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Abstract

What are the equilibrium features of a dynamic financial market
where traders care about their reputation for ability? We modify a
standard sequential trading model to study a financial market with
career concerns. We show that this market cannot be informationally
efficient: there is no equilibrium in which prices converge to the true
value, even after an infinite sequence of trades. This finding, which
stands in sharp contrast with the results for standard financial mar-
kets, is due to the fact that our traders face an endogenous incentive
to behave in a conformist manner. We show that there exist equilib-
ria where career-concerned agents trade in a conformist manner when
prices have risen or fallen sharply. We also show that each asset
carries an endogenous reputational benefit or cost, which may lead
to systematic mispricing if traders without career concerns possess
market power.
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1 Introduction

The substantial increase in the institutional ownership of corporate equity
around the world in recent decades has underscored the importance of study-
ing the effects of institutional trade on asset prices.! Institutions, and their
employees, may be guided by incentives not fully captured by standard mod-
els in finance. For example, consider the case of US mutual funds which make
up a significant proportion of institutional investors in US equity markets.
An important body of empirical work highlights the fact that mutual funds
managers (e.g., Chevalier and Ellison [12], [13]) and pension fund managers
(e.g. Lakonishok, Shleifer, Thaler, and Vishny [21]) both face career con-
cerns: they are interested in enhancing their reputation with their respective
principals and sometimes indulge in perverse actions (e.g. conformist portfo-
lio choice, window dressing) in order to achieve this. Given the importance
of institutions in equity markets, it is plausible to expect that such behaviour
may affect equilibrium quantities in these markets. What are the equilibrium
features of a market in which a large proportion of traders care about their
reputation?

While a growing body of literature examines the effects of agency conflicts
on asset pricing, the explicit modeling of reputation in financial markets is
in its infancy.? Dasgupta and Prat [15] present a two-period micro-founded
model of career concerns in financial markets to examine the effect of rep-
utation in enhancing trading volume. However, that analysis is done for a
static market: each asset is traded only once.

In this paper, in contrast, we study a multi-period sequential trade mar-
ket in which some traders care about their reputations. We show that the
dynamic properties of this market are very different from those of standard
markets.

We present the most parsimonious model that captures the essence of
our arguments. Much of our model is standard. We present a T-period

'On the New York Stock Exchange the percentage of outstanding corporate equity
held by institutional investors has increased from 7.2% in 1950 to 49.8% in 2002 (NYSE
Factbook 2003). For OECD countries as a whole, institutional ownership now accounts
for around 30% of corporate equity (Nielsen [25]). Allen [2] presents persuasive arguments
for the importance of financial institutions to asset pricing.

2For example, Allen and Gorton [4] and Dow and Gorton [18] examine the asset pricing
implications of non-reputational agency conflicts. Reputational concerns are implicit in
the contractual forms assumed in the general equilibrium models of Cuoco and Kaniel [14]
and Vayanos [37].



sequential trade market for a single (Arrow) asset where all transactions
occur via uninformed market makers who are risk neutral and competitive
(following Glosten and Milgrom [19] and Kyle [20]) and quote bid and ask
prices to reflect the informational content of order flow. In addition there is a
large group of liquidity-driven noise traders who trade for exogenous reasons
that are unrelated to the liquidation value of the asset.

Our only innovation is that we introduce a large group of reputationally-
concerned traders (whom we call fund managers), who trade on behalf of
other (inactive) investors. These fund managers receive a payoff that depends
both on the direct profits they produce and on the reputation that they earn
with their principals.® These fund managers can be of two types (smart
or dumb) and receive informative signals about the asset liquidation value,
where the precision depends on their (unknown) type. In each trading round
either a randomly selected fund manager or a noise trader interact with the
market maker. The asset payoff is realized at time 7' and all payments are
made. In addition, at time 7', every fund manager is evaluated on the basis
of the outcome of his portfolio choices.*

We present the following results.

1. We begin with an impossibility result. We show that, in this market
of career-concerned traders, prices never converge to true liquidation
value, even after an infinite sequence of trades. If fund managers trade
according to their private signal, the price evolves to incorporate such
private information. Over time, the price should converge to the true
liquidation value. However, as the uncertainty over the liquidation
value is resolved, two things happen. First, the fund managers have
less opportunity to make trading profits because the price is close to the
liquidation value. The expected profit for a fund manager who trades
according to his signal is always positive, but it tends to zero as the price
becomes more precise. Second, taking a “contrarian” position (e.g.

3The principals may be line managers at mutual or pension fund companies with over-
sight over the particular fund manager’s activities, or, directly, institutional clients of these
fund management companies.

4The assumption that line managers within mutual funds and pension funds can ob-
serve the portfolio choices of their subordinates is natural. It may also be possible for
sophisticated institutional clients to observe portfolio choices of individual fund managers.
For all our core results, it is irrelevant whether the investor observes the portfolio choice
of other fund manager besides his. See Prat [28] for a discussion of the role of portfolio
disclosure in delegated portfolio management with career concerns.
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selling when the price has been going up) starts to carry a reputational
cost: with high probability, the trade will turn out to be incorrect and
the fund manager will “look dumb” in the eyes of (rational) principals.
Because of the combination of these two effects, when the price becomes
sufficiently precise fund managers begin to behave in a conformist way:
their trade stops reflecting their private information. From then on,
there is no information aggregation whatsoever and the price stays
constant.

. We then report a positive result. We prove that there exist an equi-
librium where fund managers trade sincerely in the beginning, but, as
soon as the price hits an upper threshold or a lower threshold, they
begin pooling. We characterize the conditions that guarantee the ex-
istence of such truncated sincere equilibria, and construct examples to
illustrate their properties. We also show that as career concerns be-
come increasingly important to fund managers, these truncated sincere
equilibria are the most informative equilibria that can exist.

. We show that, at any given price, there may be a difference between
the expected total value of the asset for a regular trader and for a
trader with career concerns. We refer to this difference as the reputa-
tional benefit or cost carried by the asset at that price. The existence
of such a reputational surplus can lead to systematic mispricing of as-
sets in financial markets. If the asset supply is not infinitely elastic,
the reputational benefit or cost will affect the equilibrium price. The
transaction price can differ from this period’s public expectation of
liquidation value. We characterize the nature of such systematic mis-
pricing in truncated sincere equilibria and construct examples of price
dynamics. Current mispricing depends on past trades and prices.

. Finally, we examine a number of natural extensions. The baseline
model was presented with arbitrary preferences over individual rep-
utation and with binary signals and asset liquidation values. In these
extensions, we provide micro-foundations for the reputational prefer-
ences of fund managers, and generalize the model to richer payoff and
signal spaces to show that our main results are robust to these changes.
Further, in our baseline model we assumed that fund managers cared
about their absolute reputations and were unaware of their type. We
extend the model to demonstrate that as long as self-knowledge is not
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very accurate, our core results remain unchanged. We also allow for
rewards based on relative reputation and show that sincere trading
cannot be sustained in equilibrium.

The present paper brings together two influential strands of the litera-
ture. The first strand concerns the theory of dynamic financial markets with
asymmetrically informed traders (Glosten and Milgrom [19] and Kyle [20]).
The second strand focusses on the analysis of career concerns in sequential
investment decision-making (Scharfstein and Stein [29]). Models in the first
strand consider a full-fledged financial market with endogenously determined
prices but do not allow traders to have career concerns. Models in the second
strand do the exact opposite: they analyze the role of reputational concerns
in a partial equilibrium setting, where prices are exogenously fixed.

In the first strand, Glosten and Milgrom [19] have shown that in dynamic
financial markets the price must tend to the true liquidation value in the
long term. More recently, Avery and Zemsky [8] have shown that statistical
information cascades a 1a Banerjee [9] and Bikhchandani, Hirshleifer, and
Welch [10] are impossible in such a market.” After every investment deci-
sion, the price adjusts to reflect the expected value of the asset based on
information revealed by past trades. Thus, traders with private information
stand to make a profit by trading according to their signals. But by doing
so, they release additional private information into the public domain. In the
long run, the market achieves informational efficiency.® Our work shows that
the addition of career concerns changes things dramatically. The presence of
a reputational motive can make the market informationally inefficient and
can generate mispricing. Other authors (Lee [22] and Chari and Kehoe [11])

®A word of caution is in order here. There is almost universal agreement in the
literature on the meaning of a cascade, which is the definition we have used above (an
equilibrium event in which information gets trapped, and agents’ actions no longer reveal
any of their valuable private information). However, there is little agreement on the
definition of the term herds (for example, substantively different definitions are used by
Avery and Zemsky [8], Smith and Sorensen [34], and Chari and Kehoe [11]). In the
interest of clarity, throughout this paper we shall restrict attention to cascades only. On
occasion, we shall make a distinction between efficient and inefficient cascades.

