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We develop a simple model of the price impact of institutional herding. The empirical
literature indicates that institutional herding positively predicts short-term returns but neg-
atively predicts long-term returns. We offer a theoretical resolution to this dichotomy. In
our model, career-concerned money managers trade with security dealers endowed with
market power and exhibit an endogenous tendency to imitate past trades. This tendency is
exploited by dealers and thus affects prices. In equilibrium, institutional herding positively
predicts short-term returns but negatively predicts long-term returns. Our article also gen-
erates several new, testable predictions that link institutional herding with the time-series
properties of returns and volume. (JEI0O, G20)

Professionamoney managers are the majority owners and traders of equity in
today’s markets. Leading market observers commonly allege that money man-
agers “herd,” and that such herding destabilizes markets and distorts prices. For
example, Jean-Claude Trichet, President of the European Central Bank, com-
mented on the incentives and behavior of fund managers as follows: “Some
operators have come to the conclusion that it is better to be wrong along with
everybody else, rather than take the risk of being right, or wrong, alone... By
its nature, trend following amplifies the imbalance that may at some point af-
fect a market, potentially leading to vicious circles of price adjustments and
liquidation of positions” (Trichet 20q12).!
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ThePrice Impact of Institutional Herding

Thereis extensive empirical evidence of herding by institutional investors:
Money managers tend to trade excessively in the direction of the recent trades
of other manageré.However, the literature offers less clear conclusions re-
garding the impact of institutional herding on stock prices. In fact, the empir-
ical conclusions on the price impact of institutional herding are characterized
by an intriguing dichotomy. Studies examining the short-term impact of insti-
tutional trading generally find that herding has a stabilizing effect on prices. In
contrast, studies focusing on longer horizons often find that herding predicts
reversals in returns, thus providing empirical evidence in favor of Trichet's
view?

Thetheoretical literature lags behind its empirical counterpart in this area.
While the well-known model oBcharfstein and Ste{1990) shows that money
managers may herd because of reputational concerns, there is no systematic
theoretical analysis of the effects that institutional herding may have on equi-
librium prices.

In this article, we present a simple yet rigorous model of the price impact
of institutional herding. Our results provide precise theoretical foundations for
the dichotomous empirical conclusions with regard to the price impact of in-
stitutional herding. We analyze the interactions among three classes of traders:
career-concerned fund managers, profit-motivated proprietary traders, and se-
curity dealers endowed with market power. Our results are as follows. First, we
show that the reputational concerns of fund managers give rise to an endoge-
nous tendency to imitate past trades, which impacts the prices of the assets they
trade. Second, we show that institutional herding positively predicts short-term
returns but negatively predicts long-term returns. Therefore, our theory pro-
vides a simple and unified framework within which to interpret the empirical
results on the price impact of institutional herding at short and long horizons.
Finally, our theory generates several new, testable predictions linking institu-
tional herd behavior, trading volume, and the time-series properties of stock
returns.

The building blocks of our theory can be traced bacB¢barfstein and Stein
(1990), who study a sequential choice setting with exogenous (fixed) prices in
which decision makers have career concerns. We embed a related model of
career concerns into a multi-period sequential trade market with endogenous
price determination, in which some traders (fund managers) have career con-
cerns, while their trading counterparties (security dealers) are endowed with
market power. We describe the model below.
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Seelakonishok, Shleifer, and Vishn§1992),Grinblatt, Titman, and Werme(4995), Wermerg1999), andSias
(2004), among others.

For evidence on short-term return continuation following institutional herding, see, for exagimerg1999)

and Sias(2004). Dasgupta, Prat, and Verardo (forthcoming) find evidence of long-term return reversals after
institutional herding. Further evidence on institutional herding and long-term reversals can be fQuriginez

and Kelley(2009), and irBrown, Wei, and Wermer&009).
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A number of career-concerned fund managers and profit-motivated propri-
etary traders trade with dealers endowed with market power over several trad-
ing rounds before uncertainty over asset valuation is resolved. Fund managers
and proprietary traders receive private signals of differing precision regarding
the liquidation value of the asset. They are unsure about the accuracy of the sig-
nals they receive. Fund managers are evaluated by their investors on the basis
of their trades and the eventual liquidation value of their portfolios. The future
income of a manager depends on how investors evaluate his signal accuracy.
In contrast, proprietary traders are motivated purely by trading profits.

In equilibrium, if most managers have bought the asset in the recent past,
a manager with a negative signal is reluctant to sell, because he realizes that
(i) his negative realization is in contradiction with the positive realizations ob-
served by his colleagues; (ii) this is probably due to the fact that his accuracy
is low; and (iii) by selling, he is likely to appear to be a low-accuracy type
to investors. The manager faces a tension between his desire to maximize ex-
pected profit (which entices him to follow his private information and sell) and
his reputational concerns (which make him want to pretend his signal is in ac-
cordance with those of the others). This tension drives a wedge between the
price at which the manager is willing to sell and the maximum price at which a
profit-motivated dealer will buy from him. Therefore, this pessimistic manager
does not trade. Conversely, a manager with a positive signal who trades after
a sequence of buys is even more willing to buy the asset because his profit
motive and his reputational incentive go in the same direction. Dealers utilize
their market power to take advantage of this manager’s reputational motivation
and offer to trade with him at prices that are above expected liquidation val-
ues based on available information. In turn, the manager is willing to buy at
such excessively high prices because he expects buying to provide him with a
reputational reward.

In contrast, after a sequence of buy orders, purely profit-motivated propri-
etary traders choose not to buy even if they receive a positive signal because
the price that is set by dealers to extract surplus from optimistic fund managers
is higher than the expected liquidation value. Proprietary traders sell if they
receive a negative signal.

As the preceding discussion suggests, our model generates precise equilib-
rium patterns of trades and prices. We begin by describing the trading behavior
of the different types of traders. In equilibrium, money managers trade in the
direction of past trades or not at all (thus exhibiting herd behavior), while pro-
prietary traders trade against the direction of past trades or not at all (thus
exhibiting contrarian behavior). We relate these results to empirical evidence
in subsectiori.3.

We next describe the equilibrium price patterns implied by institutional herd-
ing, and their relationship with both long-term and short-term asset values.
Suppose that there has been a herd of several institutional buys up to and in-
cluding timet. How does the price at which a money manager bought atttime
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compareo long-term asset value (the eventual liquidation value) and to short-
term asset value (the price at timhg- 1)? Consider first the relationship with
long-term asset value. In equilibrium, the price at timeill be higher than

the expected liquidation value of the asset, because the manager who bought at
t did so after a sequence of buys. The endogenous reputational incentives de-
scribed above imply that this manager was willing to overpay to buy the asset
and dealers were happy to extract surplus by overcharging him. This implies
that institutional herding up to timieis associated with long-term price rever-
sals: Buy herds are followed by negative long-term returns, while sell herds
are followed by positive long-term returns.

The opposite relationship holds with regard to short-term asset values. When
a number of managers have bought, market beliefs about the asset become
quite positive. When the proportion of fund managers in the trading population
is high, the next trader to face the dealer is likely to be a manager. This man-
ager’s tendency to imitate past trade indicates that he will not sell, regardless of
his signal. Thus, as long as there are enough fund managers in the market, the
average transaction price is likely to be highet at 1 than att. This implies
that institutional herding up to timeis associated with price continuation at
the horizont + 1: Buy herds are followed by positive short-term returns, while
sell herds are followed by negative short-term returns.

To summarize, our model implies that equilibrium herding by fund man-
agers leads to short-term price continuations and long-term price reversals.
Therefore, our model provides theoretical foundations for the interpretation
of the findings in the empirical literature on the price impact of institutional
herding.

Our model also generates a number of other predictions. Some of these pre-
dictions find support in existing empirical results, while others give rise to new
testable implications. We summarize some of these results here and provide a
more detailed discussion of linkages to empirical results in the body of the ar-
ticle. We first define metrics for the association between institutional herding,
and short- and long-run future returns, and demonstrate testable comparative
statics. For example, we show that longer institutional buy herds are followed
by higher long-term negative returns and by lower short-term positive returns.

We then show that our model can generate return momentum in the fol-
lowing sense. Stocks that have been bought by institutions experience price
appreciation. In turn, as institutional buying positively predicts short-term re-
turns, the same stocks are expected to have positive short-term returns. Thus,
winners remain winners in the short term. An analogous result holds for losers.
This contributes to the theoretical literature that derives momentum from a ra-
tional model rather than from a behavioral model of investors’ underreactions
or overreactions to news.

Our equilibrium also links the degree of mispricing, the return momentum,
and the level of market activity together, and provides rich empirical predic-
tions relating trading volume to the time-series properties of returns. There are
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two main results in this regard. First, we show that when there are sufficient
numbers of institutional traders in a market, high trading volume is associated
with increasing mispricing. Reductions in mispricing, in contrast, are associ-
ated with quieter markets. This result is related to the empirical evidence that
abnormally high turnover levels predict lower future returns. It is also corrob-
orated by the extensive empirical evidence of a positive link between mispric-
ing and volume during the Internet bubble (1998-2000). Second, we show that
assets with high trading volume typically experience high return momentum.
Among the set of assets that experience price appreciation betwekandt,

those with high institutional trade levels exhibit high (and positive) return con-
tinuation and high expected trade volume, while those with low institutional
trade levels exhibit low (and even negative) return continuation and low ex-
pected trade volume. Our model, therefore, offers a rational interpretation for
the positive link between volume and momentum that is documented in the
empirical literature.

