor approximation of
the jump size tantamount to set the loading ¢; on the Poissonian risk in the martingale
representation of the discounted wealth to zero.

I finally compute the value function V, associated with the approximate strategy

(9@)%0 and 1, = 0. Since the approximate wealth satisfies

. T T

Wy =W+ [ 00ap, =W - [*ds,
0 0

it remains to compute

T p(n) Nl
~ | Wo+ [ 0 as(nsderdBS))JrA
Vb = EO |:—€ ( 0 .

I introduce the following change of measure

ol T = T 2
dP o f'yfo Ogn)asdBéf%'yz fU (9277)05) ds (64)
apl|,
]:t
such that
T (n) ( O] )
~ _ — —y 05" 05| ks—570s" 05 |ds+A _
Vo = —e "W g, {e Jo 05 (memgat e } = —e Mop (W n,0).
. Ag.+—Bg.tB] ,Ml(n) . . . .
Recalling that Gt(") = 22 %Qf"t Sl T can write, after simplifications,
AL Ap—B2  Ml(n)By By Ml
! R e Y o0
h(¥',n,0) = Ey |e Q : (65)

The computation of the function h(:) is generally complicated precisely because it
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involves a quadratic jump. Therefore, for the purpose of computing the lower bound,
I resort to Monte Carlo Simulations. I simulate the dynamics of ¥ under P! using a
standard Euler scheme. Given the change of measure in (64), B! = Bl 4+ Jr0Wods is

a P'—Brownian motion by Girsanov’s theorem and W' satisfies

Aqs — BBy, M|(n)
BQﬂg

dv! = (AW — By, ) Ul dt + By dB! + Cy AN},
I further draw m out of the cross-sectional distribution of types by drawing a uniform
random variable according to U 1) and cumulate p;. I then compute the integral in

(65) by means of the trapezoid rule.

E Proof of Proposition 5

In this appendix, I derive the equilibrium equations for the price coefficients A\; and A,.

To that purpose, I first observe that, from (13), individual portfolios take the form
gl(“l"iv ny,t) = d@ t(nt)el + dA t(nt)Al (66)

Aggregating the latter over the population of agents first calls for the average beliefs
JSier [17du(5). I recall that, given that & € F¢ C FL, 1 can write

ft = )\l,tH + /\2,t@t = )\Ltﬁf -+ )\Q’tég = )‘l,tﬁzlf + AQ’téi.

It then follows that @§ = &= ’\21 B and @l ’\21:H : using these expressions along with
equation (9) for the filter HC of Proposition 3, an application of Ito’s lemma delivers
IS - _ _ -
d—t = kdBf + k1dt = kdB) + k711, _dt (67)
%
where the second equality follows from the change of measure in (33). Similarly, using
(10), one may write
dHfr — kdB! 27 gl M an
- = kdB, + k71T, dt + Sm,tUTdNt (68)
t s

where the jump size directly follows from (26). Bunching (67) and (68) together, I can
ﬁl ﬁc Sl
d| 1 — L | =5t mdN].
ol (n%) 0y o}

This equation may then be solved using the initial conditions ﬁ(c] =0 and 0§ = o and

write

applying the updating rule in (26) to ﬁé Doing so, I obtain the following lemma.

22



Lemma 1. A manager l’s expectations I satisfies

ﬁf;oé () I + Héoil( / L msdN! = o () ﬁ§+0i <Zé) St mf69)
op(1) of o5

taking into account that dng = (M1, +n cauny + 001 gm4nt gaupy)dN{,nf =1 when

ofoé
2 lc
O5+n0%

implies [y, ntdL( jt) = wyll for all n, I finally write the average beliefs as

—~ - Oj nl —~ Oj nl .
/ T du(j,) = / ( ! ( ) e 4+ - (2 ) Sﬁmi) de(je) + (1 —w)I  (70)
Jtel Jt€l2 F g