6Under additional assumptions, Avery and Zemsky [8] show that a weaker form of
conformism, which they term herding, may occur in the presence of prices. However, in all
versions of their model cascades are absent and prices always converge to true liquidation
value (Avery and Zemsky Proposition 2). Recently, Park and Sabourian [27] have explored
generalizations of the necessary conditions for herds in Avery and Zemsky’s model. As
in Avery and Zemsky, however, cascades cannot arise in their model.



have argued that information cascades can occur when prices are endoge-
nous.” However, their arguments hinge on a market breakdown: trade stops
altogether. Instead, in our model cascades occur in a functioning financial
market with trade.

In the second strand, Scharfstein and Stein [29] have shown that managers
who care about their reputation for ability may choose to ignore relevant pri-
vate information and instead mimic past investment decisions of other man-
agers.® This is because a manager who possesses “contrarian” information
(for instance he observes a negative signal for an asset that has experienced
price growth) jeopardizes his reputation if he decides to trade according to
his signal.” From this perspective, the contribution of the present paper is to
embed some of the ingredients of Scharfstein and Stein’s model into a stan-
dard dynamic market model such as Glosten and Milgrom [19]. This allows
us to show that Scharfstein and Stein’s insights on conformist behavior are
robust to the extension to market equilibrium. But more importantly, we
are able to study the effects of micro-founded reputation-driven conformism
on financial equilibrium quantities and properties (prices, informational ef-
ficiency, trades, and profits), which opens the way to potentially interesting
predictions on observable market variables.

Our findings should be read in the context of important recent empiri-
cal evidence regarding conformist trading by institutions. Recently, Dennis
and Strickland [17] have examined the relationship between price reactions
and institutional ownership for a cross section of stocks on single trading
days when the market return is high (in absolute value). They find that
the magnitude of a firm’s return on such days is increasing in the extent of
institutional ownership. In particular, they find that the percentage of own-
ership by mutual funds, the class of institutions for which career concerns are
best documented, to be specially important in driving their results. They
interpret this as evidence of positive feedback herding by mutual funds. Our

"In Lee’s [22] model the existence of a transaction cost to trading can prevent traders
with relatively inaccurate signals from trading, thus trapping private information in an
illiquid market. In Chari and Kehoe [11], traders have the option of exiting the market
(by making an outside investment) and may in equilibrium find it optimal to exit before
further information arrives, thus, again, trapping private information.

8Other more recent papers in this strand include, for example, Avery and Chevalier [7]
and Trueman [36].

9The partial equilibrium reputational model that is closest to ours is Ottaviani and
Sorensen [26]. The connection will be discussed in detail in Section 3.



theoretical results provide a clean parallel to these empirical findings. We
show theoretically that mutual fund managers trade in a conformist manner
precisely when prices have risen or fallen sharply, creating a reputational
value to buying or selling respectively.!?

The rest of the paper is organized as follows. In the next section we
present the model. Section 3 discusses the impossibility of full information
aggregation. Section 4 characterizes some of the equilibria of this game, and
proves that information cascades can arise in equilibrium. Section 5 studies
the dynamics of the reputational benefit or cost of the asset and shows that,
if the market making sector has market power, the price can incorporate a
reputational premium and systematic mispricing can arise. Extensions are
examined in section 6. Section 7 concludes.

2 The Model

The economy lasts T discrete periods: 1,2,...T. Trade can occur in periods
1,2...T — 1. The market trades an Arrow security, which has equiprobable
liquidation value v = 0 or 1, which is revealed at time 7.

In practice, the asset could be a bond with maturity date T" with a serious
possibility of default. It could also be the common stock of a company which
is expected to make an announcement of great importance (earnings, merger,
etc.) at time T all traders know that the announcement will occur but they
may have different information on the content of the announcement.

There are a large number of fund managers and noise traders. At each
period t € {1,2,....,T — 1} either a fund manager or a noise trader enters
the market with probabilities 1 — § and § € (0, 1) respectively. The traders
interact with a risk-neutral competitive market maker, and can issue market
orders (a;) to buy (a; = 1) one unit or sell (a; = 0) one unit of the asset.
The market maker sets ask (p¢) and bid (p?) prices equal to expected value
of v conditional on order history. Denote the history of observed orders at
the beginning of period ¢ (not including the order at time t) by h;. Let
p: = E(v|hy), p* = E(v|hs,buy), pb = E(v|hy,sell).

The fund manager can be of two types: 6 € {b, g} with Pr (0 =g) = .
The type is independent of v. If at time ¢ a fund manager appears, he receives

10See Sias [33] for a recent survey and reconciliation of the growing literature on mo-
mentum trading and herding by institutions.



a signal s; € {0, 1} with distribution
Pr(s; = v|v,0) = oy,

where

1
§§O'b<0'g§1.

Fund managers do not know their type. Noise traders buy or sell a unit with
equal probability independent of v.

The returns obtained by the trader at time ¢ is denoted y, and is defined
by:

a b _ 'U—p? ifatzl
Xt (ataptuptﬂv) _{ p’t)—’U ifat =0

If a fund manager traded at time ¢, his actions are observed at time 7.
Principals (e.g., line managers in the fund management firm) form a posterior
belief about the manager’s type based upon the managers actions, which we
define to be

3, (ag, hy,v) = Pr(0; = glag, he, v)

Suppose the fund manager at time ¢ receives utility

u<at7p?>pft)7 v, ht) = Bﬂ— (Xt) + (1 - B)T (’S/t) )

where 5 € (0, 1) is a parameter, and the functions 7 and r measure the direct
payoff and reputational payoff and are increasing and piecewise continuous
in the relevant arguments.'!

We implicitly assume that the fund manager in ¢ observes the whole
history of trades and prices up to his time, h;, (along with the current price
and his private signal) and that principals observe hy (and the liquidation
value v). The assumption that fund managers and principals are able to
observe the history of trades is not indispensable. Our main results would
hold even if the fund manager in ¢ could only observe the price p; in ¢ and his
private signal, and the principals could only observe the trade of their fund
manager and the liquidation value (indeed, in the equilibria we characterize,
strategies only depend on these variables).

We can show that in this setting, in contrast to well-known prior results,
that the market cannot be fully informationally efficient even after an inifi-
nite sequence of trades.

Tn section 6, we provide microfoundations for such a utility function.
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3 The Impossibility of Full Revelation

We first present an example and then discuss the general result.

3.1 An Example

Let 7 and 7 be linear. The manager maximizes Sx, + (1 — 3) ;.

A sincere equilibrium is one in which fund managers play according to
their signals: a; = s; for all ¢t at which a fund manager is active.

If =1, there is a sincere equilibrium (Glosten and Milgrom [19], Avery
and Zemsky [8]). Suppose instead that 5 < 1.

Proposition 1 There is no sincere equilibrium.

The argument is intuitive and we present it in detail here. Suppose there
is a sincere equilibrium. Suppose that at ¢ the price is p; and the manager
plays a; = s;. Let

. Pr(s;=1v=1) o
L — Prv=1ls, =1.h) = =
U1 r (U |St ) t) Pr (St — ].|ht) 2 Do + (1 — pt) (1 _ O_)pt
_ Pr(s,=0v=1) l—0

o = Prv=1|s;=0,h) = Dt

p =
Pr(s;=0h) ' (I1—p)o+p(l—0)
The bid-ask prices are
B o= S+ (1-6,) 9
pi = &p+(1—07)0g
where 6% = Pr(noise trader|buy order, k), is the probability assigned by the
market maker that he faces a noise trader upon receiving a buy order and

observing the history of trades. Similarly, §;=Pr(noise trader|sell order, h;).
Straightforward calculations show that

1
=0
5b — 2
C T B0+ A-p)(1—)]
1
=0
5 = D

15+ (1 -0)p(1—0)+(1—p)o]



Suppose the current price is p; and the manager in ¢ observes s; = 0. If he
buys, his expected trading profit is 9§ — p¢, while if he sells it is p? — 5. Thus
the difference between the expected profit of buying and selling is

Am = 2@6 —py —pi’.

The reputational payoffs in a sincere equilibrium are:

o l1—0
Y(a,=1lv=1) = 2 y(a; =0,v=1) = 7
Y(ar=1v=1) g Yla=0v=1)=3—"7
l1—0 o
A :]_ :O p— g ;5 _0 p— _—g
7(at U ) 1_0_7 (at y U ) O"Y

Define
A = (@ _ 1—70) N
o 1—0
The expected reputational benefit of choosing a; = 1 instead of a; = 0 when
s; =01s

Ar = Pr(v=1|s;=0,h) (¥ (a =1)—4 (e =0,v=1))
)

t = L,V
+Pr(v=0[s; =0,h) (¥ (ar =1,v=0) —F (a = 0,v =0))
g ﬁ_l—ag Y 1—09_&
N UO(U 1—J>7+(1 UO)(l—a 0)7
= (200 -1) A9
It is a best response to play a; = 0 instead of a; = 1 when s; = 0 when

BAT+ (1 —5)Ar < 0.

