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Abstract

We study strategic trading by a privately informed blockholder who monitors a
company and trades its shares. Private information results in larger block sizes in
good states, but by increasing the speed of the blockholder’s selling, it can result in
lower block sizes in bad states. Despite the heterogeneous impact on expected block
size, we show that asymmetric information leads to Pareto improvements: it raises
stock prices, benefits small uninformed shareholders, and benefits the block owner,

despite the negative impact on liquidity.
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1 Introduction

Blockholders play a prominent role in capital markets (Holderness (2007)). They monitor
firms and promote changes that affect firm productivity through various channels (e.g., nego-
tiations with management, proxy fights, etc.). These endeavors are costly to the blockholder,
and small shareholders may free-ride on them. A blockholder thus faces a trade-off: he can

*We thank Peter DeMarzo, Jeremy Bertomeu, Ilan Guttman, Yiwei Dou, Borja Larrain, Chandra Kan-
odia (discussant), Seung Lee, and seminar participants at NYU, Michigan U., Stanford, Columbia, Baruch,
Berkeley, Washington U, Universidad Catdlica, FIRS, and UCLA for comments and suggestions.

fStanford Graduate School of Business.

tUniversidad de los Andes, Chile.



mitigate free-riding by owning a large block, thereby enhancing his own incentive to monitor
the firm. However, by doing so, he compromises his own portfolio (diversification) needs.!

We study strategic trading when a large blockholder is privately informed about his
(time-varying) ability /cost to monitor the firm and investigate the impact of asymmetric
information on the dynamics of blockholder ownership, firm productivity, and stock prices.

Empirically, the monitoring of the blockholder varies over time in ways that are difficult
to anticipate for the market participants (see Hadlock and Schwartz-Ziv (2019)) as these
decisions depend on the incentives and circumstances of the blockholder, which are private
information. For example, sometimes, a blockholder’s involvement may be boosted by the
arrival of ideas and opportunities to improve firm management or be hampered by a dete-
rioration of the relationship between the blockholder and the firm’s manager. Sometimes,
the blockholder’s involvement may change as a consequence of variation in the blockholder’s
liquidity needs. This uncertain blockholder involvement is not only empirically relevant but
also has important consequences that have not been theoretically studied.

Building on Admati et al. (1994) and DeMarzo and Urosevi¢ (2006), we consider a dy-
namic trading model between a large investor (or blockholder) and a continuum of com-
petitive investors but consider an environment with private information.? In each period,
the blockholder can both trade and work/monitor the firm to increase the firm’s cash flows.
Crucially, the blockholder cannot commit to holding a large block; thus, he trades over time
based on his private information and portfolio preferences. The productivity of the block-
holder’s effort is private information and varies over time. Thus, we depart from previous
literature by considering a setting that combines moral hazard and trading under asymmet-
ric information. We also contribute to the literature studying the signaling role of ownership

retention and extend it to a dynamic environment (Leland and Pyle, 1977; Gale and Stiglitz,

1989; DeMarzo and Duffie, 1999).3

IThese trade-offs have been long identified by corporate governance scholars and practitioners, at least
going back to work by Berle and Means (1932), Alchian and Demsetz (1972), and Jensen and Meckling
(1976).

2The seminal papers on large shareholder monitoring are Huddart (1993) and Admati et al. (1994).
The closest paper is DeMarzo and Urosevi¢ (2006), which extends the static models to a fully dynamic
environment where blockholders can monitor and trade over time. Unlike DeMarzo and Urosevié¢ (2006), we
consider a setting with asymmetric information.

3Gomes (2000) also studies a reputation game with two types of managers/owners who differ in terms
of their cost of effort. In Gomes (2000), the manager’s effort is observable. Unlike in Gomes, we allow for
hidden effort and time-varying private information.



As in settings without asymmetric information, the blockholder sells his entire block over
time — regardless of his ability to increase firm value via monitoring effort — due to lack of
commitment (DeMarzo and Urosevi¢, 2006).

We assume that the blockholder bears holding costs to capture the blockholder’s liquidity
and diversification needs. Two cases need to be distinguished depending on the magnitude
of holding costs. First, when the blockholder’s holding costs are low, the blockholder’s
continuation payoff is convex in his stake, giving rise to increasing returns to scale. This
convexity arises because the monitoring effort is proportional to the blockholder’s stake.
In this case, the blockholder refrains from selling in the high-productivity state and sells
smoothly in the low state.

However, when the cost of holding a large position is high, the blockholder’s continuation
payoff becomes concave in the position. In this case, the blockholder sells smoothly under
high productivity, but as soon as the productivity drops, the blockholder liquidates all his
holdings, consistent with the Coase conjecture.

We study the welfare impact of asymmetric information. Contrary to static models,
where signaling entails deadweight costs to the seller, in our dynamic setting, the presence of
private information yields a Pareto improvement relative to the symmetric information case.
On the one hand, asymmetric information benefits small, uninformed shareholders because
it leads to a larger block, thereby boosting blockholder monitoring and, ultimately, the firm’s
cash flows. As mentioned above, by reducing liquidity, asymmetric information reduces the
speed of selling in high-productivity states, thus extending the length of the blockholder’s
monitoring, particularly when it is most effective. This leads to a higher stock price. In
turn, this increases the dividends earned by small shareholders.

On the other hand, the blockholder’s payoff weakly increases when he has access to
private information, unlike in a static setting where private information would typically
force the blockholder to signal his type through inefficient retention (Leland and Pyle, 1977;
Vanasco, 2017). Again, the size of this effect depends on the blockholder’s cost of holding
a large position. When this cost is small, asymmetric information has no impact on the
blockholder’s payoff. In other words, the blockholder obtains the same payoff regardless of
the information structure. The reason is that, due to lack of commitment, the blockholder
can neither extract rents from trading nor bear signaling costs as in a static setting but

trades in a competitive fashion, regardless of whether he has access to private information



or not.

Surprisingly, when the blockholder’s holding cost is high, the blockholder’s payoff is
higher under asymmetric information, particularly in the high-productivity state. In this
context, it becomes too costly for the low type to sell slowly, and as mentioned above, the
low type sells immediately. Since the low type exits the market immediately, the high type
faces a more liquid market thereafter, which allows him to sell the stock without triggering
a large price drop. Thus, when holding costs are large, the blockholder is able to extract
some of the gains from trade. Indeed, under asymmetric information, the high type refrains
from selling too fast because of its price impact, which acts as a commitment device that
mitigates Coasian forces, allowing the blockholder to extract rents from trade.

So, contrary to conventional wisdom, the blockholder’s access to private information
improves the welfare of uninformed shareholders without having an adverse effect on the
blockholder’s payoff, in contrast with a setting without monitoring*

We consider two extensions to our analysis. First, we extend the analysis of our two-type
model to consider the case when there is a finite number of types. We find that the main
insights of the two-type model remain when there are multiple types. Interestingly, we find
that when the lowest type payoff is convex in his stake, there is a breakdown in trade. Only
the lowest type trade, and all the remaining types refrain from selling. However, when the
lowest type payoff is concave in his stake, this type exits immediately, which allows the rest
of the types to trade at positive rates that are decreasing in their types.

Second, we also consider pooling equilibrium. Throughout the paper, we focus on the
least costly separating equilibrium. In this equilibrium, reputation concerns provide some
level of commitment to the high type. In his attempt to separate from the low type, the high
type refrains from quickly selling his shares, which ameliorates the commitment problem.
On the other hand, in the pooling equilibrium, it is the low type’s commitment problem that
is ameliorated by reputation concerns. In an attempt to pool with the high type, the low
type trades at a rate that is lower than if his type were known. In this way, reputational

concerns allow an increase in the low type equilibrium payoft.