integrating. Moreover, recalling that ol = and that the law of large numbers

Oy S

o2 ~ ofn
=3 ut(n)<2 S+, CH)+<1—wt>H

C
neAUB 05+ nog 05 + noy

= Qtﬁg + (1 - at)H

where, similar to He and Wang (1995), oy = 3-,caup te(n )ﬁ and where

(n) pi(n) if ne A
n)=
e pBn) if neB

Equation (70) allows to characterize the impact of percolation on higher-order
beliefs (HOB). Since beliefs of higher order collapse to a linear combination of the
first-order expectations and denoting agent I’s expectation of [, Ht de(j;) by H(l 2 =
Elf;,er 117du(j,)|FL), one may readily observe that II{"? = atﬁtc + (1 — o)LL in such a

way that the second-order expectation writes

0% = [ 09du(,) = (1 — (1 — a))IIE + (1 — )11

Jtel

Iterating, the k—th order expectation ﬁﬁ’“) writes

0 = | 009) = (1 - (0= a5 + (1 - gL

:
Observing that the weight oy is increasing in the cross-sectional average number of
signals, and that the latter is roughly increasing like e, the following pattern occurs.
Because information percolation produces some inertia in updating initially, HOB play
a stronger role at the beginning of the economy as compared with a setup in which
signals continuously accrue. Yet, after some time, percolation takes off and signals

accrue at a rate beyond that of a continuous flow of signals. This ultimately causes the
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effect of HOB to decrease after some time has elapsed.
This also allows to show how the conjecture for linear prices in Definition 1 obtains.

Following Hong and Wang (2000), the price may be written as

P, = ) E[F)|F]de(Ge) + A2.0;

Jte

with F, = F [e‘T(T_t)(H + 5)’ ]-"t] = II + 6 denoting the expected value of the terminal
dividend under full information F; discounted at the riskfree rate and where the second
equality follows from r = 0. The term \;;0, represents a discount for inventory risk.

Notice that (:)g does not appear in the price as & implies that
AT — TI8) = Mg y(©; — 65)

since E[&]FE] = A II¢ 4+ Xp,05 and, given & C F¢, E[&|Ff] = &. Putting everything

together and taking into account that all agents have null prior regarding §, I can write
Pt = (1 — Oét)H + Oétﬁg + /\2715@15

and the conjecture in (6) follows. This expression should be considered to hold on [0,7)
so as to allow a discontinuity in the stock price at the horizon when it attains the final
payoff II + 6.

Using (70), I can further compute the average beliefs regarding the supply

Ny A A . A ~
Oldu(j) = L+ 0, — 2 [ THA(,) = 0y + oztAl’t (I — II9).

jrel A2y Aoyt Jjer 21
Applying the law of large numbers, I then obtain the aggregate demand

A ~BoD? (n)

O + 2t 7 (H—ﬁg))

i . yB2 A2t 02+0o5n
/jtez o) = > () /?S)—BQD,“)(n) Z:n . fre ()
nEAUB + ) Ugiogn (IT —1I1¢))
AD —BeD?  AY —BeDY
F(l—w) 29 —297 9,4+ 2@ 9T (7 i
where D; = Bj, M/(t) for j = I,i. Clearing the markets %fi)elds 0
A *,(2 A1, *,(1 on
A At ye — 3B + Saeaun ii(n)Bg (D (n) = 32407 (n)) )
,(2 A *,(1
Ao i +(1 = w)Bg (D7® — D)
1

X - (72)

on

ZneAuB Mt(n) oZ+oin +1— w;
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and,

~ BoDPV(n A5 — BoDr™
QD) g A el o (73)
B

A 1)

Z fie(n)
n€AUB B4
These equilibrium equations are obtained from the market-clearing condition
Jier 6]du(j;) = ©, and A%, A% and By’ in (46) and (72) follows from (73). Both
equations (72) and (73) determine the equilibrium behavior of A;; and Ay over [0,7).
Yet, they lack boundary conditions: at the very date before the economy ends, agents

hold myopic portfolios of the kind in (50). Aggregating these, I obtain

_— . — Pr - P
/ 9%_dé(]T) = / 7T r dL( ) (1 — LUT)72T7
Jr€l Jr€l2 ’)/(OT + 0'5) YO§

c
US+OT nHT— + o +o nH Pr_

= > pr(n)

neAUB v(0%_(n) 4 03) Yo

Using that
Pr = )\17T7H + (1 - )\17T7)ﬁ§~_ + /\27T, Or

and simplifying yields

= (5 g B )
I = HT(T c c —w
o neAUB ! 0305 +05(05 n+ 03) !