Let the price rise to one. Notice that as p; — 1, 0§ — 1 and 0! — 1.
That is, regardless of whether the manager has received the high or the low
signal, the accumulated information in prices convinces him that the expected
liquidation value is 1. Also notice that 6° and &; are bounded, and thus as
p; — 1, it must also be true that p? — 1 and p? — 1. Now, taking limits we
have

lim A7 = lim 205 —pf —pl=2—-1—-1=0
pt—1 pt—1

lim Ar lim (205 — 1) A = (2—-1)A9 >0
pt—1 pt—1
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Hence, for p, high enough it is a best response for a fund manager with s; = 0
to play a; = 1. Thus, there can be no sincere equilibrium.

This example sheds light on why this market may fail to aggregate in-
formation efficiently. But proving that there is no sincere equilibrium is not
sufficient. There may be informative equilibria that are not fully sincere. To
show the inevitability of information cascades, we need to argue that there
exists no equilibrium that leads to fully revealing prices even after an infinite
sequence of trades by informed fund managers. This is done in the following
section.

3.2 The General Result

Let us revert to the general problem. The expected utlitity of the ¢t-period
fund manager is

E(u(at>p?7p?7v>ht)|8t) = Z Pr (U’hta St) (671— (X (atapgap?ﬂ])) + (1 - 5)7“ (’AY

v=0,1

Define

E(AU(p?,p?,U,htHSt) - E(“(LP?vpgavvhtNSt)_E(u(()?p??pf&)vU?ht)lst)

(at,v,ht)))

= Z Pr (v|hy, s) (BAT (x (pf,pf,v)) + (1= B)Ar (5 (v, h)))

v=0,1

where
A (x (pf,ph,v)) = 7(v —pf) — 7w (pf —v)

and
Ar ('3/ (U7 ht)) = 7”(’3/ <1> v, ht)) - T(’? (07 U, ht))

We restrict attention to non-perverse equilibria. We say that an equilibrium
is perverse if for some period ¢t and some history h; which occurs with pos-
itive probability on the equilibrium path, the fund manager at ¢ is more
likely to buy if he has a negative signal than if he has a positive signal
(ay (heysp =0) > g (hy,s¢ = 1)). Thus, we are not excluding perverse be-
havior off the equilibrium path. Note that perverse equilibria are extremely
implausible in a financial context because perverse behavior after a history
h; implies that the bid-ask spread is strictly negative conditional on 7.

We are now ready to state our main result. There exists no non-perverse
equilibrium in which the price p; converges to the true liquidation value v as
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t — oo. In particular, there exists an upper and a lower threshold, such that
if the price crosses one of these bounds, trade is entirely devoid of information
for the rest of the game:

Proposition 2 In any non-perverse equilibrium there exists (p,p) € (0, 1)
such that if p; > D or p; < p then the actions of fund managers from period
t onwards cannot provide information about their private signals.

The proposition is proved in several steps. In any putative informative
non-perverse equilibrium, we first show that as the price approaches either
0 or 1 the expected trading profit goes to zero. Second, we analyze the
reputational incentives in such a putative equilibrium. As the price goes
to one, the fund manager faces a positive and non-infinitesimal expected
reputational benefit if he chooses to buy rather than to sell. Conversely,
when the price goes to zero, he faces a positive and non-infinitesimal benefit
if he sells rather than buying. Putting together the profit motive and the
reputational motive, we conclude that if the price is high enough or low
enough the fund manager will ignore his private information. From then
on, the market is stuck in an information cascade. No additional private
information is revealed. But this means that we could not have been in an
informative non-perverse equilibrium.

The proof is involved and is presented in detail in the appendix. Our re-
sult bears a connection to Ottaviani and Sorensen [26], who provide a general
analysis of reputational cheap talk and show that full information transmis-
sion is generically impossible. Of particular interest to the present paper
is their Proposition 9, where they consider a sequence of experts providing
reports on a common state of the world and they show that informational
herding must occur. Our result is different because: (a) we show the necessity
of informational cascades (while Ottaviani and Sorensen prove that herding
must occur but they cannot exclude that the true value is revealed in the
limit); (b) our experts have a profit motive as well as a reputational motive;
and (¢) most importantly, our model is embedded in a financial market.

4 Price Dynamics: Information Cascades in
Equilibrium

We have just demonstrated a negative result: non-perverse equilibria never
result in the long-run convergence of prices to true value. A natural ques-
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tion remains: What equilibria can arise in this sequential trade market with
reputationally sensitive traders? We deal with this question here.

To simplify our construction of equilibria, we assume that the functions 7
and r are linear, though the spirit of our arguments extend to more general
functions. In all other respects we use the general specification introduced
for the main result.

We define a truncated sincere equilibrium as follows. There exists p €
(0 1) such that:

’2
1. A manager with s; = 1 buys if p; > p and sells if p; < p;

2. A manager with s, = 0 buys if p; > 1 — p and sells if p; <1 — p.

Notice that a crucial property of the truncated sincere equilibrium is that
at high and low prices fund manager trade without regard to their private
information. Having thus earlier ruled out equilibria where prices converge
to true value after even an infinite sequence of trades, we shall now explicitly
demonstrate that conformist behaviour can arise in equilibrium, giving rise
to an information cascade. We can prove:

Proposition 3 Given (7,00, 04,0), there exists a B > 0 such that for all
B < B a truncated sincere equilibrium ezists where p is the unique p; € (0,1)
that solves

BATy (pr) + (1 — B) Ary (p) =0,

where Ay (pr) and Ary (pg) are defined under sincere strategies. In addition,
for B small enough, there exists no non-perverse equilibrium in which trading
reveals information when p, ¢ [p,1 — p).

The formal proof is involved and is presented in the appendix. We
note here only that the proof is constructed under the following natural off-
equilibrium beliefs: if a fund manager trades in a contrarian way in a region
of p; where equilibrium strategies dictate conformism, he is assumed to have
traded sincerely. Here, we construct an example based on proposition 3
which provides some intuition behind the proof of the result.!?

121f 3 is high, the most informative equilibrium has a more complex structure. There
exist regions in which a “contrarian” fund manager plays a mixed strategy. However, there
are still two price thresholds such that no information is revealed outside of them.
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Figure 1: Excess payoff to buying in a trucated sincere equilibrium (s; = 1)

Suppose that § = 0.25, v = 0.5, f = 0.4, 0, = 1 and o, = 0.5. The ex-
pected total payoff difference between buying and selling (Au,) depends on p;
and on the equilibrium strategies followed, o} and . Using the formulas pre-
sented above, it is not hard to see that the expected payoff difference between
buying and selling in the sincere part of the equilibrium, Au;(py, 1, 0), crosses
0 exactly once in p; € [0,1] at p ~ 0.144. In order to compute a truncated
sincere equilibrium, we must also compute Awu(pg,0,0) and Awy(py, 1, 1),
that is the payoff differences in the lower and upper conformism regions.

Figure 1 shows, from the point of view of a manager who observes s; = 1,
the expected payoff differences for the relevant regions, that is Awu;(py,0,0)
in the conformist-sell region p; € [0,0.144), Au;(pt, 1,0) in the sincere region
(thick line) py € [0.144,0.856], and Aus(py, 1,1) in the conformist-buy region
pr € (0.856, 1].The key point is that the total benefit is positive if and only if
p > P, indicating that the best response of a manager with s; = 1 is indeed
to buy if and only if p > p. A few remarks are in order.

1. The graph displays a small positive jump at p ~ 0.144. This repre-
sents the “switch” in payoff differences between the conformist part
of the equilibrium and the sincere part. The jump derives from the
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combination of changes both in A7 and in Ar.

In general, the excess profits from buying vs selling will be higher in
the conformist section of the equilibrium than in the sincere part. This
is because separation worsens the bid-ask spread (which is zero in the
conformist part). Thus, in making the transition from conformist play
at p < 0.144 to sincere play at p > 0.144 the fund manager faces a
negative impact on profits.

On the other hand, the reputational difference between buying and
selling will be lower under conformist strategies at p ~ 0.144 than under
sincere strategies. This is because separation enhances the reputational
benefit of ex post correct trades. Thus, in making the transition from
conformist play at p < 0.144 to sincere play at p > 0.144 the fund
manager faces a positive impact on reputational rewards.

The “small 57 property highlighted in Proposition 3 guarantees that
the reputational gains will overwhelm the loss in profits, thus guar-
anteeing an equilibrium switch from conformist to sincere play at p
~ (.144 when career concerns are sufficiently important.

2. Note that this example illustrates that in practice, 5 does not need to
be particularly small for a truncated sincere equilibrium to exist and for
conformism to arise in equilibrium Proposition 3 identified sufficient
conditions only.

3. When p = 1 — p the total benefit line displays a negative jump due to
the combination of negative effects on profit and reputation. However,
it is easy to check that the both functions must still be positive. If p is
high, a manager with s; = 1 has a two-fold reason to buy rather than
sell.