4This result is reminiscent of the theory of the second best (Lipsey and Lancaster, 1956), whereby two
frictions combined (lack of commitment and asymmetric information) lead to a more efficient outcome than
a single friction (lack of commitment).



Related Literature

Our paper speaks to the literature on the role of liquidity in corporate governance. A key issue
in this literature is that a blockholder may have incentives to sell his shares (“cut and run”)
instead of bearing the cost of monitoring, particularly when the firm is underperforming. This
has led some authors to conclude that market liquidity might be detrimental to corporate
governance (Coffee, 1991; Kahn and Winton, 1998; Noe, 2002; Faure-Grimaud and Gromb,
2004).°

One counterargument is that liquidity might reduce the free-riding problem in takeovers
(Grossman and Hart, 1980; Shleifer and Vishny, 1986). By facilitating the creation of a
large block in the first place, liquidity can actually strengthen the firm’s corporate gov-
ernance and improve performance (Kyle and Vila, 1991; Maug, 1998; Back et al., 2018).5
Another counterargument is that liquidity facilitates the use of “voice” as a governance
mechanism (Hirschman, 1970).7 Indeed, if the manager’s compensation is tied to the price
of the company, so the manager is hurt by selling forces that would bring the price down,
investors can discipline the firm by threatening to sell their shares (Admati and Pfleiderer,
2009; Edmans, 2009). Our results support the notion that illiquidity /adverse selection can
have a positive impact as it mitigates blockholders’ lack of commitment to keeping their
shares and monitoring the firm, especially when this is most useful, i.e., when productivity
is high.®

To conclude, we note that our paper is related to the literature on durable good monopoly
with incomplete information and to the literature on bargaining with two-sided asymmetric
information (Cho, 1990; Ausubel and Deneckere, 1992). The closest paper in this literature
is Ortner (2020), which considers a bargaining model with time-varying costs. Due to the
different focus and applications, our model differs in a number of ways. First, unlike this

previous literature, we consider a setting with common values in which the seller’s private

5This idea has been behind policy proposals attempting to reduce trading. For example, the European
Union agreed to implement a transaction tax in September 2016.

6We depart from this literature by considering a dynamic signaling model — in which blockholdings
are observable — rather than a microstructure model, where trading is unobservable and trading by the
blockholder is obscured by the presence of noise traders.

"This literature is surveyed in Becht, Bolton, and Roell (2003) and Edmans and Holderness (2017).

8 A related literature on loan sales and security design considers the impact that liquidity in secondary
markets has on ex-ante screening of project quality. For example, Vanasco (2017) studies the role that
adverse selection may play in fostering ex-ante screening to originate projects of high quality.



information affects the buyer’s valuation. Second, the buyer’s valuation is directly affected
by the blockholder trading strategy. These differences have a significant effect on the nature
of the equilibrium. In contrast to the literature looking at durable goods monopolies with
two-sided incomplete information, we derive conditions under which the equilibrium entails
trade by all types and positive rents for blockholders. We show that the Coase conjecture
holds (in the sense that the monopolist is unable to extract rents) only when the blockholder’s
cost of holding large positions is small. However, we show that the Coase conjecture fails if
this cost is sufficiently high. In durable good monopoly and bargaining models, incomplete
information about costs generates an extreme form of inefficiency by completely eliminating
trade. On the contrary, we show that asymmetric information increases welfare in our setting,
where blockholding has an effect on productivity. Not only does overall welfare increase,
but we also show that the equilibrium with asymmetric information Pareto dominates the

equilibrium with symmetric information.

2 Setting

Drawing from the works of Admati et al. (1994) and DeMarzo and Urosevié (2006) (2006),
we delve into an examination of the actions undertaken by a large investor, referred to as
a blockholder, who possesses the ability to engage in stock trading and incur expenses for
activities such as monitoring in order to enhance a firm’s overall productivity. Our analysis
encompasses not only the influence of a blockholder but also considers a vast array of small

investors who act as price-takers and lack the capacity to impact the firm’s cash flows.

Asset Time t is continuous, and the horizon is infinite. There is a single firm in unit supply

with cumulative cash flows J;
d(;t = (,LL + Qtat)dt + th, (1)

where a; > 0 is the blockholder’s effort, §; € {6,0} where 0 < § < 6, is the blockholder’s
productivity, and M, is a martingale. By assuming that the blockholder effort increases
the firm’s dividends, we capture the idea that the blockholder’s incentives to exert effort are

proportional to the blockholder’s ownership. In turn, this assumption will drive a connection



between the stake of the owner and the value of the firm, as documented in Larrain et al.
(2020). We assume a multiplicative technology for a; and 6; to capture the fact that empir-
ically there is wide variation in blockholder involvement, which suggests that blockholders
differ in terms of productivity (see, e.g., Hadlock and Schwartz-Ziv (2019)).

To be specific, variation in #; may capture the fact that the arrival of ideas and projects
to improve firm management is random. Alternatively, this may capture the idea that the
relationship between a blockholder and the firm management is subject to shocks that affect
the ability or willingness of the blockholder to engage the firm and boost its performance.

By blockholder productivity, we mean the quality of the match between a firm and the
blockholder broadly. This quality is uncertain and varies over time, insofar as the block-
holder’s incentives and ability to monitor —as well as the intensity of agency frictions— also
vary randomly (an alternative interpretation is that 6, captures the blockholder’s opportu-
nity cost of monitoring the firm, which depends on how busy the blockholder is at a given
point in time).

We assume that the cash flows §; are publicly observable, but the blockholder’s effort
a; and productivity 6, are not, so there is a moral hazard problem. Moreover, due to the
shock M;, the blockholder’s output a,8; cannot be perfectly inferred from the realized cash
flows d;.” The realized cash flows are distributed as dividends to shareholders in each period.
Therefore, we interpret d; as the company’s dividend payout. Conditional on 6, the firm’s
dividend ¢; is random. This assumption is important because otherwise, the market would
infer the state 6; from the dividend, and the blockholder’s trading would not be informative
about the fundamentals 6,.

We refer to a; as blockholder effort but interpret it broadly as any costly action undertaken
by the blockholder affecting the firm’s cash flows. We are agnostic as to the source of this
effect. In the case of an external investor, one can think of a; as the blockholder’s monitoring
of the firm’s management — which disciplines managers and mitigates agency conflicts—
or as the influence the blockholder exerts on the firm’s management choices (as in Admati
et al. (1994); Stoughton and Zechner (1998); DeMarzo and Urosevié¢ (2006)). Examples of a;
include public criticism of management or launching a proxy fight, advising management on

strategy, figuring out how to vote on proxy contests launched by others, or abstaining from

9For example, this is the case if M, is a Brownian motion or a compensated Poisson process M; =
9 9.a . . L. .
N;** — Oay, where N;** is a Poisson process with intensity 6;a;.



extracting private benefits at the expense of minority shareholders. In the case of a CEO or
founder of a company, a; can represent effort or a reduction of private benefits that increase
the productivity of the firm.

Productivity follows a two-state Markov-chain with switching intensity {Ag, A}, where
A is the switching intensity from 6 to @, and ) is the switching intensity from 6 to §. We
generalize this aspect of the model in section 5.1. The probability of the high state in the
stationary distribution is lim;_,o Pr(f;, = 8) = © = Ay /(A + Ag), and the mean reversion
of the process is A = A\, + Ag. Whenever convenient, we parameterize the stochastic process

6; in terms of (A, 7).