><< > wr(n)

2 ¢ 2( cC 2
neAUB 0505+ 03(0% n+0%)

C 2
OT_ n05

+1—WT)

and

A R L
27— = —70s Hr(T - - — wr .
nEAUB 0505+ 03(05 n+0d)

This provides the two required boundary conditions associated with (72) and (73) and
takes care of the final jump in prices. Indeed, knowing A\ and Ao and, thus, Pr_,
the jump size is then simply obtained as APy =114+ § — Pr_. Substituting (74) and
(75) into (53) and (54) makes all the boundary conditions depending on 0§ which
represents the only unknown terminal condition, hence the shooting method suggested
in the main text in Subsection 3.2.

When solving the equilibrium, one needs to jointly solve the HJB equations in
(47) and (48) in Proposition 4 along with the price equations (72) and (73) and the
equation (12) for the common variance in Proposition 3. The resulting system of

differential equations is not explicit, for the derivatives A}, and Ay, appear through the
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coefficient k;. The solving procedure is alleviated if one is able to transform the system
of equations to be solved into an explicit one. As it turns out, a trick which works as a
continuous-time dynamic equivalent of Admati (1985)’s lemma is available: considering
the second equilibrium equation in (73) and observing that the derivatives of A;; and

Ao+ are contained in Ag,, one may spell out the left-hand side of (72) and write

ALy
Aot

ALy
Azt

= AQJ/O'@]{/}, + (1 - )‘Lt)ktgot

AGE — A0 N (1 AR — T (N, — aeda) (76)

Substituting this expression in place of the left-hand side of (72) produces a quadratic

oot
Of()\l,t—l) :
This root may be verified, by substitution into the equilibrium equations, to correspond

equation in k;. The latter has two real roots, one of which is of the form k; =

to the fully-revealing equilibrium. That is, one in which the diffusion of the price P; is
constantly null over [0,7) and the price thus reveals II. As this equilibrium is trivial,
I shall discard it and for obvious reasons only consider the second root. Substituting
the second root allows to make the system of equilibrium equations explicit and to

considerably facilitate the numerical implementation of the equilibrium. |

F Serial Correlation, Trading Strategies, and Mea-

sures of Performance

In this appendix, I compute the different quantities plotted in the results sections.

F.1 Serial Correlation

Integrating the supply in (1) along with common expectations in (9), I can write

t
O, = Ope ! + g /0 eae(s=)Be. (77)

C 1.2 t o2 -~ t t 12
Hc H/ Ck2 s oukqtdud5+/ Oste* fs Oukudung) = E[HﬂHH/ ngse* fs OukududBS@
0 0
(78)
where I used that ﬁg = 0. Accordingly, P, may be written as

t
Pr= ALl 4 Aoy (@()efaet = ea@@*f)dB?)
0

t t 12 t toc1.2
+ (1 o )\1,t) (H/ O§k§€7 fs oukududs +/ 02]{}367 fs OukududBS@) )
0 0
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As a result, the price difference AP, :== P,y a — P, over [t,t + Al is given by

t+A c ¢ .
AP Altda — Ag + ((1 —Apgga)e J o Al,t)) it ock2e [ okiduqg
t — " )
(L= Arera) T2 ockZe” Jo oikidu g

—aoA —t
(Agrrac 8 — Ny e Dog
t+A

¢
o C )
o\ + ((1 — Aira)e” Jo T eikide _ (1- )\u)) oSkse” J, oikidu
t+A s
* / (OGAQ’HAea@(Si(HA)) + (1= Msa)obhse™ Ou}eidu) dB?
t

+ ()\2’t+A€7a®A — )\27t)67a®t®o.

dB®

Similarly, I can compute the price difference AP,_a over [t — A, t] and get

2
var(AP,_a) = (Agee 0% — >\2,t—A)2€72a9(t7A)07@+

o

2@@
t c t—A
At — Atg—a + <(1 —Air)e Jioa cikidn _ (1- )\1,t—A)> R ock2en Jo T etkidu g
t . on
+(1— A y) JhoAok2e” J otkidug
2