Our core qualitative results arise from the interaction of two important fac-
tors. On the one hand, fund managers are career concerned. As a result, their
valuation of a given asset (conditional on a given history of trades) may differ
from that of traders without career concerns. On the other hand, the security
dealers who buy and sell from fund managers have a degree of market power,
which means that some of this difference in valuations is reflected in prices.
There is extensive empirical evidence that supports both factors. A large body
of empirical literature (e.gBrown, Harlow, and Starks 199&hevalier and
Ellison 1997, 1999) documents that the reward structure for portfolio managers
is sensitive to their perceived ability. Furthermore, a number of studies show
that OTC markets for several assets tend to be concentrated among relatively
few dealers who exercise market power (see, for exantfles, Michaely,
and O’Hara 2002Schultz 2003or stocks traded on the Nasdaq; a@cken,
Hollifield, and Schurhoff 2007or corporate debt and municipal bonds).

Notably, while the first factor is essential for our results (and forms the back-
bone of our findings), the second simply represents one of many possible fric-
tions that could generate similar qualitative results. Instead of endowing the
trading counterparties of fund managers with a degree of market power, we
could, instead, make security dealers competitive but risk averse, generating
inventory costs in trading. We explicitly demonstrate in subsecsi@that
such a modified model generates results that are qualitatively similar to those
of the baseline model. In short, as long as the residual demand curve against
which fund managers trade is not perfectly elastic, the endogenous herding we
identify will give rise to similar patterns of prices and returns.

Our article is related to the large body of theoretical literature on herding
(e.g.,Banerjee 1992Bikhchandani, Hirshleifer, and Welch 199&very and
Zemsky 1998 It is also connected to the growing theoretical literature on
the financial market imperfections arising out of the delegation of portfolio
management (e.gAllen and Gorton 1993Cuoco and Kaniglforthcoming;
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Dasguptaand Prat 2006,2008; Guerrieri and Kondor 20Q9He and
Krishnamurthy 2008yayanos and Woolley 2008). However, existing research
has not studied the effect of institutional herding on stock returns.

The rest of the article is organized as follows. In the next section, we present
the model and derive equilibrium implications for trading behavior. In
Section2, we describe the equilibrium implications of institutional herding for
the time-series properties of stock returns and trading volume. In S&gtiom
discuss our core assumptions in greater detail and provide an alternative model
that does not assume market power for security dealers. Our conclusions are
presented in Sectioh

1.1 Setup
Consider a market in which trade occurs sequentially dveeriods. In each
period, there is a large numb8lix of delegated traders (fund manageasd
a large numbeNp of non-delegated speculatore@prietary trader3, where
n = NF'\:LFNP representshe proportion of fund managers. Fund managers act
on behalf ofinvestorswho cannot trade directly and must delegate trading to
managers. Each trader is able to trade once at most, if he is randomly selected
in one of T rounds, wherd << min(Ng, Np). At any timet, the probability
that the trader selected to trade is a fund manager is

There is a single asset with liquidation valuewhereo = 0 or 1 with
equal probability. The realized value ofis publicly revealed at tim@ + 1.
The trader who is selected afaces a monopolistic, risk-neutral, uninformed
market maker (MM), who trades atonly and posts a bid;f’) and an ask
price (p?) to buy or sell one unit of the asséiVe discuss the assumption of
a monopolistic market maker in Secti@nEach trader has three choices: He
can buy one unit of the asset from the M} & 1), sell one unit of the asset
to the MM (& = —1), or not traded; = 0).°

Regardless of whether he is a fund manager or a proprietary trader, the trader
chosen to trade atcan be either good (type= g) with probability y , or bad
(typed = b) with probability 1— y . The traders do not know their own typ@s.

Our model has features of botlosten and Milgron{1985)—a multi-period model with a competitive market
maker—andCopeland and GalglL983)—a single-period model with a monopolistic market maker.
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Thereis no noise trade in our setup. Noise traders could be added without modifying the qualitative properties
of our results, at the cost of substantial algebraic complexity. For a discussion of how this can be done, see
Dasgupta, Prat, and Verar{@010).

This is a standard assumption in career concerns literature following from the classic paptabnstrom

(1999) andScharfstein and Steif1990). Self-knowledge (signals about the precision of agents’ own informa-
tion) plays a nuanced role in career concerns models. For exaAygls; and Chevalie(1999) show that, for

any given prior, there is a threshold precision of self-knowledge above which contrarianism (instead of con-
formism) arises. In contrasBasgupta and Prg2008) show that if the parameters are such that the manager's
reputation is helped more by showing that he received the ex post correct signal about asset payoffs than by
showing that he received a good signal about his own type, then, for any given precision of self-knowledge, for
sufficiently extreme (endogenously generated) timeors,conformism still arises at time
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Thegood trader observes a perfectly accurate siggak v with probability
1. The bad trader observes a purely noisy siggak » with probability%.7

Asin many signaling games, the presence of potential out-of-equilibrium ac-
tions can result in implausible equilibria supported by arbitrary
out-of-equilibrium beliefs. To ameliorate this problem, we assume that in every
periodt there is an exogenous probabiliye (0, 1) that the trader is unable to
trade, in which case he is immediately replaced by another tPatteeparam-
eterp can be as small as desirédvhenthe investor observes a manager who
does not trade, she cannot tell whether the manager was unable or unwilling to
trade.

Let h; denotethe history of prices and trades up to perto@xcluding the
trade that occurs &f). Let oy = E[v|h{] denotethe public expectation of
v. Finally, leto? = E[v|h,s = 0] ando} = E[o|h, 5 = 1] denotethe
private expectations af of a trader at who has seen signal =0ors = 1,
respectiely.

The proprietary trader selected tamaximizes the expected value of his
trading profits. Trading profity;) is given by

v—pt ifa=1
pP—v ifa=-1 1)
0 if ay = 0.

Xt

Fundmanagers are career concerned and care about investors’ opinions of their
ability. Investors observe their manager’s action, the history of trades, and the
liquidation value of the asset, and form a posterior probability (in equilibrium)
about his ability. For the manager selected ,athis posterior probability is
given by

yt = Pr[6 = gla, hry1,0]. 2)

The time-tmanager maximizes the expected value of the following linear com-
bination of his trading profitsy;) and his reputation ¢):

xt+ B, 3

wherep > 0 measures the importance of career concétise now proceed
to solve the model.

We are implicitly assuming equal average quality of information in the population of delegated and non-
delegated traders. This assumption simplifies the algebra without reducing the generality of our core message.

If this replacement trader is also unable to trade, he in turn is immediately replaced by another trader, and so on.

Having p > 0 guaranteethat non-trading occurs on the equilibrium path, and excludes pathological equilibria
where the monopolistic market maker can extract a very large surplus because non-trading is associated with
large off-equilibrium reputational penalties.

A microfoundation for this payoff function can be foundbasgupta, Prat, and Verar010).
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1.2 Equilibrium

As a benchmark, we first analyze the case in which 0, so that there are no
career concerns. In this case, it is easy to see that each trader lsuys it
andsells ifs = 0. The MM, in turn, sets prices to extract the full surplus with
the bid pricep? = o andthe ask pricep? = vi. We summarize:

Proposition 1. When # = 0, managers and proprietary traders trade as
follows:

—1if§ =0
| 1ifsg =1,

andthe market maker sets pricgg = v? and p? = of.

We now analyze the case in whigh> 0. Letw?{t = E[yi(a)|, ht] be the
expected posterior reputation of a manager who observes sigaatitakes
actiona;. This is clearly an equilibrium quantity and is useful in summarizing
prices wherp > 0. The following is an equilibrium of the game with> 0.

Proposition 2. There exists an equilibrium in which trades and prices are as
follows.
If selected at, a manager trades as follows:

(1) If oy > 3 thenay = _
0 otherwise.
-1ifs=0
(2) If oy < 3 thena; = _
0 otherwise.

If selected at, a proprietary trader trades as follows:

(1) If oy > § thenay = _

0 otherwise.
(2) If oy < 3 thena; = _

0 otherwise.

The market maker quotes the following prices:at

1) ov>3

ot =of +  (w} - w)

b_ .0
Py =v¢.
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(2) vt < 3

a 1
Py =g

=00+ 5 (0§ 0,).

The proof of this result is lengthy, and is presented in full detail in the ap-
pendix. Here, we comment on the main factors that drive the result. We focus

on the case in which; > 1. The intuition foro; < $ is symmetric'

Wheno; > % the market is optimistic about the asset payoff and the equi-
librium strategies prescribe that the manager \ita: 1 should buy, while the
manager withss = 0 should decline to trade. The equilibrium also specifies
that, in this scenario, the ask price is higher than expected liquidation value
conditional on a buy order, while the bid price is equal to expected liquidation
value conditional on a sell order.

Whenoy > % fund managers believe that there are reputational rewards
to be reaped (in equilibrium) from buying. Therefore, the fund manager who
receivesss = 1 wishes to buy this asset due to profit motivations and for repu-
tational reasons. Thus, he is willing to pay a price above the fair informational
value of the asset atin order to own it. The monopolistic market maker sees
this as an opportunity to extract rents, and sets the ask price strictly above the
expected liquidation value to make positive profits. The fund manager who
receivess = 0 wishes to sell for profit reasons but to buy for reputational
reasons. The price at which he would sell will be higher tbl{é,rWhiCh is the
highest price the market maker would ever be willing to pay him. Therefore,
this manager does not trade.