Information: The owner of the company observes the productivity #; privately in addition
to the public dividend ¢;. The market observes the dividend d; and the blockholder’s block
;. We denote by E[] the expected value at time t given the market’s information and let

E;[-] denote the expected value given the blockholder’s information.

Strategies: The blockholder selects effort a; and holds a stake or block x; € [0,1]. The
blockholder chooses effort continuously but is restricted to trade at datest € {0,¢1,ta,...,tn}
where t, = nA for n < N and ty; = co. The stake x; is constant between trading dates,
so xy = xy, for all t € [t,,t,+1). We denote the quantity traded by the blockholder at t,, by
Az, = w3y, — Ty, .

Although our main focus will be the continuous time (infinite horizon) case, we assume
here that there are a finite number of trading periods so we can use the concept of Perfect

Bayesian Equilibrium, and we then take the limit as N — co and A — 0.

Preferences: Small competitive investors (hereafter the market) are risk neutral and dis-
count future cash flows at a rate r. Because competitive investors are risk neutral, in

equilibrium, the price of the stock is given by

pt = Et |:/ e—r(s—t) (M + Qsds)ds )
t



where a; is the effort of the blockholder conjectured by the market. The blockholder expected
payoff is given by

Vo =E / e u(xs, as,05)ds — Z e "rpy Amy, |
0

where the flow payoff u(z,a,0) is given by
1
u(z,a,0) = (1 + 0a)x — 3 (¢7'a® +72?).

The first term, (p+6a)z corresponds to the expected cash flows z; E;[dd;]. The second term,
a’/2¢, is the private cost of effort, where 1/¢ captures the severity of moral hazard and
the degree to which the blockholder will become involved. In practice, this varies between
types of blockholders. Indeed, the empirical literature has documented that blockholder
involvement varies across blockholder types, for example, being relatively weaker for financial
blockholders.!® In our model, this would be consistent with financial blockholders having a
high cost of monitoring, or a small ¢.

The final term yz?/2 captures the costs of holding a stake z. Although the holding cost
cannot be directly linked to risk aversion, it can represent the financing cost of holding a
large position in the firm!' The quadratic holding cost is popular among financial institutions
practitioners (Almgren and Chriss, 2001), and has also been used extensively in the dynamic
trading literature (Vives, 2011; Du and Zhu, 2017; Duffie and Zhu, 2017).12

Equilibrium definition We study the Perfect Bayesian Equilibrium of the game. On the

one hand, because the effort is not observable and the cash flows are noisy (with full support

0For example, Hadlock and Schwartz-Ziv (2019) argue that “many of the data patterns can be interpreted
as consistent with a governance role through monitoring by nonfinancial blocks and through trading for
financial blocks.”

1The one exception where the holding cost can be directly linked to risk aversion is the case in which the
cash flow process is Gaussian, and traders have CARA preferences.

12As Duffie and Zhu (2017) point out holding costs may be related to regulatory capital requirements,
collateral requirements, financing costs, agency costs related to the lack of transparency of the position to
higher-level firm managers or clients regarding true asset quality, as well as the expected cost of being forced
to raise liquidity by quickly disposing the remaining inventory into an illiquid market. This assumption is
common in models of trading, as well as in models of divisible auctions. See e.g. Vives (2011); Rostek and
Weretka (2012); Du and Zhu (2017).



for all effort levels), there is no need to consider the beliefs about deviations in effort a;.
If oy, ., denotes the market’s belief that the blockholder type is 0 at the beginning of
period t,41, and V11 (z, 0, a) denotes the blockholder’s continuation value at the beginning

of period t,1, then the effort policy a = (a;);>0 must solve

max [, {/t"“ G_T(S_t)u(xtn, as, 0s)ds + e_r(t”“_t)vnﬂ (x4, 9tn+1, Oétn+1)
(as)selt,tnr1) ¢

Since the block x; is observable and 6; is private information, we need to consider the direct

impact of trading on market beliefs. As is well known, signaling models have multiple

equilibria. Therefore, we need a refinement criterion. We focus on equilibria that survive

repeated application of the Intuitive Criterion of Cho and Kreps (1987) starting from the

final trading date ty. In particular, at each trading date, t,,, we consider equilibria satisfying

the Intuitive Criterion in the stage game with blockholder’s payoff

~

Vo (x 4+ Az, 0,0) + p, (z + Az, a) Az,

where « is the market belief, p,, is the price, and V., is the post-trade continuation payoff,

given by

N tn+1

Vo(z,0, ) = (as) H[lta}: ) Eq, |:/t e_r(s—tn)u(% as, 0s)ds + e—r(tn+1—tn)vn+1($’ Oty atn+1)
S)s€ltn,tp41 n

This approach will allow us to characterize the least costly separating equilibrium of the
trading game. In this context, we can drop the dependence of the continuation payoff on
the market belief o and denote the continuation payoffs before and after trading at t, by
V,(,0) and V,(z,6), respectively.

Our model is closely related to models of durable goods monopoly with incomplete infor-
mation about costs and models of bargaining with one-sided offers and two-sided incomplete
information (Ausubel and Deneckere (1992); Cho (1990); Ortner (2020)). In particular, the
existing literature highlights that a broad range of equilibria can be sustained by incorpo-
rating pessimistic off-equilibrium beliefs. These beliefs assign a substantial probability to
the weakest type in the event of a deviation. This approach has been well-documented in

the literature (Cho (1990) and Ortner (2020)) and aligns with our emphasis on exploring

10



separating equilibria.

3 Equilibrium Characterization

3.1 Final Trading Date

We solve the equilibrium by backward induction. The first step is to find the stake of the
blockholder on the last trading date. This corresponds to a static signaling model in which
the blockholder starts the period with xn = x;,_ and chooses the final stake z,, = zn;.
Once trading is no longer possible, the blockholder effort a; is chosen to maximize the
flow payoff u(zni1,as,0:), which yields that a; = ¢f;xy41. Conditional on 6;, = 6 the

buyers’ valuation boils down to
pPn(TNn41,0) = g + (CN(H) + %) TN+1

and the blockholder payoft is

R 1.
Vn(rni1,0) = %JSNH + §CN(9)»’U?V+1

where Cy () = C™(6) is the coefficient corresponding to the expected payoff without trade,'?
which is given by

o M
rC™(6) = 08 =y + e (07— ) @)

_ _ A ~
ntez 02_ . L 02_02.
O (0) = 60— 5 — o E (0~ 6

If the blockholder trades Az and the market beliefs are «, then the trading price at ¢y is

pn(zy + Axy, ) = apy(zny + Azy, 0) + (1 — a)py(zy + Az, 6).

Thus, if the market beliefs are a(Azy) then the blockholder chooses the trading quantity

13The payoff without trade is

V™(z,0) =E [/ eiTtU($7¢9t$79t)dt’9o = 9} —Eay %Cm(ﬂ)xQ.
0 r

11



Axy by solving
Azxy(z,0) = arg max Vi(z + Az, 0) + pn(x + Az, an(Az))Az.

By standard arguments, the unique equilibrium satisfying the Intuitive Criterion is the least

costly separating equilibrium. Thus the trade of the low type Az y(x, ) solves
Vn(z,0) = max Vn(z + Az, 0) + pn(z + Az, 0) A, (3)
whereas the high-type trading Az y(x,0) solves

Vy(z,0) = max Vn(z + Az, 0) + py(x + Az, 0) Az
s.t (4)
Vi(z + Az, 0) + py(z + Az, 0) Az < Vy(z,6),

For signaling reasons, the high type cannot sell as much as he would in a symmetric
information environment: he has to retain a sufficiently large number of shares to convey
the firm’s value credibly. Put differently, to sustain a separating equilibrium; the high type
has to sell relatively little to ensure that the low type does not have the incentive to deviate
and mimic him.