5 Reputational Premium and Systematic Mis-
pricing

From the viewpoint of fund managers the expected total value of the asset can

differ from expected liquidation value. The difference captures the expected

reputational benefit or cost that the fund manager incurs if he buys or sells
the asset.
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Consider a fund manager at time ¢ who observes signal s; and forms
expectation 0% . Let w! be the price at which the manager is indifferent
between buying and selling. We refer to w?, as the fund manager’s ezpected
total value of the asset. It is the solution of

B (0f, —wh) + (1= B) (0,3 (ar = 1,0 = 1) + (1 = 8,) §'(a; = 1,v = 0))
= B, —il,) +(1—B) (6h4 (e = 0,0 =1) + (1= d},) §(a; = 0,0 = 0))

If the fund manager has no career concerns (5 = 1), we simply have that

wh, = 9. : the expected total value is just the expected liquidation value.

St
However, if 5 < 1 there may be a wedge between the two values, which we

indicate with

‘g 1-p (&tat—lv—l) &t(at—()v—l))
28 ( (1— ) (F(ar=1,0=0) - (at—Ov—O)))'

The value p!, depends on the manager’s private signal. It is interesting to
look at the average value of p! for all managers. Recall that the ex ante
probability that the manager receives signal s; = 1 is op; + (1 — o) (1 — py).
Then, let

pro= (ope+ (1 —0)(1—p))pi + (1 —0op—(L—0)(1—p))py
ﬂ( pe(Y(a=1v=1)—4"(a, =0,0=1)) + >
203 (1—p) (3 (=10 =0) =4 (a, =0,v = O))

We refer to p' as the reputational benefit or cost of the asset for the manager
in . We can then see that in a truncated sincere equilibrium the reputational
payoft is

5 (=) +0-p) (1)) 7 irelr
ot = —th—1(%—1"9) if p € [p,1— p]
S (1-52)+0-p)(1-2))y ifpel-p1]

It is then easy to show that:

Proposition 4 In a truncated sincere equilibrium, the reputational benefit
1s positive if and only if p; > % It is strictly increasing in p; except possibly
at the truncation points.
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Figure 2: Reputational benefit in a trucated sincere equilibrium

There is a systematic difference between the valuation of the asset for
traders with career concerns and traders without. The difference is increasing
in the price, except possibly at a countable number of points. This point is
well illustrated by plotting the above function for the example computed in
the previous section. This is shown in Figure 2.

So far, this difference in valuation has not affected the equilibrium price.
This is because, by utilizing the Glosten-Milgrom set-up, we have implicitly
assumed that the price is always equal to the valuation of the side of the
market that has no career concerns. Is this assumption reasonable?

In practice, we should expect a good proportion of traders (if not the
majority) to have career concerns. If those traders’s valuations of the asset
are systematically different from the objective expected value of the asset,
we should observe systematic mispricing.

Ideally, we should use a formal model of the non-career concerned side
of the market that takes into account credit constraints and generates an
imperfectly elastic demand function. However, this difficult task is clearly
outside the scope of this paper. Instead, we limit ourselves to studying what
is perhaps the polar opposite of the Glosten-Milgrom case: we assume that
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in every period there is only one trader without career concerns who can sell
the asset. While this is a stark and very unrealistic way of capturing the
idea that the reputational benefit translates into a price premium, we believe
that the underlying intuition is valid for any microstructure model where the
side of the market without career concerns does not have a demand that is
infinitely more elastic than the side with career concerns.

Specifically, we assume that in every period t the fund manager faces one
short-lived monopolistic trader who has an asset to sell and a large number
of buyers. The opposite case (many sellers, one buyer) would be similar.

The monopolistic seller operates only in period ¢. If he does not sell the
asset at t, he will keep it until 7" when he will receive the liquidation value
v. The monopolistic seller does not know the liquidation value, and infers
it from the market by observing past order flow and also from the current
period order flow.

We face a further modeling choice. If there are noise traders who submit
market orders, a monopolistic seller can set an inifinitely high price and make
infinite profits. We could assume that noise traders submit limit orders (with
stochastic limits), but we choose to simplify the analysis by assuming that
there are no noise traders. The results can be taken as the limit of a model in
which there is a vanishing probability of a noise trader who submits a limit
order.

We assume that the price charged by the seller cannot go above 1. If the
price is greater than 1, new assets will be issued.

A characterization of the equilibrium set is difficult. The monopolistic
seller faces an informed buyer (the type of the busyer is s;) and must choose
whether to exclude the low type (s; = 0). This, in turn, reflects on investors’
beliefs and makes the analysis extremely complex.

We begin by offering a partial characterization of equilibrium, restricted
to the set of prices for which play is sincere. To do this, we define the average
price P, as the expected price at which a transaction occurs at time ¢, that
is

P, = Pr (buy|p:) p? + Pr (sell|p;) p!.

Reinterpreting p; as the expectation of the liquidation value v of the asset
conditional on publicly available information'?, we can prove the following:

13The last period transaction price will no longer be identical to such expectations with
a monopolistic market maker.
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Proposition 5 Suppose that in equilibrium, at a certain py, the fund man-
ager trades sincerely. Then, if py > % there is overpricing: P, > p;.

Proof. If the equilibrium is sincere, the expected benefit of a manager
with s; = 1 of buying rather than selling is

BAm (p) + (1 — B) Ary (p)
where
Amy(p) = 201 (p) —p*(p) — 0" ();

an) = @)= (2 -T2

l1—0

The bid price is set competitively at p®(p) = 9 (p). The monopolistic
seller sets p® (p) so that the manager’s expected benefit is zero:

o 1

. a . . o 1—0
B (201 5) =" ()~ 0 ) + (1= 8) (201 )~ 1) (22 = 122 ) =
If p, > %, the second addend is strictly positive. Hence, we must have

p* (p) + o (p) > 201 (p).-
But, because 01 (p) > 0o (p), we have p® (p) > 0; (p). Hence,
P, =Pr(s; = 1) pf+Pr (s; = 0) 6 (p) > Pr(s; = 1) 0y (p)+Pr (s; = 0) 59 (p) = p

[

The result above does not guarantee that over-pricing will occur because
there may not exist an equilibrium that in which play is sincere for some
Py > % It is therefore useful to show by example that this is indeed possible.
The example will also illustrate the price dynamics outside the interval where
play is sincere.

We use the example discussed previously: v = 0.5, f = 0.4, 0, = 1 and
o, = 0.5, but we now let 0 = 0 (rather than 6 = 0.25).

When the monopolistic seller sets the price, she faces three options: sell
to the high type only (s; = 1), always sell, or never sell. If she never sells,
her expected payoff is simply p;. If she sells to the high-type only, she sets
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the price p® such that a manager with s; = 1 is indifferent between buying or
selling, which implies (note that the equilibrium is separating) the condition:

B (201 — p® — Bo) + (1 — B) (201 — 1) (@—1_—‘7;7)7:0,

o 1-—
or
a ~ ~ - N O'g 1 O'g
pt = 20—+ —— (201 —1) | = vy
o l1—0
b p
12 — —1
2p+1 3—2p

If p* < vy, the seller prefers not selling. This occurs when p < 0.1535. If the
price computed above were greater than 1, the seller would be constrained
to setting p® = 1. This happens when p > 0.27129. The expected profit of a
seller who sells to the high-type only is

Pr(s;=1)p*+Pr(s;=0)09=(poc+(1—0)(1—p))p*+(1—0)p

Suppose instead that the seller sells to the low type as well. The price p,
is then given by the maximum price that a manager with s; = 0 is willing to
pay to buy in a pooling equilibrium:

=)+ (1= ) (i (1= 722 ) + (1= i) (1= 2) ) y =

l1—0

that is

u ) 1= /. 1—oy R o
ppool = UO+T(UO<1_ 1_0_)+(1—U0)< —;))’y
1
4

This price would be greater than 1 when p > 0.8333.
The seller prefers selling to the both types only if

(po+(1—0)(1=p)+(1=0)p < Phoon

which is true if p < 0.78078.
Note that it is easy to check that for 0.27129 < p < 0.78078, when the
market maker would charge p* = 1, and wish to sell only to the high type, it
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Figure 3: Reputational Mispricing

is not beneficial for the low type to deviate from the equilibrium strategies
and buy. Thus the equilibrium is indeed sincere in the range 0.1535 < p <
0.78078.

The average price P, is now given by

p if 0<p<0.1535
(op+(1—0)(1—p))p*+ (1 —0o)p if 0.1535 < p < 0.27129
P={ (op+(1—=0)(1=p)+(1—0)p if 027129 < p < 0.78078
Plool if 0.78078 < p < 0.8333

1 if 0.8333 <p<1

This function is plotted in Figure 3. The thick line represents P, while
the thin line represents the true expected value p;. Notice that there is
overpricing at all prices, except when p is so low that there is a cascade in
which the manager never buys.
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6 Extensions

6.1 A More General Set-Up

The baseline model was presented with binary states and signals. Here, we
generalize our analysis to include many states and signals.