The market maker is indifferent between trading and not trading with pro-
prietary traders, because, conditional on wishing to trade, their asset valuations
coincide in equilibrium. The fund manager’s high willingness to pay when he
observes; = 1 drives the ask price above the expected liquidation value for
the most optimistic trade(rvtl). Proprietary traders would never wish to buy
at such high prices. On the other hand, as we have argued above, there is no
incentive-compatible price at which the market maker can buy from a fund
manager, so the market maker’s only trading counterparties on the bid side
are proprietary traders. The market maker is indifferent between trading or not
trading, and is thus willing to set a bid priceug, at which point the propri-
etary traders who receive sigreal= 0 are indifferent between selling and not
trading.

Could the market maker deviate to increase his profits? He would never wish
to make fund managers with = 1 change their behavior because he can al-
ready extract maximal surplus from these traders. However, as long as fund

Atot = % trades and prices specified as abovesfox % canalso be sustained as an equilibrium.
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managersvith s = 1 buy, it is also not optimal for him to induce fund man-
agers withs; = 0 to buy (as he would have to lower prices). Intuitively, the
market maker makes profits by “selling reputation” to fund managers. How-
ever, if he persuades all managers to always buy, there is no reputational benefit
to buying. In turn, the market maker cannot extract any positive rents from his
trades with fund managers, and therefore makes zero profits. It will therefore
generally be in the interest of the market maker to extract reputational rents
only from a strict subset of the group of fund manadérs.

1.3 Implications for Trading Behavior

The equilibrium derived above has precise implications for the trading behav-
ior of different types of traders. Fund managers never trade “against popular
opinion.” If their private information agrees with the public belief (for exam-
ple, ifs = 1wheno; > %), then they trade in the direction of the public belief
(e.g., buy whery; > %). If their private information contradicts the public
belief (for example, ifs = 0 wheno; > %), then they choose not to trade.
This implies that immediately following a sequence of institutional purchases
(sales), a fund manager will never choose to sell (buy) regardless of his private
information. The manager therefore exhibits herd behavior.

In sharp contrast, proprietary traders never trade in the direction of popular
opinion. If their private information agrees with the public belief (for example,
if & = 1wheno; > %), then they choose not to trade. If their private informa-
tion contradicts the public belief (for example sif = 0 wheno; > %), then
they choose to trade in a contrarian manner.

The contrasting behavior of fund managers and proprietary traders can be
explained as follows. Trading in the direction of popular opinion implies buy-
ing “too high” (because? > vtl wheno; > %) or selling “too low” (because
ptb < Dto wheno; < %). Fund managers are willing to do so because trading
in the direction of popular opinion is likely to enhance their reputation. Propri-

etary traders have pure profit-based compensation and face no career concerns.

They are, therefore, unwilling to trade at unfavorable prices. The willingness
of fund managers to trade at unfavorable prices, in turn, supports these prices.
The empirical evidence on institutional trading behavior shows that institu-

tional investors tend to herd, i.e., they trade in the direction of recent institu-
tional trades. Lakonishok, Shleifer, and Vishny (1992) show that the trades of
a sample of pension funds tend to be correlated over a given quarter, especially
among small stocks. Grinblatt, Titman, and Wermers (1995) and Wermers
(1999) examine larger samples of the equity holdings of mutual funds and

12 while the equilibrium analyzed here has many desirable and natural properties, it is not possible to exclude
the existence of other equilibria. This is a common feature of signaling models. For example, it is possible to
construct uninteresting equilibria with no trade by using carefully chosen off-equilibrium penalties for trading.
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find evidence of herding in small stocks. Sias (2004) finds stronger evidence
of herding behavior among institutional investors in the form of a significant
positive relation between the fraction of institutions buying the same stock over
adjacent quarters.

There is also evidence that non-institutional traders, i.e., individuals, tend to
trade as contrarians. Kaniel, Saar, and Titman (2008), for example, examine
NYSE trading data for individual investors and find that individuals buy stocks
after prices decrease and sell stocks after prices increase. Griffin, Harris, and
Topaloglu (2003) find evidence of short-horizon contrarian behavior by Nas-
dag traders who submit orders through retail brokers. Goetzmann and Massa
(2002) find that individuals who invest in an index fund are more likely to be
contrarians.

. Implications for Stock Returns and Trading Volume: Time-series
Properties

We now turn to our central goal of theoretically delineating the impact of in-
stitutional herding on long-term and short-term returns. In outlining the im-
plications of our model for the time-series behavior of returns, we divide our
results into three distinct categories. In subsec®idn we delineate the condi-
tions under which institutional herding is positively associated with short-term
returns and negatively associated with long-term returns. In subsetfion

we describe how the relation between herding and future returns varies as a
function of the parameters of the market and the length of the instutional herd.
Finally, in subsectior2.3, we delineate the implications of our model for the
link between trading volume, mispricing, and momentum.

We emphasize that our time-series results are tightly intertwined with cross-
sectional predictions. The unifying theme for the majority of our results is that
the market for the asset must have a sufficient number of fund managers (i.e.,
n must be large enough). In our model, mispricing is driven by the contractual
incentives of delegated portfolio managers and is partially offset by the trading
behavior of proprietary traders. For mispricing to be evident on average in the
data, there must be enough fund managers trading the asset as a proportion of
all traders. Therefore, for each time-series prediction that requires a minimal
n condition, our model yields an associated cross-sectional prediction: In a
cross-section of assets, the link between herding and stock returns is stronger
for those assets that are traded by a higher proportion of portfolio managers.

Throughout Section 2, we focus on the upper half of the public belief space,

i.e., when we make statements about timee assume that > % All results

are symmetric for the case whese < % At this stage, it is convenient to
introduce some new notation. We denote the expected value of the argument
conditional on all information available at tinheincluding the trade at timg

by E; (-). For example, in terms of our older notatidf: (v) = vt41. In other
words, v¢ is the public prior onv before the period actions are observed,
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while E; (v) is the public posterior immediately after the peripédctions are
observed.

2.1 Conditions for the Link between Herding and Stock Returns

Suppose that there has been a sequence of several institutional buys up to and
including timet. The econometrician observes the buy sequence ex post in the
data. She is interested in how the most recent transaction piged]ates to

a The asset’s long-run value, measured by the expected liquidation value
given the information available through timheE; (v).

b Theasset’s short-run value, measured by the expected transaction price
in the next periodE; (pt+1)-

Correspondinglyupon observing equilibrium data ex post:

a If E; (v) — p? < 0, the econometrician concludes that institutional herd-
ing negatively predicts long-term returns. Thus, institutional herding is
associated with long-term reversals.

b If Et (pt+1) — p? > 0, the econometrician concludes that institutional
herding positively predicts short-term returns. Thus, institutional herding
is positively associated with returns in the short term.

We can specify the conditions under which the econometrician would reach
each of these conclusions. Long-term reversals are immediate. Since the trade
att is a buy order (the final trade in the observed buy herd), we know that
Et () = v41 = of, and we also know thapd = vl + B (wi(vr) — w§ (vr)),
wherew? (v;) — wd (vy) > Oforanyv; > 3. Thus, institutional herding always
negatively predicts long-term returns.

The link between herding and short-term returns requires further analysis
because the next-period transaction may occur either at thefagwhich
is higher thanp?) or at the bidptb+1 (which is lower). Since, forkE; (v) =
Dt41 > % institutions buy and proprietary traders sell at timel, the expected
transaction price at + 1 will be higher than the transaction pricetatvhen
there are enough institutional traders in the population §.&s high enough).

To summarize:

Proposition 3. Institutional herding always negatively predicts long-term re-
turns. For large enough, institutional herding positively predicts short-term
returns.

The empirical literature on institutional herding generally documents a pos-
itive association between herding and returns at short horizons. In particular,
Wermers(1999) andSias (2004) find that stocks that institutions herd into
(and out of) exhibit positive (negative) abnormal returns at horizons of a few
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quarters-3 Whenexamining the long-term impact of institutional herding, how-
ever, some recent studies find evidence of a negative association between in-
stitutional trading and long-term returns. For example, Dasgupta, Prat, and
Verardo (forthcoming) analyze the long-term future returns of stocks that have
been persistently bought or sold by institutions over several quarters. They find
that, in the long term, stocks persistently bought by institutions underperform
stocks persistently sold by them. Evidence of long-term return reversals associ-
ated with institutional trading can also be founddoval and Stafford2007),
Frazzini and Lamon¢2008), Gutierrez and Kelley2009), andBrown, Wei,

and Wermer$2009).

2.2 Economic Importance of the Link between Herding and Stock
Returns

In this section, we analyze the economic importance of the link between insti-
tutional herding behavior and future stock returns. As shown in the previous
section, an institutional buy sequence has a positive impact on short-term re-
turns and a negative impact on long-term returns. We examine here the mag-
nitude of the positive expected return in the immediate aftermath of the buy
sequence and the magnitude of the negative return in the long run. Specifi-
cally, we ask how short-term and long-term returns change as a function of the
parameters of the model, and how they vary with the length of the herd, i.e.,
when institutional herding becomes more persistent over time.