Proposition 1 provides the solution to this problem.

Proposition 1. On the last trading date ty, the traded quantity of the blockholder, under

the least costly separating equilibrium, is Axy(x,0) = —Fn(0)x, where
Y
f=—1
Pn(®) rCn(0) + 2v
N . N 2 N L -
— (rCw@® +7) — rCw(0) - \/ (rCw(8) +7)" = 20Cw(0) (rCx(0) +7 = 1rCw ()
Bn(0) = - - :

12



and the market beliefs are

an(Az) = _
0 if Az < —By(O)x
The blockholder payoff is
Vi (z,0) = gx + %CN(Q):BQ,
where
1 (TON(_) +7>2
CN<Q) = ; =
rCn(€) +2v
Cn(0) = Cn(0) + (1= Bn(0))* Ty
Iy = Cn () — Cn(0).

The equilibrium in the last trading date is equivalent to a static version of the game.
The blockholder sells only a fraction of his holdings. Because of the signaling incentives,
the high type retains a bigger stake than he would under symmetric information. This
inefficiency reduces the payoff of the high type relative to the symmetric information case.
However, asymmetric information favors the small initial shareholders, who benefit from the
blockholder’s stronger incentives to retain his holdings and exert effort, thereby increasing
the firm value. As we shall see, the welfare properties of the equilibrium change dramatically

in the fully dynamic game.

3.2 Equilibrium with Discrete Trading

The next step is to characterize the equilibrium for trading dates preceding the last one,
t, < ty. If the blockholders’ continuation payoff at time ¢, is independent of the market’s

prior belief, then so is the post-trade value function Vn(t, r,0) at time ¢, which satisfies the

13



following HJB equation on t € (¢,,%,:1)

~

rVu(t, 2, 0) = max (u+ Oa)x — = (¢~ 'a® + v2°) + f/n(t, 7,0) + \p <Vn(t, z,0) — Vi(t, 9))

(670 +9%) + Valt,2.0) + Au (Valt, 2,0) = Valt,2,0) )

rVo(t, z,0) = max (u+ fa)x —

N~ DN~

with terminal condition Vn(th, x,0) = Vyiq(z,0). It follows that the optimal effort is
a(x,0) = ¢pbx. (5)
By standard results, the transition probability of 6, is Pr(6,,,, = 0|6;, = 0) = n(A|f) where

) =7+ (1—7)e 2

Substituting the optimal effort policy in the HJB equation and integrating backward, we get
that the post-trade continuation value Vn(x, 0) = Vn(tn, x,0) is given by

V(2. 0) % (1—e2) (/mr + %@(e) - 7)12)

+ e [1(A0)Vira(,0) + (1 = m(A]0)) Vi (x,0)]

where

_ _ r 1_67(T+)\)A

i 1 — e (rtnA
v(0)=¢62+¢(92—92){ N 7‘—17:)\( 156‘?A )]

3
3

Similar calculations lead to the market’s post-trade valuation at time ¢,, conditional on 6, .
Letting p,.1(x,0) = Pyt (x + Axyyq(x,0),0) be the price at the beginning of the trading
date n + 1, we can write the price at the end of the trading date n as

1
,

Pu(,0) == (L—e ) (u+v(0)z) + e [7(A10)pnii(x,0) + (1 — 7(A]|0))prsa(,0)] -
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We can proceed inductively at ¢,,, as in the last trading date t5y. We consider the trading
policy
Az, (z,0) = arg max V(@ + Az, 0) + po(x + Az, o (Az)) A,

where p,(x + Az, «) is the price at ¢, given market beliefs «, which is given by

Pn(Tn + Azp, @) = apy(x, + Az, 0) + (1 — @)pp(x, + Ay, 0).

Once again, by standard arguments, the Intuitive Criterion selects the least costly separat-
ing equilibrium. The trading strategy Ax,(x,#) is the solution to optimization problems
identical to (3) and (4) in which the incentive constraint of the weaker type is binding. The

next proposition provides a characterization of the equilibrium.

Proposition 2 (Discrete Trading Asymmetric Information). Suppose that 3,,(9) in equation
(6) satisfies

_ Pal0) — Cu(@
Bn(0) < A(,) A(,)
Then, in the least costly separating equilibrium, the blockholder trading strategy at time t,, is

Az, (z,0) = —5,(0)x, where

) = @) = Co(0)

and the market’s belief is

! 0 if Az < —B,(0)x.

The post-trade price p,(x,0) and the blockholder payoffs V,(z,0) are

Pulz,0) = 2 1+ 5 (0)2

T

L (5)
Vo(z,0) = ST+ §C’n(0)x2

15



where

Co(0) = Ca(8) + (1 = Ba(0)° T,

and the coefficients C’n(Q),ﬁn(H), I, satisfy the difference equation.

C8) = 2 (1= 72 (1(8) )+ €7 [Coua(8) + #(A10) (1 = s (9)* Ty
L= (1) (006) ~ 10) + 5 (1 501(6) T
5a(0) = 2 (1= €Y 0(0) e [(1 = (A1) Cos (8) + 7(AID) (1 = Bra(B)) ia D).

Two features are worth noting. In each period, both blockholder types sell a positive
amount —which, as we shall see, does not hold in the continuous-time limit. The high type
sells less than the low type and less than under symmetric information due to a stronger price
impact. The high type faces a relatively illiquid market, which forces him to retain a larger
stake than he would under symmetric information. Although the stake of the blockholder
decreases over time, it is always strictly positive.'*. The relatively low-frequency of trading
(compared to the continuous-time case) gives the blockholder some commitment power and
mitigates Coasian forces. Indeed, as we shall see, increasing the frequency of trading will
exacerbate Coasian forces, leading the blockholder to eventually sell his entire stake.

We are now equipped to derive the limit as N — oo. In the infinite horizon limit when
N — 00, the equilibrium in Proposition 2 becomes stationary and converges to a linear equi-
librium with coefficients (8a (), pa (), Ca () where B (0) is given by (6) and (pa(6), Ca(6))

solve the system of equations

Corollary 1. In the limit, as the number of trading periods grows large N — oo the valuation

14The evidence in the USA is broadly consistent with these dynamics: on average, insiders decrease their
ownership by 1% per year after IPO. A majority of these firms have insider ownership below 20% after 10
years. See Helwege et al. (2007). Internationally, a similar pattern is found in countries with strong investor
protection. See Foley and Greenwood (2009)
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coefficients satisfy

Calt) = 7 (1=) (o(0) =)+ [m Dl (i) (1= () m]

o L A RN . pa(f)? - B .

5a(0) =+ (1= ) v(0) + [(1 (810)) IS B (A 1 m(e»me)]
Iy = 1 (1—em) (v(0) —v(d))

Tl — e (VA (1 - BA(é))T

Unlike in the static model, here, the blockholder eventually sells all his holdings over
time, so all the benefits arising from the blockholder effort eventually vanish.

Figure 1 illustrates the impact of A on the equilibrium payoffs. The price coefficient pa ()
is decreasing in A due to the higher cash flows associated with larger blockholdings. The
non-monotonicity of C’A(Q) reflects the Blockholder’s cost of infrequent trading. However, the
pre-trade value Ca(0) is increasing in A because the higher price obtained by the blockholder

in the current period compensates for the future cost of less frequent trading.