=4 (Agge™@08 — Ny y_p)ee (=8 gg 1
+ / _ t c u - t—A c S

0 + ((1 — Air)e Jomaoididu (1-— )\1,th)) oSkse Jo 7 oukiau

t t o k24 2
+/ (ogAz,te“@(s_t) + (1 — Apg)oSkse™ J ok ") ds, along with

t—A

2
V(AP a, AP-n) = (Mo prae” ™% = Agy)e "0 (g e 0% — /\27t_A)€,a@(th);79+
ae
A t .
Atpra = Are + <(1 —Appa)e” Je o Al,t)) JEotk2e S oikidugg
t+A -
(0= M) JiT S oghze [k
t c t—A c
/\l,t — )\Lt—A + ((1 — )\l,t)e_ ft_A ogkdu _ (1 _ /\17t—A)) Ot—A nggef fs oukﬁduds

X

t C
+(1 = Aiy) fip oSkZe™ J oukidug g

t—A (Agirne™08 — Ny )ewesgg
+/ A e t ¢
0 + <(]_ — /\1,t+A)€_L oSk2du (1 B )‘l,t)) ngse— fs oS k2du

(A27t€_a®A — Agﬂg_A)ea@(s_(t_A))g-@

X _ [t o€ u _ t—A dS

O‘2,1t+A€7a@A — )\2715)6&@(8%)0@

t+A t .
Oﬁk‘idu . (1 _ Al,t)) 02/{367 j; Oflkzdu

i /tiA + ((1 - >\1,t+A)€7ft

t C
X <0’@)\27t€ae($7t) + (1 — )\1’,5)02]{536_ fs O“k?‘du> dS
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where the variance of AP,_a and the covariance between AP,_A and AP, follow from
Ito isometry. The econometrician then computes the serial correlation of stock returns

by projecting AP, onto AP;_A. Applying the projection theorem, it follows that
E[APt’APt,A] — Bt(A)APth

where, as in Wang (1993), 5,(A) = %. Hence, as in Banerjee, Kaniel, and
Kremer (2009), returns exhibit momentum whenever 3;(A) > 0 and reversal whenever
Be(A) < 0. This is the measure often used in the empirical literature as in Jegadeesh

and Titman (1993), for instance.

F.2 Trading Strategies

From (66) and using the relation in (69) along with 6! = ©, + 5= ’\1 L (H 1), the portfolio

strategy of an agent [ holding n signals may be re-expressed as

) = doy () (©0-+ 42411 - () - (1 )3, (79)

+ dj () (1 = aj(n))(S,,, — 1)

= o (1), -+ () I 1)+ () = 4 ) 32
where \
pi(n) = ay(n ))\:td ((n) + (1= ay(n))dy 4 (n)
and where al(n) = o

0'2 ofn "’

As in Brennan an§+Ctao (1997) or He and Wang (1995), I further isolate the part of 6"
that is solely associated with private information. Since, from (71), agent [ contributes a
fraction 4u(n)dg ,(n) to the per capita supply shock, I denote by 0' = 0\(n) — d ,(n)Oy,
the part of agent {’s portfolio that is absent of market-making concerns. From (78), it
then follows that

. t t oo t t oo
6(n) = ol(n) (1 ~ [ oz : d) M= ¢i(n) [ oskye™Jiduape
0 0

Further assuming, similar to Watanabe (2008), that agent [ remains of type n over A

and dropping the index n for convenience, the informational portfolio variation over A
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is given by

t+A t
l I l - oS k2du 1\ rt ocp.2.— [ ofk2du
Afl — Prpa — 1 T (‘PHAQ Jo ki 1 ) Jo oskse Jo it
t _rttA oo
o i oskze ST kg

t+A oo t t oo t+A A g
l — oS ks du l — | oS ksdu ¢ (C] l — oS kidu ¢ (C]
~ (hac ) [ e R dB® — ol [ e T o e