We begin with the long-term return, which we measure as follttvs:
Et (v) — pf
T )
NotethatL T R is a measure for the degree of mispricing at tim@Ve relate
the long-term return to two crucial quantities; (v) and . These quantities
have a natural economic interpretation. The paramgt@easures the weight
placed by institutional traders on their reputation. Interpreted literg{lyy) is
ameasure of the market’s level of optimism about the liquidation value of the
asset conditional on the tradetatt also has an alternative, equally instructive
interpretation. Since a longer sequence of consecutive institutional purchases
increases the market’s level of optimism about the expected payoff of the as-
set, starting with any arbitrary prioe( % so that institutions are willing to
buy), E; (v) varies one-for-one with the length of the sequence of institutional
purchases up to and including peribdlhus, E; (v) is also a measure of the
length of the institutional buy sequence.

LTR = | @

Otherpapers finding evidence of a positive correlation between institutional demand and future returns include
Nofsinger and Sia$1999), Grinblatt, Titman, and Wermerd 995), andCohen, Gompers, and Vuolteenaho
(2002).

Notethat becaus&t (v) — p{" < Oforoy > % it is convenient to define the long-term return in terms of the

_ 2
absolute value o&ﬁaﬁ.
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Proposition 4. The magnitude of the negative long-term return following an
institutional buy herd is higher when institutions care more about their reputa-
tion and when herding is more persistent. Formdlly, R is increasing ing
andE; (v).

This indicates that the degree of reversal in long-term returns following an
institutional buy sequence is higher for stocks that are traded by institutional
managers with stronger career concerns. Furthermore, the degree of reversal is
higher when institutional herding behavior is more persistent over time.

The first result is a new, testable prediction implied by our model. The link
between career concerns and long-term return reversals associated with institu-
tional herding has not been explored in the empirical literature. While several
studies on the effects of contractual incentives in the mutual fund industry fo-
cus on the link between the performance of mutual fund managers and their
risk-taking attitudes (Brown, Harlow, and Starks 19@®evalier and Ellison
1997, 1999), there is no direct evidence on the impact of career concerns on
the prices of stocks traded by career-concerned managers.

The second result finds support in the research of Dasgupta, Prat, and Ver-
ardo (forthcoming), who show that the degree of asset mispricing (measured by
the magnitude of long-term return reversals) is larger for stocks characterized
by a longer sequence of institutional buying or selling. They estimate a sig-
nificantly negative relationship between future two-year stock returns and the
number of consecutive quarters during which institutions buy or sell a given
stock.

Next, we turn to the short-term return, which we define as follows:

Et (pt+1) — pf
pf '
We can now state two relevant properties of the short-term return.

STR = (5)

Proposition 5.  The magnitude of the positive short-term return following an
institutional buy herd is higher when there are more institutional traders and,
for assets with sufficient institutional trade, declines as herding becomes more
persistent. Formalh§ T R increasesn » and, for high enough, decreases in

Et (1))

This indicates that the positive short-term return following an institutional
buy sequence is higher for stocks characterized by higher institutional trading.
Moreover, as institutional buying becomes more persistent over time, the mag-
nitude of the expected short-term return decreases. This is the opposite of what
happens with long-term reversals.

The first result can be indirectly related to the evidence on herding and short-
term returns documented in Wermers (1999) and Sias (2004). Both papers find
a positive correlation between the fraction of institutions buying a stock in a
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given quarter and the stock’s returns in the following one or two quarters. Sias
(2004) shows that the correlation between current herding and future short-
term returns is higher when herding is measured among stocks having a mini-
mum number of institutional traders (e.g., at least 5, 10, or 20).

The second result in Propositi@n which links the positive association be-
tween herding and short-term returns to the persistence of institutional trading,
represents a new, testable prediction generated by our model.

2.3 Trading Volume, Mispricing, and Momentum
On the basis of the implications generated by our model, we are able to analyze
the link between market acivity, mispricing, and return continuation. Taken
together, these additional results constitute a rational “institutional” channel
to further our understanding of some relevant interrelationships in financial
markets.

We find that high trading volume characterizes episodes of increasing mis-
pricing. In contrast, reductions in mispricing are associated with less-active
markets. We measure mispricing by the long-term return metric introduced in

subsectioR.2,LTR = E‘—(”g‘;—p‘a‘. Consider an asset that has been purchased

att wheno > % Given the previous analysis, it is clear that this asset is mis-

priced att. We then ask how the degree of mispricing changes as a function of
trading volume at + 1. Definel; 11 = |ag11], i.€., the measure of trade volume
att + 1. We can now state:

Proposition 6. In asset markets dominated by institutional traders, high trad-
ing volume is associated with increasing mispricing. Formally, (LFTR 1 >

LT R|lt+1 # 0) isincreasing iy and converges to 1 as— 1; (ii) For high
enoughy, li41 = Oimplies thatLT R41 < LT R.1°

The intuition for this result is as follows. Mispricing, as measured by the
expected long-term return obtained from purchasing the stock, is increasing in
the market’s belief about the liquidation value. When the market is optimistic,
trades can come from either optimistic fund managers or pessimistic propri-
etary traders. The former indicates that the manager has positive information,
making future managers even more keen to buy, thereby exacerbating mis-
pricing. The latter reveals that the proprietary trader has negative information,
making fund managers less keen to buy in the next round, thereby ameliorat-
ing mispricing. Asy grows, the probability of the former event increases. By
the same token, the absence of trade in a given period may imply that a pes-
simistic manager or an optimistic proprietary trader chose not to trade. If the

We note that the asymmetry between parts (i) and (ii) of the proposition is due to the fact that in the latter case,
lt4+1 = O uniquelypins down the actioa; = 0 (no-trade)whereas in the former cade, 1 # 0 allows for two
possible trades with different impacts on the long-term return.
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marlet interprets a no-trade as the former case, the level of optimism falls; if it
interprets a no-trade as the latter case, the level of optimism risesgisvs,

it is more likely that a no-trade is caused by the inactivity of pessimistic man-
agers. Therefore, for assets dominated by institutional traders ghiade is
typically associated with increasing mispricing, while a lack of trade is associ-
ated with corrections.

Evidence on the link between trading volume and mispricing can be found in
studies showing that high turnover predicts future return reversals (see, for ex-
ample Brennan, Chordia, and Subrahmanyam 1@@®iDatar, Naik, and Rad-
cliffe 1998). There is also evidence that, on days of large market movements,
stocks mostly owned by institutions are characterized by higher turnover and
larger future reversals in returnBénnis and Strickland 2002 In terms of
the time-series predictability of trading volunigaker and Steif2004) find a
negative association between NYSE turnover and market returns over the sub-
sequent year. Finally, a number of papers document a strong cross-sectional
association between abnormally high share turnover and overvaluation, partic-
ularly during the technology bubble (see, for exam@dek and Richardson
2003; Lamont and Thaler 2003ochrane 2003; aniiei, Scheinkman, and
Xiong 2009)7

Othertheoretical papers also find a link between trading volume and mis-
pricing. Scheinkman and Xiong (2003) develop a model of speculative trading
in which overconfidence generates disagreement about fundamental values,
and investors buy overpriced assets believing that they will be able to prof-
itably sell them in the future, which generates a link between overpricing and
volume.Gervais and Odeaf2001) present a model of overconfident traders in
which trading volume is higher after market gains because of higher overcon-
fidence. In contrast to these papers, our model is fully rational, and revolves
around the incentives of institutional traders in linking volume and mispric-
ing. Moreover, our framework links trading volume to mispricing in general:
Episodes of underpricing are also characterized by high trading volume.

Our equilibrium returns are characterized by momentum for stocks with
high institutional trading. When the market is optimistic about the asset’s fu-
ture liquidation value, an asset with sufficient institutional trading that has
been increasing in price betweenr- 1 andt (so that it is a “winner” in the
short term) is expected to continue to have a positive return bettveen

However,Nagel(2005) finds that the link between abnormal turnover and return reversals is stronger for stocks
with low institutional ownership.

However, the evidence on the relation between trading volume and returns does not reach uniform conclusions,
as the results often vary with the measure of trading volume adopted or with the estimation frequency. For
example Avramov, Chordia, and Goy2006) document large reversals for high-turnover stocks when returns
are measured weekly, but they find that reversals are stronger for low-volume stocks when considering monthly
returns.Connolly and Stiver§2003) document that the weekly returns of a portfolio of large U.S. stocks exhibit
reversals following a period of low abnormal turnover (see @lsoper 1999
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t + 1(i.e., on average it remains a “winner” in the next period). This is almost
immediately evident from our previous analysis. To be precise, sup»pos%
andrtt—1 > 0 (because the asset was boughjathen, PropositioB implies
that E¢(ret+1) > O if # is high enough® Our model implies higher momen-
tum for stocks with higher institutional trading. This theoretical result can be
viewed in light of the extensive evidence of momentum trading by institutions
(see, for exampleGrinblatt, Titman, and Wermers 1998/ermers 1999and
Sias 2004). A recent paper that also provides an institutional theory of momen-
tum isVayanos and Woolle{2008).

Our model also predicts co-movement between return momentum and trad-

ing volume because both are affected by the presence of institutional traders.