3.3 Continuous Time Limit

In this section, we consider the limit with continuous-time trading. Unfortunately, the
system of equilibrium coefficients cannot be solved in closed form in the infinite-horizon
limit. However, we can still find a clear characterization of the equilibrium. For a fixed
A =t, 1 —t,, welet N go to infinity, so ty — oo, and then take the limit when A — 0.

The next proposition characterizes the equilibrium.

Proposition 3 (Continuous Time Limit Asymmetric Information). Let

AT =
=602+ (67 — 62
" - +7’+)\( &)
I{TEQ2+2§2.

In the limit when ty — oo and A — 0, the equilibrium payoff Va(x, ), price pa(x,0), and

stake w2 converge to the following limit:
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Figure 1: Impact of A on payoffs. Parameters: r =0.1, A\=1,7=0.1,0=2,0=0.5,7v=0.5 ¢ = 1.
The total welfare is defined as Wa(x,0) = Va(z,0) + (1 — x)pa(z, ), we normalize p = 0.

° [f% < Ky, the limit is

1
V(z,0) = gx + 50O

ple,0) = £+ p(0)z

— qoe PO Jy Lio.—pyds
xt_xoe ( f() {6 0} ,

where C™(0) is the no-trade valuation in equation (2), and the coefficients p(6), 5(
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are

p(@) = C™(0)
60+ AL — 7)CD)

p() = r+A1—7)
M [p(0) — C™(O
s = 1 [g(m)(g) (0]
o If 3 € [Ku Ky), the limit is
vmﬂ)_§m+%cwp2

where T = inf{t > 0 : 6, = 6} is the first transition to the low state, C(0) = p(#) = 0,

and the coefficients (3(0),C(9),p(0)) are the unique positive solution to the system of
equations

4() — 1= —TC )

25(0)

o o0?

mm_r+Aﬂ—ﬂ+5@)
o 902 —0?%)

o) = r+A+2800)

. If% > ki, there is an immediate atom of trade, so x, = 0. The price is p(x,0) = &
and the payoff of the blockholder is V(x,0) = L.

Due to a lack of commitment, the blockholder sells his entire stake over time until z;
reaches zero. Compared with the first-best benchmark, this is socially inefficient because,
without holdings, the blockholder loses his incentive to increase the firm’s cash flows. The

blockholder’s selling behavior causes an externality to small shareholders: the firm’s produc-
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tivity gradually deteriorates over time.

The size of the holding cost v can have a major effect on the equilibrium, influencing the
trading patterns and the payoffs. Three cases must be considered. First, when v/¢ < &, the
blockholder does not trade when 6; = 6, even though his marginal valuation is lower than
that of small investors (p(z,f) > V,(z,0)). The blockholder refrains from selling because of
his price impact; if the blockholder were to sell, the market would interpret this as a negative
signal of productivity, and the stock price would drop significantly below the blockholder’s
marginal valuation; the blockholder would thus experience a capital loss. In contrast, in
the low state, the blockholder sells gradually until his holdings are fully depleted or until a
positive shock stops the sale.!®

To understand the properties of the equilibrium, note that the low type’s payoff is the
same as that arising under symmetric information and equal to the payoff without trade. As
in the previous literature on the monopoly of durable goods, the lack of commitment prevents
the low-type blockholder from extracting rents from trade, which yields the continuation
payoff of no trade V(z,6) = V™ (x,0). However, contrary to the standard prediction of the
Coase conjecture, the blockholder does not trade immediately toward his long-term target
of zero but does it smoothly.

Why does this happen? Recall that in a competitive setting, the price equals the marginal
cost. In our setting, the marginal cost is represented by V. (z,0). Figure 2(a) illustrates that
a competitive equilibrium would imply payofts for the blockholder that are below the value of
not trading at all. This is a version of the well-known result that the price cannot equal the
marginal cost in the presence of increasing returns to scale because this would generate losses
to the seller. However, the equilibrium must involve some trade. If there were no trade, the
price would be above p/r, generating incentives for trade because the blockholder does not
internalize the impact of selling on other shareholders’ payoffs. Thus, in equilibrium, the
blockholder moves smoothly along the curve V(z, ) trading at a price V,(z,0).

The high-type behavior is different. The incentive compatibility constraint determines
the high-type trading. Since the low-type does not extract gains from trade due to Coasian

forces, the high-type cannot be willing to trade in equilibrium, or else the low-type would be

15The long-run holdings would be positive if the blockholder enjoyed private benefits, in which case the
order flow would sometimes be positive, for instance, when the initial holdings are smaller than the long-run
target.
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able to deviate for a profit by mimicking the high-type. Thus, the only possibility consistent
with the equilibrium is that either the high-type buys or does not trade. Due to holding
costs, the high type has no incentive to buy; thus, in equilibrium, the high type refrains from
trade.

The previous argument does not apply when /¢ > k. because the coefficient C™ ()
is negative, so the no-trade valuation of the low type € is concave in z. In this case, the
standard prediction of the Coase conjecture applies for the low type, so he trades immediately
towards his long-term target x = 0. Figure 2(b) shows that the low type prefers to liquidate
his holdings immediately, regardless of price impact, selling his entire block at a p/r. As the
low type quickly exits the market, the high type can sell smoothly. In this case, the high type
trading speed is the highest, satisfying the low-type’s incentive compatibility constraint.

Finally, for high holding costs % > K+, both types sell their stake immediately, leading
to low productivity and low prices. Any productivity gain potentially arising from the
blockholder effort instantly disappears due to the blockholder’s lack of commitment to hold
on to his holdings.

As we will show in section 5.1, the properties of the equilibrium seem to generalize when
there are more than two types. We show that if the holding cost is low enough so that the
lowest type sells smoothly, then there is an unraveling in which all higher types abstain from
trade. By contrast, when the holding cost is large, the lowest type sells immediately, and all

higher types sell simultaneously and smoothly at a positive rate.

Productivity Shocks vs. Liquidity Shocks In our model, there is asymmetric infor-
mation about blockholder productivity. In practice, the blockholder might also be informed
about other things. For example, it is natural to consider the case where the blockholder’s
information is the holding cost . In this case, shocks to 7 could be interpreted as privately
observed liquidity shocks. Then, the relevant source of asymmetric information is captured
by the reduced-form parameter 6% — ~. Thus, we can reinterpret a negative productivity
shock in our model as a liquidity shock that increases the holding cost . This specification
of liquidity shocks differs from the linear specification commonly used in dynamic trading
models. Unlike in linear models, the mean reversion of holdings is state-dependent. As

we will see in Section 4, such non-linearity has important implications for the dynamics of
blockholdings.
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(a) Convex value function and smooth trading (b) Concave value function and atomic trading

Figure 2: Value function with and without smooth trading. In this figure, V" (x,) indicates the
value of holding to x forever. In (a), the value of staying put at z is above the liquidating value.
In equilibrium, the blockholder trades moving around the curve V™ (z,0). In (b), the blockholder is
better off liquidating everything at the lowest possible price (1/r), so the equilibrium entails immediate
liquidation (there is an immediate jump to x = 0).