AL t+A Al 1 &
+ <<Pi+A — ¢ — (dle,t-i-Am - dl@,t Nyl ) 1 Z e

nea

The econometrician, who can only make sense of A6 with respect to what she observes,

considers E[A!|AP,]. Applying the projection theorem, one writes
E[AG|AP] = pi(A)AP, (80)

with p(A) = %ﬁﬁft) and where, by Ito isometry and {e¥}2_, LTI L (BP);0,

A t
l l l - oS k2du 1\ rt 1.2, — [ o¢k2du
~ Pira — Pr T (9015+A€ Jo ok _ oy ) Jo ockze Jo ik ds
cov(Ad,, AP;) = . A ) ft+A ¢ 2 d
C - [0} u
—Pira ft Oskse s wreds
_ A g2 [t 2
1 — Al an)e ft ogkgdu 1— >\1t e s oukuduOCdeS
i+ , 0 s's
t+A
t+A  — oS k2du 2
FAra = A+ (L= Agpa) e Js o¢k?ds
_ A o0 _ t cp2
<<Pi+A€ j; ogkadu Qpi) e fs Oukudungs
t
—/ 0@(/\27t+Ae_“@A — )\g,t)e“@(s_t) ds
0 x

t+A : .
+ ((1 _ )‘1,t+A)6_L oSkZdu (1 _ )‘1,t>> ngse— fs oS k2du

X

on

! t+A o ozkﬁduoﬁks

— <Pt+A/t % (O‘@)\Q’t+Aeia9(87(t+A)) S (1= Apa)e fst+A oﬁkgduogks> ds.
Hence, as in Brennan and Cao (1997), agent [ follows the trend whenever p,(A) > 0 and
pursues a contrarian strategy whenever p;(A) < 0. This is the measure of momentum
strategies used in Grinblatt, Titman, and Wermers (1995), for instance. Notice that
the measure of trading behavior in (80) is not equivalent to that of Wang (1993), for
instantaneous covariances ignore the contribution of private discussions. To see this,

observe that prices have continuous sample paths

AP, = E[dP|F] + (Aag00 + (1 — A )oSk,)dBL.

Agi—Bg (Bl ,(n)T M (n)

VBG4

Moreover, defining fl(n) = along with the jump size of this
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function
(B +(n 4 my)) " M{(n+my) — (BY (n)) " M{(n)

YBq.

Afy(n) = -

)

an application of Ito-Tanaka’s formula yields
d6; = EId6}|F] + f{(n_) By (ni_)dB] + (Af{(n_)¥;_ + fi(nj_ +my)Cy )N,

Hence, I get

Aoy — Bo(BL (nt )T M(n!
E[d0LAP,|F!] = (Aayoe + (1 — Ape)oth) —2 @ jéé ) M t*)BfI,,t(nii)dt
Q.t

where the contribution of private meetings gets flushed out.

F.3 Measures of Performance

In the sequel, I derive a fund’s NAV and the structure of the regression in (17). In so
doing, I consider the performance solely induced by the informational portfolio 51, for

one should not give credit to a manager for making money on noise traders.

i) Net Asset Value. One may want to make the following preliminary observation:
were agents risk-neutral, their expected trading gains would be null, for prices P would
be martingales and, thus, F| fOT 0!dP,] = 0 as in Hirshleifer, Subrahmanyam, and Titman
(1994). Due to the serial correlation in returns, this result is expected to be changed:

using (79), expected gains up to time 7 may be expressed as

T T R T ]_ n
E { / QidPt} _B { / o (I — Hf)AQ’t\IJtdt} +E { / (gpi _ ’dl@t> Sy edet}
0 0 0 Aot ) m

+E { | 8B B2 | +1ony BBy AP
0

where I set W} = 0: since agents have CARA utility, this assumption is immaterial.
Since {e¥}7_, L (V;);> and that ¢* has zero mean for all k and that the third term

inside the expectation is an Ito integral, it follows, under regularity conditions, that

| [ 8ar| = B[ [ e - 1) (A9, + AG I — T17)) dt| + 1eomy EBY. AP,

Moreover, using (51), one may write

(U ah AT (e~ ) (11 )
- V(0 +07)
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and it follows, applying Fubini’s theorem, that

5 [ /O gld pt} _ /O PLE [(TT = TI5) (AS)0, + AS (T - T15)) | dt
— ol

+ 1oy
ok +a3)

BT =Ti5) (1= A ) ([T =Ti5 ) = Aoy O7)].