Informally, considern; > % and take a stock that has been bought, ato
thatri_1¢ > 0. Proposition3 tells us that short-term return continuation from
periodt to t + 1 is achieved when there are enough fund managers in the
population of traders. Propositiértells us that the expected short-term return
betweent andt + 1 is increasing in the proportion of fund managers. Note
that a trade can occur at+ 1 only if a manager with signa = 1 is selected

to trade, or if a proprietary trader with sigrel= 0 is selected to trade. Oth-
erwise, there is no trade. Sinog;; > 3 (becauser > 3 andthere was a
purchase df), the probability of any trader receiving sigrsal1 = 1is greater
than the probability of receiving signsl.; = 0. Thus, the overall probability

of trade increases with the presence of fund managdefsereforeamong the

set of assets that have experienced price appreciation betwdeandt, those

with high institutional trading will experience high (and positive) return con-
tinuation and high expected trade volume, while those with low institutional
trading will experience low (and even negative) return continuation and low
expected trade volume. Thus, we can state that

Proposition 7. A high degree of return continuation is associated with high
expected trading volume. Formally,rif_1+ > 0 andoy > % , high (low) 7
implies high (low)ST R andhigh (low) expected trade volume.

This implies that, without controlling for the degree of institutional trade/
ownership, it is possible for an econometrician to conclude that high-volume
stocks experience a high degree of return continuation. As return continuation

We emphasize that our results on return momentum are conditional on the state of the market’s beliefs about
the asset’s liquidation value. For example, it is not necessarily the case that for%, one-period winners

expect to remain one-period winnersyifs high enough. This is becausenif < % buy orders can come from
proprietary traders. This raises the price betweerl andt, but if 7 is high enough (except in the special case
wherev 1 > % even thoughit < %),the next trade is most likely to come from a manager, andwifh < %
themanager can sell only if he trades, thowering (not raising) prices.

Formally, the probability of trade atis 7 Pr(st;1 = 1|ht41) + (1 — #) Pr(s4+1 = Olht41), which is increasing
innforogyg > %
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is realized only if a fund manager is selected to trade (and he obsgpes
1), we could have alternatively expressed the above proposition in terms of the
probability, rather than the degree, of return continuation.

This result relates to the empirical evidence of a positive association between
trading volume and momenturhee and Swaminathaf2000), for example,
find that portfolios of stocks characterized by higher trading volume tend to
exhibit higher momentum over a period of six months in the future. Llorente
et al. (2002) focus on individual stocks and show that trading volume has a
positive impact on the autocorrelation of daily retuffis.

3. Discussion

In this section, we discuss some of our crucial assumptions and describe an
alternative model without monopolistic market makers that generates similar
qualitative results.

3.1 Monopolistic market makers

In our baseline model, we have assumed that market makers have monopoly
power. In this subsection, we discuss the content of this assumption. In a stan-
dard trading model like Glosten and Milgrom’$985), all traders pursue the
same objective: They maximize expected returns. In our setting, the situation
is very different. Some traders have career concerns and private information
(fund managers), while their trading counterparties (security dealers) have no
career concerns and, as is standard in microstructure models, no private infor-
mation. One of our key results is that there may be a discrepancy between the
willingness of these two groups of traders to pay for the same asset.

If portfolio managers and dealers value the same asset differently, what price
will emerge in equilibrium? In general, we would expect the price to reflect
the valuations of the two groups according to their respective price elasticities.
Unfortunately, such a general approach quickly leads to intractability in the
context of dynamic trading models. We are left with two extreme alternatives:
Either portfolio managers have all of the bargaining power (this would arise,
for example, if dealers were competitive, as they ar€liosten and Milgrom
1985) or dealers have all of the bargaining power (for example, the dealer is a
monopolist). In the former case, the price will correspond to the valuation of
dealers and our model will yield the same prices as the Glosten and Milgrom
model. In the latter case, prices correspond to the valuations of portfolio man-
agers. Reality falls somewhere between these two extremes, and we would ex-
pect prices to partly incorporate the willingness to pay of institutions. However,
this means that, in a reasonable model where the dealer and portfolio managers

20 The authors develop a model in which investors trade for hedging or for speculative motives, and show that
trading generated by speculative motives is characterized by return continuation. For a model of volume and
momentum based on differences of opinion, deag and Steir2007).

909

2102 ‘/ JOWSAON UO SIILLIOUOJS JO [00YdS LUOpUOT Te /BI0'S euIno pio xos i/ :dny woJj pepeojumoq


http://rfs.oxfordjournals.org/

21

22

TheReview of Financial Studies /v 24 n 32011

sharethe bargaining power (for example, the dealer is imperfectly competitive
but not monopolistic), we would expect prices to display the properties that
we discuss here. As we have indicated in the introduction, the empirical evi-
dence points to a degree of market power on the part of security dealers.

More generally, even with a perfectly competitive market-making sector,
qualitatively similar price patterns can arise in the presence of alternative nat-
ural frictions. To emphasize the robustness of our results, in subs&cfiare
briefly analyze a model with competitive market makers who are risk averse
and therefore face inventory costs of market making.

3.2 Inventory Costs Model

Consider a setting in which the market maker is competitive but risk averse,

so that he faces inventory costs for market making. To what extent would our

qualitative results hold up in such a modified environment? This section shows
that, with some caveats, we would expect to see similar qualitative predictions
for the relationship between net institutional trade and both short-term and

long-term return predictions. We consider a model identical to the one used in

the baseline case above with the following modifications. We make the mar-

ket maker a competitive, linear mean-variance optimizer. We assume that the
market maker myopically derives payoflxW|7") — AV ar(W|7"), whereW

is the market maker’s terminal wealth a@forepresents his information sét.

We can show that as long as the importance of career concerns is sufficiently
high and when public beliefs are not concentrated close to 0 or 1, the trading of
fund managers in this modified model is identical to that in the baseline model.
To state the formal result, we need to introduce some additional notation. De-
note the inventory owned by the market maker after hiskeripy I, . Denote
the history induced by a buy (sell) order followihgby hip (hts).

Proposition 8. For anyo* < o(y, p),%? thereexists af* > 0 such that for
£ > p* thefollowing strategies constitute an equilibrium.
The fund manager trades as follows:

0 otherwise.
-1ifsg=0

(1) ifor € [%,v*),thenat = {

2) for e (1—0*, 1), thena =
@ ‘ ( 2) [ 0 otherwise.

The use of myopic mean-variance optimization as a modeling tool is quite common in the literature (see, for
example Acharya and Pedersen 20@ndHong, Scheinkman, and Xiong 200&mong many others). At sub-
stantial algebraic cost, which would distract us from the main purpose of our model, we could instead work with
quadratic utility, which would deliver non-linear mean-variance preferences with qualitatively similar implica-
tions.

o(y, p) is the unique solution tm)g (vt) — “’(1) (vt) =0, Wherewg (vt) andwfl’ (vt) areas in Propositior? (see
the proof in the appendix for more detail).
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) Ifor ¢ (L—0*,0*), thena; = Ofor all 5.

Themarket maker quotes the following prices following any history
p? (h) =of + 4 (1= 2ln,) Var (v]hip)
p® (hy) =00 — 2 (14 21p,) Var (v]hts) -

Notethat whenlp, < 0 (I, > 0),i.e., when net trades to the market maker
have been positive (negative), both bid and ask prices are above (below) the ex-
pected liquidation value. The basic mechanism is intuitive. As fund managers
with positive information buy from the market maker, he faces a risky negative
inventory and raises the prices at which he is willing to sell to fund managers
above the informationally fair value. Recent purchases make fund managers
optimistic. Therefore, via the reputational mechanism of the baseline model,
they raise their valuation of the asset. Thus, those with positive information are
willing to purchase the asset at these high prices. The two caveats above—that
£ must be sufficiently high and that mustnot be too close to 0 or 1—are
very intuitive consequences of our modifications. Since the market maker is
competitive, prices reflect his valuations rather than the fund managers’. Thus,
when the market maker overcharges, the premium reflects his own preference
parameter.. To ensure that optimistic fund managers are willing to buy at such
premiums, their reputational concerns must be sufficiently strong.

Similarly, consider the case of the fund manager with signal 0. As in the
baseline model, when; > % selling is reputationally costly to him. He is
willing to sell only if the price at which he sells is high enough to offset this
reputational cost. Unlike in the baseline model, in this modification, the mar-
ket maker is willing to bid a premium price for the asset because he wishes to
balance his net short inventory. However, as long as the reputational concerns
are sufficiently important, the premium offered by the market maker is insuf-
ficient to offset the reputational cost and this fund manager prefers not to sell.
However, for extremely high; the nature of the equilibrium changes. At this
point, a fund manager with= 0 may actually prefer to buy because, unlike in
the baseline model, the ask price of the market maker does not vary one-to-one
with the expected reputational benefit received by the fund managers. If both
s = 0 managers ansl= 1 managers wish to buy, then there is no reputational
benefit from buying and no reason for the managers to trade with the market
maker. Therefore, for sufficiently high, a natural continuation equilibrium
has fund managers not tradifg.