Private Benefits of Control The model predicts that the blockholder only sells shares
but never buys. This can be easily generalized by assuming that the blockholder enjoys a
private benefit of control. We can capture this by adding a private benefit term bz to the
payoffs of the blockholder, so his preferences are given by bx + u(x, a, ). The derivation of
the equilibrium closely follows that without private benefits. The only difference is that the
block no longer converges to zero but to zf = b/~. This is the ownership level that balances

the holding cost and the private benefit of the controls.
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Figure 3: Convergence of trading rate for % below and above k.. Parameters: » = 0.1, A =1, 7 = 0.5,
6 =1.5,60 =0.5, ¢ = 1. For these parameters, s, = 1.1591. In the top figure, v/¢ = 0.5, while in the

bottom figure, v/¢ = 1.5.
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3.4 Equilibrium with Observable Shocks

To understand the consequences of information asymmetry on the efficiency of the equilib-
rium, we now study a benchmark where productivity shocks are publicly observable. This
case only differs from DeMarzo and Urosevié¢ (2006) in the time-varying nature of the effort
productivity, but the equilibrium is qualitatively similar. The equilibrium resembles that for
the low-type characterized in Proposition 2, so we omit the details. The main difference is
that we can eliminate the incentive compatibility constraint in the optimization problem of
the high type in (4).

The solution at time ¢ty is

o i v
n(0) = rCnt(0) + 27’

and the equilibrium payoff is

1
Va(z,0) = %x + §C'J‘i,(6’)x2

1(rC™(0) +7)°

°(f) = =
Cr(0) r rC(0) + 2y’

For time ¢,,, n < N, the equilibrium can be solved recursively as in Proposition 2 which lead

us to the following proposition.

Proposition 4 (Discrete Trading Symmetric Information). If 0, is observable, then in the
unique subgame perfect equilibrium, the blockholder trading strategy at time t,, is Ax2(x,0) =
—52(0)x, where
go(6) = Pal0) = Cal®)
2p;(0) — C3(0)
The post-trade price po(x,0) and the blockholder equilibrium payoff V.°(x,0) are

(9)

=

po(r,0) ==+ pp(0)x

= 3

Vo(x,0) =~z + %Cﬁ(G)xQ

<
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where . )
pn(0)

GO = 5500 - E0)

and the coefficients C°(0), p2(0) satisfy the difference equation

Crl0) = =~ (L =€) () =) + e [(1 = 7(A6)) Cr11 (6) + 7(A[0)Cr.y(9)]

S| |

p(0) = — (1= e72) v(0) + 7 [(1 = m(A]0)) Cr11(0) + (AR C 11 (0)] -

Intuitively, in this case the blockholder sells faster than under asymmetric information,
particularly in the high productivity state, because selling entails a lower price impact under

symmetric information. We can now characterize the limit.
Proposition 5 (Continuous Time Limit Symmetric Information). Let

—  A1—7)

0% — 62
r+ A ( &)

In the limit when ty — oo and A — 0, the equilibrium payoff VR(x,8), price pi(x,0), and
path of blockholdings 2 converge to the following limit:

o ]f% < Ky, the limit is

Vo(z,0) = %x + %C’"t(ﬁ)af

. Lo
5(.0) = L 4 (0)a
xy = xpe” Jo B°(6s)ds

)

where C™(0) is the no-trade valuation in equation (2), p°() = C™(6), and £°(0) =
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° ]f% € [Kx, Kux), the limit is

Vo(a,0) = Lo+ Loo(9)?
r 2
p°(x,0) =

()
= moe "My,

r

where T = inf{t > 0: 6, = 0} is the first transition to the low state, C°(0) = p°(d) = 0,

o[\ — o[\ — 62— o() —
D (9) =C (9) - rfA(ljﬁ)y andﬁ (9) - _ﬁ_"’b'

° If% > Ky, there is an immediate atom of trade so xf = 0. The price is p°(x,0) = &

and the blockholder payoff is V°(x,0) = Lx.

Again, the blockholder sells his stake over time until fully depleted. Higher productivity
(0) does not change the zero long-run target, but it does slow down the blockholder’s selling
toward that target. When holding costs are high, the blockholder sells immediately. In
general, Coasian dynamics prevents the blockholder from extracting gains from trade, and

his payoff is thus identical to that under no trade.

4 The Impact of Asymmetric Information

Having solved for the public information benchmark, we can analyze the impact of asym-
metric information on the dynamics of trading, prices, and welfare.

Small investors’ welfare depends on the stock price. The higher the price, the higher
their payoffs. The stock price in turn depends on blockholder effort, which in turn depends
on the speed at which the blockholder sells his stock.

As mentioned above, under asymmetric information the blockholder’s trading has price
impact because of signaling effects. Thus, it is natural to think that asymmetric information
slows selling, and this would be consistent with previous work on dynamic signaling models
(Daley and Green, 2012; Admati and Perry, 1987). However, our analysis shows that this
is not necessarily the case. In the low state, the blockholder selling speed is higher under
asymmetric information. The key behind this result is that types are not fully persistent in

our model, so changes in the incentives of the high-type also affect the incentives of the low
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type (let us stress that while the previous observation is immediate in a pooling equilibrium,
it is far from obvious in a separating equilibrium). Suppose that the low-type trading strategy
is not affected by asymmetric information. If this were the case, the price in the low state
would necessarily be higher under asymmetric information (because the blockholder stake
and his effort would be larger for all states), and this would generate incentives for the low
type to sell even faster, contradicting the premise that the trading strategy of the low type is
unaffected by the information structure. Thus, in equilibrium, the low type must sell faster
to offset the reduction in the selling speed by the high type, and keep the price constant
across information structures for the low-type.

Given the ambiguity of the effect of asymmetric information on the blockholder’s selling
speed, one might expect the effect on price to be ambiguous as well. However, we can show
that asymmetric information increases the price in all states. The fact that the blockholder
slows down his selling in the high-state leads to higher cash flows and ultimately to a higher
stock price because the blockholder effort increases precisely when it is most effective, namely
in the high-state.

Having characterized the effect of asymmetric information on the dynamics of trading and
prices, we turn our attention to the impact of asymmetric information on blockholder payoffs.
We mentioned that asymmetric information leads to higher stock prices by boosting the
effort in high-productivity states. This benefits small shareholders. Now, because excessive
retention is costly to the blockholder, it is not clear that information asymmetry also benefits
the blockholder. In fact, the opposite is true in a static setting.

When holding costs are sufficiently low, the blockholder payoffs with and without asym-
metric information are the same. On the other hand, when holding costs are relatively high,
asymmetric information increases the payoffs of the blockholder in the high state. Since
the low-type sells his stake immediately, the high-type faces a greater liquidity which al-
lows him to sell his holdings over time, rather than forcing him to hold on to them until
a negative shock arrives. Asymmetric information thus mitigates Coasian forces, allowing
the blockholder to extract gains from trade. We summarize these results in the following

corollary:.

Proposition 6 (Blockholder’s Payoff). Asymmetric information leads to a Pareto improve-
ment relative to the case with symmetric information. Small investors are always better-off

when the blockholder is privately informed about 0,. Similarly, the blockholder’s payoff is
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higher under asymmetric information.

o If v/¢d < Ky , then the blockholder payoff is the same with and without asymmetric

information.

e On the other hand, if condition v/¢ € [k, ki), the blockholder payoff in the high state
18 higher with asymmetric information, while the equilibrium payoff in the low state is

not affected by asymmetric information.

This result shows that information asymmetry not only increases the stock price, ben-
efitting small shareholders, but also boosts the blockholder’s payoff, in stark contrast with
static settings or settings without effort. Private information thus has welfare-enhancing
properties in our setting. This leads to the following corollary.