Let V' = {vy,vs,...,ux} be a discrete space of states and [Smin, Smax] b€
a continuous space of signals. Denote vy by v, and vy by vpax. Let & (v)
be the prior probability mass function of v (which is independent of #) and
assume that & (v) > 0 for all v.

A fund managers of type 6 receives a signal distributed according to
fo (s|v), with the following properties:

A1 Full support: f; (s|v) > 0 for all s and v.

A2 Monotone Likelihood Ratio Property (MLRP): For every pair {s”, s}
and {v”,v'}, such that s” > s and v > v/,

fg (S”|’U”) (S”|U’)'
fq (s'[0") (s|v")

> Jo
fq
A3 Garbling: Let f (s) =", f, (s|v) k (v) dv for every s. Define

fo(slv) = 7fy (slv) + (1 = 7) f (s),

where 7 € (0,1) is a parameter that captures the informative of a bad
manager’s signal compared to a good manager’s.

The first assumption (Al) is crucial. It implies that the signal is never
fully informative: for all s and v: Pr(v|s) < 1. If a manager knows he has
the truth, he would follow his signal even if all his predecessors had traded
in the opposite direction.

Since the signal space is no longer binary, it is now important to allow
for the possibility that the manager does not trade. Let a; = % denote the
decision not to trade.

First, note that if there are no career concerns (f = 1) there exists a
fully informative equilibrium (see Avery and Zemsky [8]). When instead
career concerns are present, we shall see that full information revelation is
impossible.
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As before, we focus on non-perverse equilibria. Let « (a;|hs, s;) denote
the probability that a manager who observes s, after history h; selects action
a;. We say that an equilibrium is non-perverse if a (1|hs, s;) and « (0|hy, s¢)
are respectively non-decreasing and non-increasing in s; for all h;.

Proposition 6 There exists no non-perverse equilibrium in which lim;_, o, py =
v for all v.

The proof is in the appendix. Here we provide some intuition for the
result. Given the MLRP, it is easy to see that the manager would be willing
to randomize between actions at a maximum of two signals. Call these sy
and sy, so that any non-perverse equilibrium must be characterized the the
following strategies: buy if s > sp, sell if s < sg, and do not trade if
s € (sg,SH)-

If the equilibrium is to reveal information, both sy and s; cannot be at
the boundary. Suppose s; > Smin. In what follows, if sy = Spax, simply
replace sy by sp, and substitute “buying” with “not trading.” Then, a
manager who buys will reveal that his signal s > sy and the manager who
sells will reveal that his signal s < s;. In a non-perverse equilibrium, as
Pt — Umin, from the manager’s perspective it becomes inevitable that the ex
post evaluation will be carried out in the state v = v,;,. But at such a state,
revealing oneself to have received a signal in the range [spn, sz] is strictly
better for one’s reputation than revealing oneself to have received a signal
outside that range, due to the strict MLRP. Since profits are irrelevant in the
limit as prices converge to true value, selling becomes optimal regardless of
signal, and the manager does not follow the proposed equilibrium strategies.

6.2 Self Knowledge

The baseline analysis was carried out under the assumption that the manager
did not know his type. What happens if the fund managers have some self-
knowledge? We now allow the fund manager to receive two signals: the now
familiar s; and a new signal z;, with Pr(z, = 0]0) = p.

If they know their types perfectly (p — 1), one can show that information
cascades will not occur. A high-type manager will trade sincerely even if
most people before him have made trades of the opposite sign. However, if
we assume that fund managers only have some limited information about
their types (p — %), we still have a failure in information aggragation:
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Proposition 7 If self-knowledge is not too accurate, there exists no equilib-
rium in which a fund manager with z, = 1 plays sincerely.'*

As usual, the proof is given in the appendix. However, the intuition is
simple. As long as the received signal about his type leaves some residual
uncertainty, as public information about the state becomes sufficiently pre-
cise, a manager with a “good” type-signal and a “contrarian” value-signal
becomes convinced that he has simply received two incorrect signals. Thus,
just as in the baseline case, it becomes optimal for him to ignore his signals
and behave in a conformist manner.

6.3 Relative Reputation

Suppose that the reputational component of the fund manager’s payoff de-
pends on her relative reputation. The payoff is now

B (x) + (1 = B)re (A1, - 37) -

We assume that r is still continuous and differentiable in its components and
that, for fund manager t,

(97}
- 0
8%
31} < 0 for 7 # t.
9,

This formulation encompasses the standard “benchmarking” setting in which
the reputational payoff is an increasing (and perhaps convex) function of the
difference between the reputation of a particular manager and the average
reputation of all managers:

T ~
.. . =1 9
e (1, -097) = R (% - ZTl) :

Proposition 8 There is no sincere equilibrium.

4We could actually show the stronger result (analogous to Proposition 2) that there
exists no informative equilibrium.
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Proof. Suppose a sincere equilibrium exists and consider the fund man-
ager in the last period, T. As the agent’s action does not affect the reputa-
tions of all other agents, the analysis is identical to the case without relative
performance. Thus, this agent will not trade sincerely for extreme prices. m

One may think that being evaluated on a relative basis will encourage
contrarian behavior and lead to perfect information aggregation. This intu-
ition comes from small numbers of managers, while ours is an asymptotic
result. If there are incentives to play in a contrarian manner, some managers
may indeed play in a contrarian manner early on in the game. As for the
profit motive, the incentive for contrarian play will become smaller as time
passes and information becomes more precise. In the long term, the intuition
of our baseline result is still valid.

6.4 Micro-founded Career Concerns

The analysis to date has assumed that managers attach positive value to be-
ing able to impress their principals. While this assumption is consistent with
empirical evidence as discussed in the introduction, we have not provided the-
oretical foundations for managerial career concerns. There are many ways to
do so. We present a particularly simple example.!”

There are two periods, i = 1, 2,after which the world ends. In each period,
an asset with liquidation value v; € {0,1}is traded. At the end of period 4,
v; is revealed to all. The payoffs v; and vy are iid. Within each period, there
is a long sequence of T" trading rounds.

To give a concrete example, there could be a bond in each period: one
issued at 0 with maturity date T', one issued at 1" with maturity date 27". The
default probability of a bond is independently distributed. Alternatively, it
could be the stock of the company that makes an earnings announcement at
T and another one at 27" (however, one would need to ensure that the signal
a fund manager receives in the first period provides no information on the
second period’s announcement).

Suppose there are N (<< T') identical fund management companies,
which exist in NV identical but non-overlapping regions each being the sole
employer of fund managers in their region. Each such fund management
company employs exactly one fund manager, who must be from its own re-

15 A fully micro-founded analysis with endogenous contracting is provided in Dasgupta
and Prat [15]. In that paper, career concerns are considered at the firm-wide level.
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gion. We assume that the company acts in the best interest of its clients
(investors), and thus maximizes trading profits net of costs.

Each region has a large number of potential fund managers. In period 1,
each fund manager receives a signal about v;. The signal structure within
each period is as in the main model above. That is, managers can be of type
0 = g or § = b, and a manager of type # = g receives more accurate signals
about both v; and ve. The proportion of good managers in each region is v,
in the first period and +, in the second period. ~, is known at the beginning
of period 1, while 7, is revealed at the beginning of period 2.

There are also many noise traders. During each period, and in each
trading round, either a noise trader or the fund manager (who has not traded
yet in that period) is chosen to trade with a risk neutral market competitive
maker who sets prices to reflects information contained in order flow. If the
noise trader is selected, he buys or sells one unit of the prevailing asset with
equal probability. If a manager is chosen he may buy or sell a unit of the
asset as he chooses. Since T' >> N, each manager gets to trade once in each
period with probability 1.1 The selection process is symmetric within period
and independent across periods. Hence, uninformed traders have the same
probability of facing a noise trader or a fund manager in every period.

In period 1, the company employs a manager, with whom it is randomly
matched. The fund manager receives a fixed fee y for every period in which
he is hired. His total fee is y if he only works in the first period and 2y if he
works in both periods. There are no long-term contracts, but the manager
can also receive a share of the first-period profits: ax where o € [0,1]. At
the beginning of period 2, the company is able to observe the manager’s
actions and their outcomes from period 1, and can choose to retain him or
fire him and be randomly matched with another manager chosen from the
region.!”

Managerial career concerns now arise endogenously. The second period
has many continuation equilibria because the fund manager is indifferent.
We focus on the efficient equilibrium in which he buys when s, = 1 and sells

16 For finite T and N, there is a small probability that not all fund managers get to trade
before time 7. Formally, we could assume an exogenous retention rule for the remaining
fund managers (for instance, they all get fired). As T — oo, the probability of facing such
exogenous termination vanishes, which is the case we discuss here.