Ona more technical note, it is easy to see ffrats increasing in*; i.e., in order to support conformist behavior

over larger ranges of public belief, it is necessary to have largér Numerical computations show that the
range of beliefs over which conformist trading behavior can hold is quite large for reasonable parameter values.
For example, wity = 0.5andp = 0.01, o = 0.76, i.e., the behavior of the baseline model is replicated for
public beliefs between 0.24 and 0.76.
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As the above discussion makes clear, assets are overpriced when the market
maker holds negative inventory and they are underpriced when he holds pos-
itive inventory. Since the market maker’s inventory reflects the trades of fund
managers, his inventory becomes negative (positive), on average, only when
fund managers buy (sefff. Thus,persistent institutional buying or selling will,
on average, be associated with return reversals at hofizerl. By the same
token, persistent institutional trade will, on average, be associated with short-
term return continuation (because the only traders are fund managers and they
are conformisty>

Conclusion

This article presents a simple yet rigorous model of the price impact of insti-
tutional herding. While the well-known model of Scharfstein and Stein (1990)
shows that money managers may herd because of reputational concerns, there
is no prior systematic theoretical analysis of the price impact of institutional
herding. At the same time, there is a significant body of empirical literature on
the price impact of institutional herding. This literature concludes that insti-
tutional herding positively predicts short-term returns but negatively predicts
long-term returns. Therefore, the empirical literature suggests, intriguingly,
that institutional herding is stabilizing in the short term but destabilizing in
the long term.

Our article provides a theoretical resolution for this empirical dichotomy.
We analyze the interaction among three classes of traders: career-concerned
money managers, profit-motivated proprietary traders, and security dealers en-
dowed with market power. The interaction among these traders generates rich
implications. First, we show theoretically that money managers tend to imitate
past trades (i.e., herd) because of their reputational concerns, despite the fact
that such herding behavior has a first-order impact on the prices of the assets
that they trade.

Second, we formalize the relationship between institutional herding and re-
turns in our main set of results. We show that assets persistently bought (sold)
by money managers trade at prices that are too high (low), thereby generating
return reversals in the long term. We also show that, when there are enough
institutional traders, our equilibrium generates a positive correlation between

The qualification “on average” is inserted for the following reason: Since non-trades are informative as well,
with low probability (sincesy = 0is more likely thanss = 1 whenot < %) a situation can arise whetg, > 0

(therehave been more sales than buys)dut % (becauseéhere is a long enough sequence of no trades, which
does not affect the market maker’s inventory). Howegaraverageinstitutional buying will be associated with
Ihy <O.

For brevity, we have stated the inventory costs model without including proprietary traders (implicitly setting
n = 1). As a result, we did not need to requijeo be high enough to generate short-term return continuation.

It would be notationally complex but conceptually straightforward to add proprietary traders. They would be
contrarians, as in the baseline model (since they never would buy above or sell below expected liquidation
value), and thus in their presence we would ngéalbe high enough to generate short-term return continuation.
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institutionalherding and short-term returns. Our analysis, therefore, provides a
simple, stylized framework for interpreting the empirical evidence on the price

impact of institutional herding, which shows that herding has a stabilizing ef-

fect in the short term and a destabilizing effect in the long term.

Finally, our model generates a number of new empirical predictions that link
herding behavior, trading volume, and the time series of stock returns. We show
that in markets dominated by institutional traders, increasing mispricing is as-
sociated with high trading volume. Furthermore, conditional on institutional
herding, our model can generate momentum. Finally, momentum in stock re-
turns is associated with high trading volume. Some of these predictions are
supported by existing empirical findings. Others represent potential directions
for future empirical analysis.

Appendix: Proofs
Proof of Proposition 2. We demonstrate the proof for the case in whigh> % The case for

vt < % is symmetric.
Fund manager’s strategyVe begin by computing some equilibrium posteriors.

w% =Pr(glv =1,a=1)Prw=1s=1)+Pr(glv =0,a=1)Pr(v =0|s=1)

2y 1
= of, Al
1+y " (A1)

wé =Pr(glv =1,a=0Pr(v =1s=1)+Pr(glo =0,a=0)Pr(v =0|s=1)

- 2py 1 2y 1
~ 2py +(1+p)(1—y)”‘+2y+(1+p>(1—y)(1 o), (A2)

because

Pr(a = 0|g, v) Pr(g|v)

Priglo. a=0) = 5 = 0ig.0) Pr(giv) + Pr(a = Ob. v) Pr(bio)

_ Pr(a=0|g,v)y
~ Pr@=0|g,0)y +Pr(@a=0lb,v) (1—7y)

_ (p+ @ —p)Pr(s=0ig,v)) y
(p+@A=p)Pr(s=0lg,0))y +(p+ (L= p)Pr(s=0Ib,0)) (1 —y)

£l ifo=1
Py +(ﬂ+%(l—ﬂ))(l—7)
= (p+QA=p))y ifo=0

(p+A=p)y +(p+A-p)3) A7)

2py if o =
_| mFamas o=l 3)

2y if o =
w10 =0

Theexpressions fowg andw‘l1 areanalogous.
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Supposehe fund manager has received siggak 1. If he buys, he receives
l)tl -pd+ ﬂu)% = ﬂm(l). (A4)

If he does not trade, he also recei\/hsé. Finally, if he sells (an off-equilibrium action), we
assume that the investor believes that it was because he receivedssigndl, so thatwi 1=

a- otl)l%.26 Thus,the manager's expected payoff from selling is

ptb—vt1+/fw£l:u?—vll+[fw£l <[fw£l. (A5)

We show next thaiuil < wcl), which implies that the expected (deviation) payoff from selling is
strictly smaller than the expected (equilibrium) payoff from buying. Recall that

1_ 2y 1 2y 1k A6
" 2y+(%+1)(1—>’)vt+2y+(p+l)(1_y)( Ut). e

It is clear that fony > 1 atp = 0, w} = w! . We shall demonstrate that, fof > 3, w} is
increasingn p, which implies that fowt > 3 andp > 0, it must be the case that} > w? ;. To
do so, we take the derivative o;% with respect t

1

P8 5wy 2 of = : (1-o)
o (2y+(%+1)(1—y))2 L@+ erha-n)? t

N

(A7)
This expression is increasing nf- Whenevent > % it is clear thatutl > % Evaluating this
expression alitl = % gives

1 1
1-— - 0. A8
i V)((zyp+(1+p)(1_y))z (2y+(p+1)<1—y>)2)> *8

This establishes that;f1 < wé, and thus selling is dominated for the manager wgith- 1.
Supposeinstead, that the fund manager has received signa! 0. His payoff from buying
is o0 — pf + pwg, whichcan be rewritten as

(vto - Dtl) + B (wg - w%) +ﬂw(1) < ﬂwcl) < ﬂwg. (A9)

Thefirst inequality follows from the fact tha#) - utl <0 andw(lJ — w% < 0.To see why the latter

is true, note than? = %u? < lZTVyutl = wi. The final inequality follows from the fact that

2 2
0 YV 0 v 0
wH = vf + 1—o7), Al10
° 2y+(%+1)(1—y) t 2”+(l+p)(1_y)( t) o
while ’ )
1 7 1 %4 1
wy = i + 1-vf), (A11)
° 2y+(/%+1)(1—v) ' 2V+(1+p)(1_y)( t)

Thisis the “natural” off-equilibrium belief, which is robust to the presence of a small number of “naive” fund
managers who always trade sincerely.
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2y < 2y
2y+(%+1)(1_y) 2y +1T+p)A-y)

his payoff isﬁwg. Thus, buying is dominated by not trading.

andclearly ando? < v If the fund manager does not trade,

Finally, if the fund manager chooses to sell (an off-equilibrium action), then, as before, the

investor assumes (correctly) that the signal receivedsyas 0. Therefore the expected reputa-

tional payoff associated with selling nlst_’l = (l - DP) lZTyy His total payoff from selling is

ptb - 1)9 + ,Bwo_l = ﬂwo_l. (A12)

To show that selling is dominated by non-trading, we need to showuﬂ’ilk w8 for ot > %
For this, note thaw? ; andw areboth decreasing in;. We shall show thaw? ; < w§ ator = 3
forp > Oand thatog decreaseat a slower rate thamgl, which will establish the required claim.
For the first part, note that at = 5 andp = 0, w3 = w®; = 7, and foroy = 5 andp = 1,

wd = w0, = y. Then note that

1 1

ow? 3 3
5 =2 0=y : 500 - . 5 (1)
(2y+(%+l)(l—y)) (2y+(%+1)(1—y))
(A13)
Solvingthis for an optimum abt = % gives the following first-order condition
! 21—y_ 1 2(1—1_y)=0. (A14)
Cpy +QA+pA=-y)° 2 @ +(p+DHQA-y) 2

Thereis clearly only one positive solutioﬁ (y 242/—y24+1- 1). In addition, evaluating

) . 2 L .
the derivative ab; = % (sothato? = 15/ yandp = 0 gives Zﬁ > 0. Similarly, evaluating the

derivative at aby = 3 andp = 1gives-1y2 (1 —y) < 0.Thus, foroy = 3 andp > 0, we have
established thab91 < w8. Now we shall show thab8 decreaseslower thanuo_l. For this, note

0
ow .
= = 2 while
Ut

that p ~ T

awg _ 2y _ 2y
of 24 (2+1)a-y ZHAEHA-)

(A15)

This expression is increasing jn so the smallest it can be is at= 0, when it coincides with

01”61 = —%. Thus, the claim is proven. Therefore, it is optimal for the manager sith 0
Ul)t

notto trade.

Proprietary trader’s strategyConsider the proprietary trader who obsersies: 1. If he buys, his

payoff is

of = pf = of — ot = p (0} — w§) = —p (w} - wf) <o, (A16)

wherethe inequality follows from three observations: (i) as we established abxévie,increasing

in p forot > %; (i) for p =1, wtl) = y; and (iii) forot > % w% > y. If the trader does not trade,

his payoff is 0. If, instead, he sells, his payoff is

p[b - l)tl = l)to - Utl <0. (A17)
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Thereforejt is optimal for the proprietary trader not to trade.