Again, two cases must be distinguished here. First, when holding costs are low, the
payoff of the blockholder is invariant with the information environment (that is, symmetric
vs. asymmetric information about 6). However, when holding costs are high, the payoff to
the blockholder is greater with asymmetric information. Asymmetric information mitigates
Coasian forces: The blockholder holds on to his stake for longer, which increases the firm
productivity and the stock price. At the same time, the blockholder faces a relatively liquid
market, which allows him to sell his shares over time, and thus extract gains from trade.
Thus, the blockholder payoff increases.

This contrasts with a static setting Leland and Pyle (1977) where signaling incentives
would impose a deadweight cost on the (high-type) blockholder, forcing him to retain a
large fraction of his stake to signal his productivity, thus ultimately reducing his payofts. In
a static setting, the blockholder is unambiguously worse off under asymmetric information.
In a static setting, the signaling friction operates in conjunction with the sender’s market
power. But in a dynamic setting, the blockholder does not necessarily exert monopoly power,
due to Coase’s conjecture. The blockholder’s lack of commitment implies that, no matter
the information environment, he always trades at a competitive price that equals his own

marginal valuation.
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5 Extensions

5.1 Multiple Types

Next, we consider the case with more than two types. In particular, suppose that there are
K possible types, and that the blockholder’s type 6; € {0y, 6,,...,0k} follows a continuous
time Markov chain with transition rate matrix A. The matrix of transition probabilities
T (A) = Pr(0a = 6,10, = 0;) is given by II(A) = eA2.

Throughout this section, we use the following notation: For any function f(6), we denote

the column vector (f(6y),..., f(6x))T by f(); we define the vector 8 = (6?,...,60%)7, and

we denote the K x K identity matrix by I. The no-trade valuation can be written as'®

1
Vit(z,0) = Ko+ 5C(0)a”,
T

where
C(@) = (rI—A) 02— L,

r

Following calculations similar to the ones with two types, the post-trade continuation value

V,(x,0) is given by

Vo(z,0) = % (1—e2) (,ux + %(V(Q) - 7)332) + e TATI(A) Vi1 (2, ),

where
rg (I—e M8 (T — A)' 62

1—e7A ’

v(0) =

while the price satisfies the recursive relation

Bu(,6) = - (1= ™) (4 w(O)2) + ¢ " THA)pyi1 (1, 6).

16For the calculations of expected payoffs, we use the following two properties of the matrix exponential:

JoS e e = (rI - A~ and

T
/ o (rI=A)t _ (I _ e—(rI—A)T) (T — A)fl
0
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We assume that valuations are increasing in type, that is C™(6g11) > C™(6x) and v(0y4 1) >
v(0x), which is the case if the Markov chain {6;} is monotone.!”

As in the two-type case, the lowest type trading strategy, Ax,(z,6,), is the solution to
Vo(x,01) = max V(x4 Az, 01) + po(z + Az, 0;) Az, (11)

whereas for the remaining types trading Az, (z, 6x) can be found recursively by solving the

sequence of problems

Volz,0r) = max V(@ + Az, 0;) + Pz + Az, ;) A

s.t (12)

Vo(x + Az, 0 1) + (2 + Az, 0) Az <V, (2, 0k—1).

As in the two-type case, the equilibrium is linear and can be solved in closed form. The next

proposition provides a characterization of the equilibrium:

Proposition 7 (Discrete Trading Asymmetric Information). In the least costly separating

equilibrium, the blockholder trading strategy at time t,, is Ax,(x,0) = —f5,(0)x, where

(9, — Pnl0) = Cul6)
B ( ) 2]371(01) - anl)
5.6 < P00~ CoBhr) — \/Pu(61)? - 25 (0 Cullh) + cnwk_l)én(ek_l)’ ik

20, (0r) — Cr(Ok—1)

The post-trade price p,(x,0) and the blockholder equilibrium payoff V,(z,0) are

Pu(2,0) = £ 4 p(0)z

T

N1 (13)
Vn(x, 6) = ;iL‘ + §Cn(9)$2

17A Markov chain (6;);>0 is stochastically monotone if for any ¢ > 0 and 6 > 6}, the distribution of ¢,
conditional in 6 first-order stochastically dominates the distribution conditional on 6y).
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where
— ﬁn(01)2
Qﬁn(el) - CA(n(el)
ColB) = Cal0) + 3 (1= 5a(6)))? ( Y (0,) — én(ei,l)) L 2<k<K.

2<i<k

Cn(el)

The coefficients Cy,(0), pn(0) satisfy the recursion

(1= e ™) ((0) — 7) + e "“I(A)C,p 41 (0)

(L—e ™) v(0) +e "™ II(A) (1 — B,,1(0) Ip,i1(6),

with terminal condition

As in Section 3.3, we are interested in the double limit when ¢y — oo and A — 0. As
N — 00, the solution converges the fixed point of the recursion in Proposition 7. Our main
objective is to analyze the behavior of the trading rate Sa(0)/A as A goes to zero. A full
analytical characterization of the limit as the one in Proposition 3 is beyond the scope of this
section, but we explore numerically what happens with the equilibrium in the continuous-
time limit. The objective of the exercise is to illustrate how the qualitative behavior of
the limit is determined by the sign of C™(f) as in the two type case. With two types,
the condition /¢ < k, corresponds to the case when C™(#) > 0 whereas the conditions
/¢ > k. corresponds to the case when C™(#) < 0. The next example illustrates how this
same condition determines the limit behavior when there are more than two types. For the
purpose of the numerical example, we consider the following simple parametrization of the
transition A

= if 1 £ j.

This specification of A corresponds to the case where the blockholder suffers shocks at a
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rate A\, and conditionally on a shock, his new type 6’ is chosen from a uniform distribution.
When K = 2, this corresponds to setting 7 = 1/2.

Figure 4 provides a numerical example showing the convergence when A — 0. The
qualitative properties of the equilibrium generalize to the case with multiple types. In panel
(a) we depict the case when 7 is small. For A > 0 then all types trade at a rate that is
decreasing in types, and the presence of price impact slows down the trading rate of higher
types. However, in the limit when A converges to zero, there is a market breakdown where
only the lowest type trade and all the remaining types refrain trading. Because the lowest
type gets no rents from trading in equilibrium, any price that would induce a higher type to
trade would generate a deviation by the lowest type. So, in equilibrium there is no trade by
the remaining types. However, when ~ is large, the lowest type sells immediately. Hence,
imitating the trading strategy of higher types becomes too costly and there is no market
breakdown. This case is depicted in panel (b). In the continuous trade limit, the lowest type

sells immediately, and all higher types sell smoothly over time.
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5.2 Pooling Equilibrium

In addition to a separating equilibrium, multiple pooling equilibria can be sustained using
off-equilibrium beliefs to punish deviations. In this section, we construct an example of such
a pooling equilibrium. In particular, we consider a pooling equilibrium where the trading rate
is chosen to maximize the high type’s payoff, this equilibrium selection criterion is similar to
the one in Gomes (2000), and it is inspired by the notion of undefeated equilibrium developed
by Mailath et al. (1993).

To simplify the analysis, we concentrate on the case with 7 = 0 (this means that Ay = 0),
so negative shocks are permanent. Moreover, we impose the belief restriction that once the
market assigns probability one to the low type, their beliefs remain forever at that level.

This means that the equilibrium in the continuation game that follows a deviation by
the low type is equivalent to the equilibrium with symmetric information in section 3.4.