17The analysis would be more complicated if the manager received a share of the second-
period profit as well. However, Dasgupta and Prat [15] show that, if contracts are endoge-
nous, the fund manager’s compensation is independent of his return in the last period.
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when s; = 0.

The expected profit in the second period is then an increasing function
of the ability of the second-period manager. In order to maximize profits,
the company will retain the first-period manager at beginning of period 2 if
~ > 7, and she will replace him with a randomly selected manager if 7 < ~,.

The manager in period 1 therefore must maximize

ax;(ay, p) +Pr(¥(ay, vi) > 7,)y

Dividing the payoff by a + y > 0, we have that the manager maximizes in
period 1

Axa(p) + (1= B)r(7(ax, v1))

where § = 2%, and r(y(a1,v1)) = Pr(¥(a1,v1) = 7,), which is a special case
of the payoffs that we have considered throughout the paper.

6.5 Informed Individual Traders

To date we have restricted attention to a market in which uninformed market
makers are faced with either noise traders or reputationally sensitive traders.
A natural added member of the marketplace would be informed individual
investors, who do not face career concerns. How would the results change if
informed individual investors operated in our baseline model?

It is clear that informed inviduals devoid of career concerns would trade
sincerely, and thus, in the presence of such traders prices would eventually
converge to true value. However, the basic intuition of the main result in
unchanged in this case: once prices were close enough to true value, career
concerned institutional traders would begin to ignore their own information.
Thus convergence to true value would take place much more slowly than in
the case without fund managers, and the extent of slowdown in convergence
would depend on the proportion of career concerned traders in the market. In
addition, conformist trading by institutional traders would still occur in the

presence of informed individual traders, in keeping with empirical findings
(e.g., Dennis and Strickland [17]).

7 Conclusion

The central message of this paper is that the presence of (even small amounts
of) reputational concerns will prevent institutional traders from trading sin-
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cerely when prices become close enough to liquidation value. Such a tendency
to neglect valuable private information is an endogenous (and pervasive) ob-
stacle to the convergence of prices to liquidation values in the long run, and
can be the basis of herd-like behaviour by institutional traders, along the
lines already documented in the empirical literature.

Further, we have argued that the presence of reputational incentives can
drive a wedge between the expected liquidation value of an asset and its total
value to fund managers. We have characterized the properties of such repu-
tational benefits, and presented an example of how such reputational premia
can be incorporated into prices, thus leading to the systematic mispricing
of assets. While we have carefully related our central results on conformist
trading to existing theoretical explanations in the introduction, it remains
for us to do the same for our explorations on mispricing. We now proceed to
do so.

While the classical no-trade arguments of Milgrom and Stokey [23] and
Tirole [35] preclude bubbles in markets with asymmetric information and
rational agents in general, a number of papers construct examples of bubbles
while examining the role of higher order beliefs in asset pricing. Allen, Mor-
ris, and Postlewaite [5] build on the no-trade theorems to develop necessary
conditions for the existence of bubbles, and provide examples of economies
in which bubbles can exist. Morris, Postlewaite, and Shin [24] illustrate the
connection between bubbles and higher order uncertainty. Prices are biased
statistics of true value in the recent work of Allen, Morris, and Shin [6].
There are also a large number of papers in which bubbles arise and persist
because some traders are irrational (e.g. DeLong, Shleifer, Summers, and
Waldmann [16], Shleifer and Vishny [31], Abreu and Brunnermeier [1], and
Scheinkman and Xiong [30], amongst others).

More closely related to our work, a few papers construct examples of bub-
bles based on agency conflicts. Most notably, Allen and Gorton [4] develop
a model in which prices can diverge from fundamentals due to churning by
portfolio managers. In their model, bad fund managers buy bubble stocks
at prices above their known liquidation value in the hope of reselling them
before they die — at even higher prices — to other bad fund managers. Their
behavior is the result of an option-like payoff structure under which profits
are shared with managers but losses are not. Churning thus creates the pos-
sibility of short-term speculative profits. A related principal-agent conflict
leads to bubbles in Allen and Gale [3]. In contrast to both of these papers,
in our example, mispricing arises without option-like payoffs purely due to
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reputational concerns of financial traders.
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8 Appendix: Omitted Proofs

8.1 Proof of Proposition 2

We proceed by proving two preliminary results.

Lemma 9 There exists a function f :[0,1] x [0,1] — [0, 1] such that Pr(v =
1he, s¢) = f(pe, s¢) and f satisfies the following properties:

(a) f(pe,st) is strictly increasing and continuous in p;.

(b) f(last) =1=1 _f<075t)

(¢) f(pe,; 1) > f(p, 0)

Proof.

Pr(v=1lhs, s) = Pr (s¢, helv =1)Pr(v =1)

Pr (s¢, ht)
_ Pr(sfv=1)Pr(v=1) B
= Br (s ) Pr(hfv =1)
_ Pr(sijv =1)Pr (v =1) Pr (v = 1|h;) Pr (hy)
Pr (s, hy) Pr(v=1)

Pr(s¢lv = 1) Pr(hy)
Pr (St, ht) b

Pr (s¢, he) = Pr(he)[pe Pr (seJv = 1) + (1 — pr) Pr (s¢Jv = 0)]
Thus

pe Pr(sv =1)

P = 1|hy, 8¢) =
r (v \he, St) pe Pr(siv=1)+ (1 — p) Pr(s¢Jv = 0)

- f(pta St)

Now parts (a) and (b) follow immediately. To see part (c) note that

Dt
flpr, 1) = Pr(s;=1|v=0
pet(1— pt)PrEst:lI'U:lg

Dt
pe+ (1 _pt)leU

where 0 = yo, + (1 — 7)o,. Similarly

Dt
70 = o
fee0) pet (L =p)7%5
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Since o, > o0p > %, o > % Thus 177" < 1 < ;%Z. This then implies
f(pt,1) > f(pt,0) which completes the proof of the lemma. =

The mixed strategy of manager ¢ in this market will generally depend
on both this history he observes and his signal. We denote this by o (h;).
A mixed strategy equilibrium is a sequence {a!, (h)};_;'. For notational
convenience, we often omit the history argument and we denote the ¢ fund
manager’s strategy as (o, o4) € [0, 1]°.

Consider a set of equilibrium strategies (af,a}) € [0,1]°. We can now
compute the posteriors regarding fund managers. The posterior belief is

given by

2

Pr (atle =90 ht)’y
Pr (a0 = g,v, hy) vy + Pr(as|0 = b,v, hy) (1 — )

:Y (at7 v, ht) =
Note that
Pr(a; =10 =g,v=1,h) = a1 (h) oy + g (he) (1 — o)

and similarly for the other realizations of 4. Therefore, we can write

a () og + oo (he) (1 — 0)
ay (hy) o+ g (hy) (1 —0)

a1 (he) (1 — 04) + a0 (he) o
ay (hy) (1—0)+ag(hy)o

(1 — o (he))og + (1 —ag () (1 — Ug)7
(I—ai(l))o+(1—ao(h))(1l-0)

(1 —on (l) (1 —0g) + (1 — g (M) oy
(I—ag()(1—0)+(1—ag(h))o

’A)/(Clt:].,'l}zl,h”

’?(at:]ﬂvzouht> -

’?(atZO,U:Lhﬂ

’Ay(at:(),v:(),ht) =

We now show that in all non-perverse equilibria either the manager with
the high signal or the manager with the low signal play a pure strategy.

Lemma 10 There are no mized strategy equilibria in which 0 < af < of <1
for any t.

Proof. Consider a putative equilibrium in which 1 > of > 0, i.e. the
agent at time ¢ who receives signal zero is exactly indifferent between buying
and selling. We will show that in this equilibrium, it must be the case that
the agent who receives signal 1 at time ¢ must strictly prefer to buy rather
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than sell. Consider the expected direct payoff difference between buying and
selling: > o, Pr(v|hy, s;) A (x (p¢,p},v)). This can be written as

fes) (m(L=pf) —m(pf = 1)) + (1 = f (pe,se)) (w (0= pf) — 7 (p} — 0))

Since 7 (1 —p§) —m (P} —1) > 0> 7 (0 —pf) — 7 (p} — 0), and by Lemma 9
f(pe, 1) > f(p,0), it is clear that

Z Pr (vlhy, s, = 1) A (X (pf,pi’,v)) > Z Pr (vlhy, s, = 0) A (X (pf,pi’,v))

v=0,1 v=0,1

Now consider the expected reputational payoff difference between buying and
selling: >, o, Pr(v|hy, s¢) Ar(% (v, hy)). This can be expressed as:

f ey 30) [r(F (1, ey 1) =1 (5 (0, by, 1)1 = f (pr, 8¢)) [r(5 (1, B, 0)) =7 (5 (0, he, 0))]