Next, consider the proprietary trader who obserxes 0. If he buys, his expected payoff is
strictly smaller than that of the proprietary trader who obsesyed 1, which itself was negative.
If he does not trade, his payoff is 0. If he sells, his expected payoff is

-0l =0) -0 =0. (A18)

Thus,it is a best response for this proprietary trader to sell.
Market maker’s strategySince the market maker trades with proprietary traders at fair value, he is
indifferent to trading with them or not. The only question is whether the market maker can improve
the terms of trade with fund managers.

By using the equilibrium strategies, the MM can extract positive (maximal) surplus from
s = 1 fund managers but he gets zero surplus from interacting site= O fund managers.
Clearly, he would not wish to change the behaviogoE 1 managers.

We first show that as long @ = 1 managers buy, the MM will never wish to hase= 0
managersell with positive probability. In any putative equilibrium in which the= 1 managers
buy and thesx = 0 sell with positive probability, the posterior for non-trading is identical to the
original equilibrium posteriowg (becauseon-trading reveals that the manager either had signal
s = 0 or did not receive a trading opportunity). Similarly, the putative equilibrium posterior for
selling is identical to the “sincere” off-equilibrium belief used abom&l (becausesales in the
putative equilibrium identify the manager as having received signal 0). In order to sell with
positive probability, the manager wiah = 0 must at least weakly prefer selling to non-trading.
Denoting the bid price in this putative equilibrium W we can now write

=b

PP — ol + puly > pul. (A19)

This,in turn, implies that
ﬁ[b > vto +p (wg - wgl) > v? (A20)

becauseve have shown thabg > wo_l. However, bidding such a price can never be incentive
compatible for the MM, which rules out this possible deviation.

The only remaining alternative is that the market maker prices to inducespeth1 and
s = 0 managers to buy. We need to check that his profits in this potential deviation are smaller
than his (strictly positive) equilibrium profits. Suppose that the market maker prices to induce the
s = 0 manager to buy with probability e (0, 1], and to not trade with probability + a. The
expected reputational payoffs from buying in this putative equilibrium are as follows

~1 1 4 1 ya

= +(1- N A21
o (v‘y+§<1—y)(1+a) ( ”t)ya+%<l—y)(1+a>) (a2
70 = (DO ! + (100 ra ) (A22)
T\ oo at e Vet id-nata

Itis easy to see tha’ﬁ% > 1’58. Using a similar set of computations, the reputational payoffs from
not trading in this putative equilibrium are as follows

Py
pr+(p+a-pa-o3)a-y

g = ot (A23)
p+A=-p)A=-a)y

+(l—vtl) T ,
(p+A=pa-a)y +(p+A-pa-n})a-y)
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Py
pr+(p+a-pa-w3)a-»

p+A-p)A-a)y ‘
P+A-pa-a)y+(p+A-pa-n})a-y

(A24)

@8:0?

+(1_“t)

It is easy to see th&ﬁé < 17)8. Denote the revised ask price in such a putative equilibriurpgy

As the fund manager witly = 0 must weakly prefer buying to not trading, it must be the case

that
ﬂ@8§vt0— +ﬁw1, i.e., PR < of +ﬁ(w1—w8) (A25)
TheMM’s expected profit under the equilibrium strategy is
nPris = DR - of) = nPris = 1 (w] - ). (A26)
Define
TE = Pr& = 1) (w} - wé) : (A27)
TheMM’s expected profit under the putative deviation is
nPr& = 1P — o) + nPris = 0) (PR — vD)ar. (A28)
Define
7D (@) = Pris = 1R — o) + Pr(s = 0)(pf — v))a. (A29)

We show below thatp («) < =g for all « € [0, 1], which implies that the deviation is unprof-
itable for the MM. We first establish an upper boundms («). Sincepf < o + (138 - @8) ,
we have

7P < Priec = V0P + 4 (29 - 89) — of) + Prise = 0)of + 4 (29 - ) — vP)a
=Prg = 1) (vt - vt) +Pr& =1)8 (wl - wo) + Pr& =0)(8 (wl - @8))0!
<Prie = 1) (@ - 03) + Priae = 0)(8 (9 — 0§
= f(Pria = 1)+ Prig = 0)a) (@9 — @)
— BPr@ac = 1) (@2 - 17)8) . (A30)
Notethat

Wy —wgy =
+Pr(v=0J|st =0)(Pr(@ =glat = 1,0 =0;a) — Pr(@ = glay = 0,0 = 0;a))
(A31)

00 ( Pr(v=1ls = 0)(Pr(6 = glay = 1,0 = 1;a) — Pr(¢ = glag = 0,0 = 1; ) )
is strictly bounded above by

( Priv=1lag = 1) (Pr(¢ = glat = 1,0 = 1;a) — Pr(¢ = glay = 0,0 = 1;a)) )
. (A32)
+Pr(o=0Ola; = 1)(Pr(6 = glag = 1,0 = 0;a) — Pr(0 = gla = 0,0 = 0; )
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This is because, since managers wth= 1 also buy, Pr(v= 1jat = 1) > Pr(v = 1| = 0).
Expressiorn{A32) can be rewritten as follows

(A33)

Pr(v=1la; = 1)Pr(0 = gla = 0,0 = 1;)
Pr@ =glag = 1;a) — .

+Pr(v=0lat =1)Pr(® =glas =0, =0;a)

This gives us a strict upper bound ep (a) , whichwe define below as

UBp (@) = fPra = 1)

Pr(v=1la = 1)Pr(0 = glar = 0,0 = 1;)
Pr@@ =glay = 1;a) — . (A34)
+Pr(v=0Ola; = 1)Pr(6 = glay = 0,0 = 0;.01)

By adding and subtracting @ = 0) Pr(¢ = gla; = O; ), and through further manipulation, we
can write

UBp (o) =y —(Pr(v=1)Pr(@ =glas = 0,0 = 1;a) + Pr(o = 0)Pr(@ = glas = 0,0 = 0;)).

Claim 9
0
P [Pro=1)Pr(@ =glag =0,0 = 1;a) + Pro=0)Pr(® =glat = 0,0 = 0;a)] > O
o
(A35)
Proof of claim: Direct computations based on the expressions above show that
0 0
—Pr(@ =glat =0,0 =1;a) > 0, — Pr(@ =glag = 0,0 = 0;a) <O, (A36)
oo oo
and that
0 0
e Pr@ =glaa =0,0 = 1;a) + S Pr(@ =glat = 0,0 =0;a) > 0. (A37)
o [0

Since, forot > % by definition, Pr(v= 1) > % > Pr(v = 0), the claim is proven.
From Claim 9, it follows thatU Bp («) is decreasing inx, and is therefore maximized for
a = 0. Using expression (A32) gives

UBp (0) = A Pr(s = 1) (w} - wg) = rE. (A38)

Thereforezp (o) < =g for all « € [0, 1] as required.

Proof of Proposition 3. To check whetheE; (pi41) — pf > 0, wefirst restate the definition of
Et (Pr41):

1
Et (Pt+1) = T 1 PP (vtl+1 +5 (w%(vt+1) - wg (1>t+1)))
1 Pr1=1he 1)

1

1)0
1 Preaa=lihyy) 4t
1—1 PrG&+1=0Mt 1)

+ (A39)

Sincethere was a buy order &tog 1 > vt. Thereforepl, | + (11)%(1)t+1) - w} (1)t+1)) > pd.
0 1 0
However,o’, ; < pf (becausey 1 = of, and thuspf > oty 1, andogiy > vf, ;). Note that

P ETLaCas e ) isincreasing iny and converges to 1 as— 1, and—i P =TheD
1 P& p1=1he 1) I-n Pr641=0Nt +1)
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is decreasing iy and converges to 1 as— 0. Thus, there existg € (0, 1), such that for; > 7,
Et (Pr+1) — pf > 0.

_aa
Proof of Proposition4. For the case whemg > % LTR = —"‘L’l)taﬁ =1- ’ipt*z;%

The comparative static with respect fois immediate, sincg? increasesn 4 while vy 1is
unafected byg.
The remaining goal is to show thifl R is increasing irt 1. Observe that

1 1 1 1 1 1
btg1— P2 B i —vp — p (U)l(l)t) —wy (l)t)) s (701(1>t) — wg (nt))

LTR =

a b
Pt ot +p(vien—wen) ot +p(wien —wie)
(A40)
sothat - = 1+ 1 ob 1+ 1 f, wheref = s easy to see
TR P (wlon—uhen) p (wieo-uwdwn)
that
2y
i _ 2y _ 2p)’ + 2)’ _ 2y+d+p)A—y) (A41)
fl+y 20 +A+p)A=-y) 2y +QA+p)-7y) of ’

whichimplies that% isincreasing imtl, so thatL T R is increasing in)t1 = 0t41-
Proof of Proposition5. The comparative static relative ds immediate. Increasingincreases
Et (pry1) withoutaffecting p.

For the remainder, we are trying to show th%%ﬂ isdecreasing imt 1 = utl. Since
p is increasing i, a sufficient condition is the; (pry.1) — pf is decreasing im. We prove

that this is true for large enough
First, note thab!, , — v is decreasing ind:

t+1 7
1 1
(1"1‘)’)1)1 Ul 1_Dt
Dtl+1 - vtl =277t utl = ZyM (A42)

_2yvtl+l—y 1—y+2yvtl.