Substituting (77) and (78), and using Ito isometry along with IT 1 Oy L (B®);>, I get
E [ / §§dPt] — 0o / Aag) [ koot kbdu g oy
0

q t 12 2 t < 2
+/ @iAS)t ((1 —/ o°k2e” I O“k“d“ds> g —l—/ (0%ks)%e —2 [ otk d“ds) dt
0 ’ 0 0

1 B Oé'lT, - )\LT_
v(0% + o3)

(1 N IOT)O ]{Z e f[s,T)
+ L/[()’T) (ngs)267 f[S’T) oﬁkﬁduds

—ae(T—s)— c k24
+Xo1 0o f[o ) oSkse a6 (T—s) f[sm Outut g

+ 1=1)

oS k2du 2 2
ds| o
(1=Air) "

M ge
~ A5’ O
.o . . c Q

’l’L) Performance Regressmn. Denotlng by 0¢ = ~B2

the myopic market port-
folio and using that ¢ € F¢ C F', I can write a manager I’s myopic portfolio 0!

as

A e
0 =0+ %(H ~ 1),
t

Using (36) and (76), it follows that A( )‘“A = Bg ki and I get

1—al)(S! —TI¢
Bo. 5 Q,t( 2 (5; = 117)

where the last equality follows from (69). Further observing that IT — II§ = i(Pt -
I — A2,0;), one obtains (16).
The difference between the returns generated by managers ¢+ and market returns

follows from observing that
dR! = 1P, = diy ,(I1 — TI{) (AS),0,dt + (AS), — Boike) (1 — TI§)dt + BgdBy)
and

21t

_ A A A
AR = 6P, = dg, T (1T —1I;) (A(” (@t + 3

2t

LT — HC)> dt + BQ,tdfﬁ) .
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G Description of the Calibration

This appendix provides further comments on the calibration of Subsection 3.3.2, which
is used in the results sections.

I set ag above 0.05, as estimated by Campbell and Kyle (1993), for this parameter
value would make the supply counterfactually persistent. The chosen calibration matches
that used in Huang and Wang (1997) and Hong and Wang (2000). The volatility of
the supply og is consistent with that estimated by Campbell and Kyle (1993) who
show that this parameter would be related to risk aversion in equilibrium. Inspection
of Section 3 in Campbell and Kyle (1993) shows that © is equivalent to X in their
setting. This further implies that og is of the form 1_‘I:;’f7$diﬂ’(dNt). After correcting
a mistake in the first and third equations of B.12 and B.7, respectively, and substituting
the estimates of Table 8 indicates that my calibration is obtained for a risk aversion of
8. This parameter lies within the range used by Wang (1993) and is below that used by
Hong and Wang (2000). I choose to set the risk aversion parameter well below 8 to
be consistent with Koijen (2012) who structurally estimates fund managers’ relative
risk aversion and reports a risk aversion of 5.51 and stock holdings of $ 93 millions on
average.

The volatility of ideas og is chosen to be higher than oy and both are set to the
calibration of He and Wang (1995). A similar estimate for oy is obtained in Banerjee
(2010). The volatility of ideas is chosen so as to reflect that working ideas are diffuse but
not too imprecise. Notice that respectively increasing v, og, g and o or decreasing
ae would only make my results stronger.

To fix ideas regarding the chosen network thresholds, suppose one shuts down the
price-learning channel so that of = o. Then, at the chosen value for N, the marginal

a1

1 90 — __ %m%
effect = 6n0t(n)|n:N GAT e

G of an additional idea is less than -2%. In other

words, the contribution of an additional idea becomes negligible: social interactions
have mostly exhausted their informational role. Since learning from prices will make
this contribution even weaker, N is a natural level for perfect knowledge to step in.
To further make sense of the chosen K, suppose an enforcement technology exists
so that agents optimally pre-commit to switch after getting K ideas or more at a cost
B. Assuming away time-inconsistency issues, they would compare the value Vi =
Ynea bip(n)J (n, T) of Network A with that VP = e 3, cpioy pg (n)J (n, T) of
Network B at time 1. The value K would then be optimal if 5 = %log (gx‘;?:iéD
In turn, an interaction intensity of one meeting twice per year (n = 2), every quarter

(n = 4) and every two months (n = 6) imply a cost 3 of 0.34, 0.44 and 0.438, respectively.
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