Notice that 4 (1, ks, 1)) > 4 (0, hs,1)). To see why consider the expres-

ogtao(l—oy) (1—a1)og+(1—ap)(l—0y) .
aolz1g'+33(1fcr§ < (1f01[1)g.+(1733)(170_§ . Algebralc ma-

nipulation shows that this implies that (o, — o) (0q — ap) < 0 which is a
contradiction since o, — 0 > 0 and a3 — ap > 0. Similarly it is also
true that 4 (1, ht,0) < 4(0, R, 0). To see why, consider again the expres-
sions above. Suppose a;gl(;fjgigggg > u@f‘;igt;ﬁ;ig:gg;gg This implies that
— (04— 0) (a1 —ap) > 0 which is a contradiction. Thus, 7( (1, 1)) —
(% (0, h, 1)) > 0 > (5 (1, he, 0)) — (5 (0, hy, 0)). Given Lemma 9, we know
that f (p;,1) > f (pt,0), and thus

> Pr(vlhe, s = 1) Ar(y (v, b)) > Y Pr(vfhe, s, = 0) Ar(§ (v, hy))

’U:071 U:O71

sions above. Suppose

Finally, the arguments above imply that

> Pr(vlhy, s = 1) (BAT + (1 — B)Ar) > Y Pr(vfhy, s, = 0) (BA7 + (1 = B)Ar) = 0

1):071 1):071

Thus, if 0 < a®(h;) < 1, then o (h;) = 1. An identical argument establishes
that if 0 < a!'(h;) < 1, then a®(h;) = 0. This completes the proof of the
lemma. =

Let {as, (h;)}{_;* be any non-perverse perfect Bayesian equilibrium of this
game: «aq(hy) > ap(hy) for all hy.
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Lemma 11 For every € > 0 there exists py (€) and ps (€) such that (for all
ht).'
Am > —¢ for all py > po (€)

and
Am < e for all p; < p1 (¢)

Proof. With terms defined as above, first consider the expected direct
payoft difference between buying and selling. By a slight abuse of notation,
we can write:

Ar = Z Pr (v]he, s¢) (m (v = pf) — 7 (p) — v))

v=0,1
= flpes) (m(1=pf) =7 (= 1)) + (1~ f (P, 1)) (7 (0= pf) — 7 (p; — 0))
Note that this function is bounded above by

Ue = Y Pr(vlh,s) (m(v) — 7(-v))

v=0,1
= flpese) (m (1) — 7w (=1))
And it is bounded below by
Le = Y Pr(vlh,s)(m(v—1) = x(1—v))

v=0,1
= (1= f(pese) (w(=1) =7 (1))
It is apparent that U, > 0. From Lemma 9 we also conclude that U, strictly
increasing in p; and lim,,_,o U, = 0. Similarly, L, < 0, strictly decreasing in
p and limy, ,; Ly = 0.
This means that for every € > 0 there exists p; (¢) and p, (¢) such that
Am > —¢ for all p, > ps (¢)
and
A < e for all p; < Py (¢)
|
Second, consider the expected difference in reputational payoffs between
buying and selling. Again, abusing notation, we write:
Ar = flpe,s) (r(Y(a=10v=1"MR))—r(¥(a=0v=1"N)))
+<1 - f(pt; St)) (T (ﬁy (at = 17 v = 07 ht)) -r (ﬁy (at = 07 U= 07 ht)))
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Lemma 12 For every number € > 0 (but not too large), there exist py (¢)
and ps (&) such that (for all hy):

Ar > e for all py > po (€)

and
Ar < —e for all py < py () .

Proof. From Lemma 10 we know that there cannot be an equilibrium in
which 0 < ag (ht) < aq (hy) < 1. Thus, either 0 = g (ht) < a3 (ht) < 1 or
0<ap(hy) <aq(hy)=1.

If 0= g (h) < g (hy) < 1, the difference

r(Y(ap=1Lv=1"h))—7r(¥(a, =0,v=1h))

Og (1—ai (M) o, + (1 —0y)
" (?7) ‘T( 1— o (ht))ai(l—a) 7) ’

reduces to

which lies in the interval:

(3) o () (220)

On the other hand if 0 < ag (ht) < ay (ht) = 1, then the difference reduces
to
. Jg+a0(ht)(1—ag)7 . 1—097
o+ ag(h)(1—0) l—o
which lies in the interval:
1—-o04 o 1—o04
l?‘(v) T(l_av),r((jv) 7“(1_07

Now, defining
1—
Ufzr(ﬁv) —T( ng) >0
o l—0

L= min 1) <1 (T220) o (29) =)

we note that in all non-perverse equilibria, the difference

and

T(’/)\/((It: 1,’(}: 1,ht))—7"(’/}\/(at:0,fl]:1,ht))
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is bounded below by L! and bounded above by U}
Now consider the case where v = 0. With a procedure (that we omit)
analogous to the one used above, we see that the difference

T(ﬁ/(at: 1>v:07ht))_T(ﬁ/(at:(%l]:()aht))

is bounded below by

1—
L2:r< Ugfy) —r(ﬁ’o <0,
1—0 o

and it is bounded above by

U° = max [r (v)—r (ﬁy) T (11__6;97> — r(v)} < 0.
Thus Ar is bounded above by
f@r, 50U + (1 = f(pe, 50))U;
and bounded below by
Fry o)Ly + (1= f(pe, s0)) Ly

Finally, we note that U} = —L2 > 0 and L! = —U? > 0. Thus, Ar is
bounded above by

Ur = f(pes s)Uy = (1= f(pe, 56)) Ly

and bounded below by

Lr = f(pt> St)L;E - (1 - f(pta St))Url

Now, utilizing Lemma 9 above, we know that U, strictly increasing in p;
and lim,, o U, = —L! < 0. Similarly, L, < 0, strictly decreasing in p; and
limy, ; L, = L} > 0.

Thus, for every number 0 < ¢ < L} there exists a price pa(€) < 1 such
that for p; > pa(€), Ar > e.

The part of the proof concerning p;(¢€) is analogous and it is omitted. m

Fix any number € € (0, L!). By Lemma 12, we know there exists ﬁg(E% <1

1—

such that for p; > pa(€), Ar > €. Now consider another number, p = T(E -
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) (where § € (0,¢)). By Lemma 11, we know that there exists Py(p) < 1
such that if p, > Py(p), then then Ar > —p. Thus for p, > max[ps(€), Dy(p)],

Au=5A7T+(1—ﬁ)ATZﬁ[—%(6—6)]+(1—ﬁ)€=<1—5)5>0

Thus, for any price greater than max[ps(€), Py(p)] the fund manager would
always choose to buy. The case for selling is symmetric.

8.2 Proof of Proposition 3

Suppose that the manager plays according to (1) and (2). above. Given the
symmetry of the game and the proposed equilibrium, we restrict attention
to py € [O, %] It is easy to see that a manager with s; = 0 always wants to
sell. Thus we can set o) = 0 for the relevant price range.

To simplify notation, let of = « denote the probability that a manager
with s; = 1 buys. Further, we define:

Pr(s;=1lv=1,h) = o
Pr(Stzlyht) = ZtEO_pt+(1_O_) (1_pt)
Under the equilibrium strategies, it is easy to compute the following prices:
o3+ (1—0)ao
T+ A=d)ax,
b 5%—1—(1—5)(1—@0)}7
02+ (1-0)(1—a%)™"

by =

and the following beliefs,

A o . (l-—a)o,+1—0
—1lv=1) = < = =1)= g 9
Y(ar=1,0=1) g Y(a;=0,0=1) I—a)jori—o
. l—o . l-—a)(l—0,)+0
V(Gt U O) 1_0_7 W(Gt 07U 0) (1—()5)(1—0)+U

Notice that in computing 4 (a; = 1,v = 1) and 4 (a; = 1,v = 0) we have not
restricted attention to o > 0. We are thus implicitly imposing the following
off-equilibrium beliefs: if a manager trades in a contrarian manner in a region
where equilibrium strategies require conformism, then he is assumed to have
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played sincerely. The beliefs used here are natural, in that they would be
the on-equilibrium beliefs that would occur if a small proportion of managers
always traded sincerely for exogenous reasons.

Now, consider a manager with s, = 1. His expected trading profit from
buying instead of sell is

Amy (py, ) = %fi —pf —p?
His expected reputational payoff from buying instead of selling is

Ary (pa) = o8 (F(as=1,v=1) =4 (a; =0,v =1))
+(1_@1)(&(at:17U:O)_’?(at:0>1}:0>>‘

Finally, define the total differential payoff from buying instead of selling as
Auy (pr, ) = BATY (pr, ) + (1 = B) Ary (pr, @) -

In order to show the result, we need to show that for a given (7, 0p,04,9),
there exists a 8 > 0 such that for all § < 8, Auy (p;, 1) > 0 for p; > p and
Aug (p,0) <0 for p, < p. The first step is captured in the following lemma:

Lemma 13 Given (v, 04,04,0), there exists a B, > 0 such that for all § <
B4, for every o, Auy is increasing in p;.