1

This is clearly decreasing fcmstl > 3 sincethe numerator is decreasing in this range and the

denominator is always increasing. Let

1
f(l)t+]_, '7) = ﬂ Pr(sH_1=0|hH_1) . (A43)
- Pregp1=1hey1)
Then,
Et (Pt41) — pf
1 1 a

a 0
l —_ —_
14 L1 Pr6&1=0lhe41) Prost 14 1o Pr6esa=Olhey1) Utr1” Pt
n Prigq1=1ht11) n Prgp1=1lht11)

= f 1. WPy + (1= f g1, m) 02, — PR

= f(ot41, ma(vt41) + (1= o141, M) b (vt41) (A44)
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wherea (v11) = p,; — pf andb (vt41) = vt+1 p2. Now,

8
5 (Tt ma ) + (1= F o1, ) b (or41))
t+1

= fuoy1 @0t41, WA (0t41) + f0r41, A (0141)

— for g Ot 1, WP (0t41) + (L= For41, M) ' (041)

f(ot41, WA (0t41) + forpq Ot41, 1) (@ (0141) — b (vr41))

+ (1= for41, M) 0 (0141) - (A45)

It is obvious thatf (vt41,7) > 0, f(vi41,7) — 1asy — 1; anda(vi41) — b (ve+1) and
b’ (vt41) arebounded. We show below that @ (vt41) < 0; and (i) ., (0141, — O

asy — 1. Therefore, for large enough the second and third terms become arbitrarily small,

and the first term is negative and becomes large in absolute value, meaniig (Ipm,l) - pf

decreases vty 1.
To see that (ii) is true, observe that sincésPry = 1lhy41) = yot41 + 1%7

0 1

for 1 @ )=
t+1 Ot+1, 11 —
9vt+1 14 1=n 1—/"t+1—T

” /’)t-+—1Jr

. n(1—n)
(y — 20y — 2y n+ 4oy n+ 1)2?

— Oasy — 1.
To establish (i), we observe that
a(ver1) = Py —
=oy1 + 8 (0} 01 — 0§ (o142)) = of = (w0 — w @0)
= (vt1— o) + 8 (vi0rr0) = wien) + 8 (w0 - wiEr)
= (vt —od) + AT (oha —od) +
Pr(glo = 1,a = 0)vl + Pr(glo =0, a_0)( —ut)
~Pr(glo = La=0)ol,, —Pr(gl = 0,a=0) (1— 1)t1+1)
1+ pEL+

2y _ 2py ) s (A46)
2y+(1+p)A—=y)  2py+T+p)T—y)

:(”tl+1_ut1) ﬂ(

which is clearly decreasing int 1 sincev, ¢

2y 2py
b (s - 77 +<1+p)(1—y)) > 0.

— of is decreasing ityq, and 14 ﬁm +

Proof of Proposition 6. Sincevt1 > % if there is a trade, there are two possibilities: Either
a manager was selected to trade andy = 1, in which casea; 1 = 1and sovtyp > vi41
andthusLRT41 > LRT; or a proprietary trader was selected to trade §ad = 0, in which
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casea;y] = —1 and sovy4p < vpyg andthusLRT 41 < LRT. Conditional on a trade tak-

ing place, the probability of the former eventis IPrE = l|)i11:1ris)[i(ll lrl;]‘;,’rg”l_o'ht nE whichis

increasing iny (and converges to 1 as— 1). In contrast, the probability of the latter event is

(—n) Pris41=0lht11) i ey
P& =1 D+ (-7 P& 1=0lsD) * whichis decreasing iy (and converges to 0 as— 1).

In other words, conditional oh # 0, asy increases, the probability thatRT 1 > LRT; in-
creasesnonotonically. If there is no trade, there are also two possibilities. Either a manager was
selected to trade arsg; ;1 = 0, or a proprietary trader was selected to trade gd = 1. Condi-

7 Pr41=0I"t41)
tional on no trade, the probability of the former ever',y.,gr(st+1 Ot +1)+T—7) Pr&+1=1lhty1)°
which s increasing iry (and converges to 1 as— 1). In contrast, the probability of the latter
; A—n) Prgr1=1ht41) P P,
event 'SnPr(Si+1=0Iht_+1)+(l—f7) Pr& 1= D) whicri |s.decreasrn.g in (and converges to 0 as
n — 1). Thus, conditional ol = 0, vt is decreasing iny. Conditional on no trade, therefore,

for n large enoughyt 42 < vt41 andthusLRTi4 1 < LRT.

Proof of Proposition 8. We write the proof fomt e [% v*] andot > o*. The cases font €
[1 —v*, %) ando; < 1— »* aresymmetric.
Considerwg andw? asdefined fort > % in the proof of Propositio&. Note that fony = %
wd > wd, for vy = 1, w3 < w?, wY is strictly decreasing imt, andw is strictly increasing in
vt. Defineo(y, p) as the unique solution tmg (vt) — wg (vt) =0.
Consident € [%, v*]. Note that since equilibrium strategies for fund managers are identical

in this region to those in the main proposition fqr> 5, all expected reputation terms; in the
proof of Propositior? are unchanged and we can reuse their properties.

First, consider the manager wish= 1. The manager’s payoff from buyingms@L p2(ht) +
/)’wl From not trading the manager gmo From selling, he getgP (ht) —ut +[)’w 1- Note

also thatw% > w(])' > w_l. The incremental payoff from buying versus not trading is

I)tl — pq(hy) + ﬁw]l_ - ﬂwé
=i — (utl 47 (1=2Ip,) Var (ulhtb)) ny (w} - wé)

—J (1= 2lp,) Var (olhg) + A (w% - u)(l)) . (A47)

If I, < O, thefirst term is negative and the second term is positive sins%e u)é > 0.Clearly, as
long asp is large enough (say > f1), the second term will dominate and the manager will buy
rather than not trade. It,, > 0, then the first term is positive, making buying even more desirable
for a manager witlg = 1. The incremental payoff from buying versus selling is

of = p2(he) + puf — (P° (he) — o + puly)
= 1)11 - (1)tl + 4 (1 - 2|h1) Var (D|htb)) + ﬂu)%
(vt — 7 (14 21p,) Var @lhts) — of + pwl )

- (vll - u?) + [~/ (1= 2Ip,) Var (lhg)
+ 7 (14 2, ) Var (olws)] + £ (u)% - mil) . (A48)

The first and third terms are positive, while the second term is of ambigious sity ik 0.
However, if 8 is large enough (say > f2), the positive terms will dominate, and the manager
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will buy rather than sell. If,, > 0,the middle term is also positive, so the conclusion is reinforced.
Therefore, the manager with = 1 will always buy.

Now consider the manager with = 0. The manager’s payoff from buying v#’ — p2(ht) +
ﬁw(l). From not trading, the manager gﬁﬁ:g. From selling, he get;;b (ht) — vtO + ﬁwgl. The
incremental payoff from not trading instead of selling is as follows:

pwd— (° (o) = of + puy)
=4 (wg - wgl) + Uto - 1)»[0 + 2 (l+ 2|ht) Var (v]hts)
=ﬁ(wg—w91) + 4 (1+21p,) Var (o]hes) . (A49)

As shown in the proof of Propositiof, w8 > w91 for vt > % Therefore, the first term is
positive. The second term is negativedf < 0. However, forg large enough (sag > f3), the
positive term dominates evenlif, < 0. For Iy, > 0, the whole term is always positive. Thus,

the manager always prefers not to trade rather than sell. The incremental payoff from not trading
instead of buying is as follows:

/311)8 - (n? — pa(hy) + ﬂw?)

y (wg - w?) + (vtl - UP) +7(1=2Ip,) Var (olhyp). (A50)

By definition, since)* < i(y, p), there exists an > 0, such that foo < v*, w3 —w? > & > 0.

Thus, if I, < 0, this expression is positive. If,, > 0, the final term is negative, but fgt large
enough (say > B4), the positive terms dominate and not trading dominates buying.

Now considert > o*. In this region, equilibrium strategies prescribe non-trading, which
come with a reputational payoff of. Specify off-equilibrium beliefs that give the manager a
posterior of O if he trades in either direction. Then, because profits are boundgdafge enough
(sayp > pBs), he will not trade, regardless of the profits that may be associated with such a trade.
Now, setf* = max(p; fori =1,2,3,4,5), and letp > g*.

Finally, we complete the proof by writing down the market maker’s pricing rule. Suppose the
market maker has inventoty, andcash positiorCy, . If a trader offers to buy from him following
ht (inducinghistoryhy 1 = hyp), his inventory will change tdp, — 1. If he accepts this trade at
price p, his utility will be given by

Ch + P+ E[(Ing — 1) vlhep] — AVar [(In, — 1) vlhyp] - (A51)
If he does not trade, his utility will be
Chy + E[(Ing) vlhep] — AVar [(Ine) vlhep] - (A52)

Competitionimplies that he will trade at a price that makes him indifferent between trading and
not trading, so that the ask price is defined by

pe(ht) = E [vlhep] + 4 (Var [(In, — 1) vlhtp] — Var [(In,) vlhep])
=of + 7 (1= 2lp,) Var lh), (A53)

becausduy orders are generated by traders wgith= 1. The bid price is computed similarly.
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