Proof. Given (v, 0y,0,), we have

For every a € [0, 1],

(Flae=1v=1)—F(a;=0,v=1)) = (Y(ar = 1L,v=0) =Y (a; = 0,v = 0))

= ymn <% - (}1_—(10)4)05 j: 1 - Zg) - <11_—(j;g - (%1_—040)4)(}1_—053 1 Zg)

(-0 ()

is strictly positive. Also

0 ., 0%—0Rc—1)p o(1l—o0)
a5 U1 = 2 = 2
apt Et Et
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But maz,,co 13 = 0 (3)+(1—=0)(1—(3)) =2 Hence

aivl > 40 (1 — o) for all p;.

Pt
Therefore
iA?‘l (pr,a) > 4o (1 —0)y <ﬁ — ﬂ) for all p; and «.
Opy o 1—0

It is also easy that—Awl (pi, ) is bounded below on p; € [0, %] Hence,
given (v, oy, 04, 6), there exists a 8 low enough such that

b Am (prr0) + (1 — B) == Ar, () > 0

Opt
for every p; € [O, %] and a. m

For the remainder of the proof, consider 3 < 3,. Let p to be the unique
solution of Au;y (pg, 1) = 0. Clearly, Auy (pg, 1) > 0 for all p, > p. Note that,
for =0

Auy (p,1) = Ary (p,1) = (20:(p) — 1) (% - 1%?) 7=0

1
and thus
(o) = =
1p—2
We now argue that for § =0, Auy (p,0) < 0. When =0
) = A= Ug N 1—0'9
Auy (p,0) = Ari(p,0) = U1<p)(; — 1)y + (1= 01(p))( l—0 1)~
Loy 11— 1 o l1—0o
= (=L - 1—= )y = o(Ze 2%
S =D+ (1= 5 (=2 =Dy =57+ T2 - 2) <0

since £ + —1 < 2. Then, by continuity in f3, for a given (v, 0y, 0,,0), there
exists 62 > O such that for all 3 < B,, Au; (p,0) < 0. But then, by Lemma
13, for such 3, Auy (p,0) < 0 for all p < p. Now set 3 = mm(ﬁl,BQ) and the
proof of existence is complete. For the non-existence of “more informative
equilibria, we need the following additional result:

Lemma 14 There is a 3 small enough such that for every o € (0,1) and
fO’f‘ (lep <D, Aul (ﬁa 1) > Aul (p> OZ).
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Proof. Consider

d oo d o d
L Ay (2.0 g = =1 (5) e (0 = 0,0 = )= (L = 8y () e e = 0,0 =
But note that
d(l-a)joy+1—-0, Oy —0
doe 1—a)o+1—0 (1—a)o+1—0)
d(l-a)d—-0g)t0, _ 99— 0
dao (1—a)(l1—0)+0o (1—a)(l—-0)+o0)

But (1-a)o+1—0<(l—a)(l—o0)+o for o€ (0,1) implies that

d . d .
—@fy(at:O,vzl) > @fy(at:Qv:O)

If 83— 0, % (p) — + and

d
= Ary (p, )|, > 0.
But then Au;y (p, 1) > Auy (p, «) for every a € (0,1). By lemma 13, for every
aand p < p, Auy (p, ) > Ay (p, ). ®

Suppose that p; < p and that there exists an informative nonperverse
equilibrium. We know that in such a case a manager with s; = 0 must sell
for sure. But lemma 14 also says that Auy (p,a) < 0 for all @ and p < p.
Then, a manager with s, = 1 would sell for sure as well. But then the
equilibrium is not informative. This completes the proof of the result.ll

8.3 Proof of Proposition 6

First, it is easy to check that in a non-perverse equilibrium, given h;, there are
at most two realizations of s; for which the agent randomizes among actions.
A non-perverse equilibrium is characterized by a partition of the interval
[Smin, Smax] iNto three regions. Let s, denote the threshold below which the
fund manager sells for sure and above which he does not trade. Let sy be
the equivalent threshold between not trading and buying. It is clear that if
this non-perverse equilibrium is to be informative (that is, allow for prices to
converge to true value in the long run), either sy < Spax Or S, > Smin Or both.
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We assume that s;, > sy, and show that in this equilibrium, it is impossible
for p; — V. The case for sy < Spax and p; — Vpax 18 symmetric.

The proof is by contradiction. Suppose that v = vy, (the proof for a
high v is analogous) and that there exists an equilibrium in which p; — V.
It is clear that in a non-perverse equilibrium

lim E[r(y(buy,v))] = r(7(buy, vmm)),

Pt—VUmin

that is, as prices converge to vy, all fund managers expectation of the rep-
utational return from buying converges to the ex post reputational return
when the posterior is evaluated at vpyy,.

Consider a fund manager with signal s, € (sy,0). The equilibrium dic-
tates that he buys. When p; — v, the expected reputation of a manager
who buys is
yPr (s> syl = g, Vmin)

Pr (s > sg|vmmn)

VJow™ fo (] imin) ds

Smax Smax

'Yf (8|Umin) ds + (1 =) sz fo (8|Vmin) ds

v fsi;nax [ (8]vmin) ds
(v +7 (@ =2)) [ fo (slvmin) ds + (1 =) (1= 7) [ f (s) ds
and similarly, the reputation of a manager who sells is

’Y fs?m fg |Umin> dS
7@ =) fy (slomm) ds + (L—7) (L—7) [ - [ (s

Smin

Pr(0 =g|s > sy, Umin) =

Pr(0 = g|s < s, Vmin) =

We shall show that Pr (0 = g|s > sy, Umin) < Pr(0 = g|s < Sp, Umin). For
this, it suffices to show that

fsmax Jo (s ( |Um1n) S f;:ax f(s) ds
fsmm |Um1n fsile f S

Jor= fs)ds 32, k(v) [0 fy (sv) ds
fSSL f(s)ds z k(v) fsmlnfg (s|v)ds

min

where for all s” > s and all v > Vg,

fo (") ds _ fo (" |vmin) ds
fq (s'|v)ds - fo (8'|Vmin) ds
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by the MLRP. This then implies that the above is true for all s” € (sg, Smax]
and s’ € [Smin, S1) and thus Pr (0 = g|s > sy, vmin) < Pr (0 = g|s < s1, Umin)-
Note that this analysis could have been just as well carried out even if sy =
Smax- In this case, we would have considered a trader whose equilibrium
strategies for s > sy would have been not to trade. An argument identical
to the above would establish that as p; — vmn, this trader would enjoyed a
strict reputational gain by defecting and selling.

Finally, from our earlier arguments, it is clear that as p; — vy, ex-
pected trading profits become infinitesimal. Thus, traders whose equilibrium
strategies require buying or not trading would prefer to deviate and sell, and
thus this cannot be an equilibrium.H

8.4 Proof of Proposition 7

Suppose there exists a non-perverse equilibrium in which a fund manager
who observes z; = g always plays a; = s;.

Consider a fund manager with z; = 1 and s; = 0 and suppose that the
current price is p;. Let

'lA);t7Zt =F [U’St, Zty ht] .
It is easy to see that

for all sy, 2.

Hence, the expected benefit in terms of trading profit of playing a; = 0
instead of a; = 1 for a fund manager with z; = g and s; = 0 goes to zero as
price approaches 1:

lim A7m = 0.

pt—0

The expected reputation benefit/cost of playing a; = 0 instead a; = 1 for a
fund manager with z; = g and s; = 0 is

Ar = 7 (( (a4 = 0,0 =1) — 4, (@ = 1,0 = 1)))
+(1—@?’g)(ﬁt(at:(),v:())—%(a Lo

iy
I
I
@)
~
~—

Thus,

limlAr:'Ayt(at:0,1):1)—’%(@,5: Lv=1).
pr—
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As p; — 1, a fund manager with z; = g and s; = 0 plays a; = 0 only if
’?t(at:(xv:l)Z’?t(at:LU:l)' (1)

In a non-perverse equilibrium in which a fund manager with z; = ¢ plays
a; = sy, as py — 1, beliefs have the following bounds (based on the assumption
that all agents with z; = b play a; = 1):

Pr(6 = glnot (zy =1and s; =0),v =1)

>
< Pr(@=glzr=1,8=0,v=1).

It is easy to see that

Pr(0 = glnot (2 =1and s; =0),v=1)
(1=p)y

> Prl=gl =0 =g T 0y

and

(1 —0y)py

Pr0=glz=15=0v=1)= I=ag)py+ (1 —00)(1=p)(1=7)

Inequality (1) is satisfied only if

(L—0oy)py - (L=p)y
(I=0og)py+ (1 =0p)(1=p)(L=7) — (L=p)y+p(l—2)

Ifp— %, the inequality reduces to

(1—04)y
(I—og)y+(1—0p)(1—7

>,
)

which is false.l
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