A pooling equilibrium is technically complex. In a separate equilibrium, the choice of
effort is only affected by the direct incentives of ownership x;. However, this is not necessarily
the case in a pooling equilibrium, as cash flows are now informative about the blockholder’s
type; the market uses cash flows to infer the blockholder’s type. Hence, the blockholder is
incentivized to exert more effort to improve his reputation, thereby influencing the stock
price. For example, suppose that the martingale in the cash flow process in equation (1) is
the Brownian motion M; = oB;. If the market assesses that the blockholder effort strategy
is given by a function a;(x,;), but the blockholder follows the strategy a;, then the belief of

the market oy = Pry(0;, = é) evolves between trading dates according to

Q_Gt(l', Q_) — Qat(x,Q) at(l . at) Qt&t — Et[etat(x, 9t>]

o o

doy = —Aadt + dt + dB;

In principle, one could try to consider the Markov perfect equilibrium using «; as a state
variable and find the value function V,,(x,0, ) at the beginning of the interval (t,,tns1)
using techniques like those in Faingold and Sannikov (2011). This is a difficult problem that
is beyond the scope of this paper. Instead, we consider the simpler case where cash flows
are an extremely noisy signal of effort, so the signal-to-noise ratio is zero, corresponding to

the limit when ¢ — o00.!® In this case, only the direct incentive of ownership affects the

18 Alternatively, we could assume that the impact of effort on cash flows is only observed in the very long
term.
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effort, so the effort policy is the same as that in the separation equilibrium, allowing us
to isolate the impact of pooling on trading. Under these assumptions, the second term in

the evolution of beliefs disappears, so the belief at the beginning of the trading date ¢, is

— ,—AA
atn+1_ =€ atn+'

To simplify the exposition, we take N = oo and consider a linear equilibrium (corre-
sponding to the limit when N — o0). Let v(a) = (1 — a)v(d) + av(f) be the expected
flow payoff given beliefs a.. If the market expects the blockholder to trade according to the

pooling strategy Az = —fa(a)z, then the price given stake x and beliefs « is given by a

function
plr,a) = g + pala)z,
where
pale) = - (1= ™) vla) + 7 (1 - Ba(e)) pala’),
and o/ = e™**a. We can guess and verify that the blockholder post-trade continuation value

is a quadratic function
. 1.
Va(z,0,a) = 2y §C’A(9, o)z’
r

At each trading date, the high-type equilibrium payoff is

Va(z,0,a) = max Va(z, 0, a) + (z — 2)pa(2, a).

Taking first-order conditions and solving for 2’ = z 4+ Az, we get that Az = —Ba(a), where

ENE ﬁA<a) _OA(_’O‘)
Pale) 2pa(er) — Ca(f,0) )

Hence, after substituting the B (a) in the objective function we get
) H 1 ) 2
Va(z,0,a) = —x + §C’A(9, )T
r

where
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Similarly, if the low type pools with the high type, his payoff is

where

(1=e72) (1(0) =) + e [1(A)Ca(0,e*2a) + (1 = 7(A]0))Ca (0, e a)]

A

CA(Q, Oé) =

|3

(1= ) (1(8) = 7) + 7 2Ca 0.0 a),

and that the price coefficient satisfies

ﬁA(e_)‘Aa)Q

2pa(e2a) — Ca(f, e22a)

pala) = % (1—e ) v(a)+e ™

The strategy Az = —f(a)x and the price p(z, ) constitute an equilibrium as long as the
low type finds it optimal to pool with the high type rather than deviating and revealing
his type. After a deviation, the low-type continuation payoff is given by the value function
VR(x,0) in section 3.4. Therefore, the low type prefers to imitate the high type only if
Va(z,0, ) > VR(x,0), which means that the coefficient Ca (0, @) must satisfy the condition
Ca(0,0) > C3(6), where C3(8) is provided in Proposition 4. When this condition is not
satisfied, the full pooling in the high-type trading quantity is not an equilibrium for all
beliefs, so there is only partial pooling, and the construction of the equilibrium involves
mixed strategies. In the continuous-time limit when A — 0, the equilibrium is characterized

by a simple system of ordinary differential equations.

Proposition 8 (Pure Strategy Pooling Equilibrium). Let

o y—(1— a)p(0% — 0%) 4+ \I'(a)
o= (@) |
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and let p(a), () be a non-negative solution to the ordinary differential equation

rp(a) = ¢0* — v — AT(a) — Aap/ ()
(r+X+28(a)l(a) = ¢ (6> — 6°) — Aal"(a)

(15)

with boundary condition lim,_,0 ap’ () = lim,_o aI”(a) = 0. If p(a) > I'(a)+max{C™(6),0},
then, in the limit as A — 0, the equilibrium payoff Va(z, 0, ), price pa(z,«), and path of

blockholdings x2 in the pooling equilibrium converge to

1
V(z,0,a) = §$ + 50(9, o)x?

~ M ~
p(x,a) = ; —l—p(a)x

ds

‘=
Ty = xoe_ fg ﬂ(as) ,

where C(0,a) = p(a) and C(0,a) = p(a) — I'(a).

Mixed Strategy Equilibrium For some parameters, the incentive compatibility con-
dition Ca(6,c) > CR(#) is violated. In this case, the equilibrium entails mixed strate-
gies for low beliefs. Let the threshold a* be determined by the indifference condition
Ca(8,0) = CR(8). For a > o, the high type trading strategy is given by equation (14),
while for @ < o* his trading strategy is Sa(a*). For a > a*, the low type pools with the high
type. However, when o < o, the low type mixes between pooling at 8a(a*) and separating

at O (#). The probability of pooling with the high type m(«) satisfies

a+ (1 —a)m(a)

*

o =

In the limit when A — 0, for beliefs a € (a*, 1) the equilibrium is characterized by 8(a) in
Proposition (8) where p(«), I'(a) satisfy equation (15). For av < a*, the low type pools with
probability m(«), while for « = o*, the low type separates at an exponential time with mean
arrival rate A\/(1 — o). Given this strategy, market beliefs remain constant at a* once that
threshold is reached, at which point trade continues at a rate 3(a*) until the time the low

type separates to follow the symmetric information strategy 5°(6). The boundary condition
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(b) Semi-pooling equilibrium with mixed strategy below threshold o*

Figure 5: Examples of Pooling Equilibrium. Parameters: 7 = 0.1, A = 0.5, 7 = 0, § = 1, § = 0.5,
¢ = 1. In the top figure, v = 0.4, while in the bottom figure, v = 0.8. In the bottom figure, the mixing
threshold belief is a* = 0.07

at o is

rp(a”) = 0 — v — AL'(a”)

S )
[la?) = r4+ A+ 28(a*)’

and the threshold o* satisfies the indifference condition p(a*) = I'(a*) + max{C™(#), 0}.
Figure 5 presents a numerical example of the pooling equilibrium constructed above. In
the first panel, we present an example of full pooling for all beliefs «. In contrast, in the

second panel, we present an example where the equilibrium involves some separation for low
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beliefs and entails using mixed strategies. One interesting feature in this example is that even
as a approaches zero, the pooling trading rate remains below the full information for the low
type. For the parameters in panel (a), the limit pooling rate when « goes to zero is around
B(0) ~ 0.1 while the full information rate for the low type is 3°(f) = oo (in this example
C™(f) < 0). By pooling with the high type, the low type can ameliorate the commitment
problem and escape the Coasian dynamics that prevent him from extracting any trade gains.
Such a commitment device remains valuable even when reputation is very low. This is not
the case in panel (b), where for low beliefs, the benefit of the implicit commitment device is
not high enough to compensate for the cost of pooling. Hence, the equilibrium entails some

separation for low reputation levels.

6 Conclusions

This paper studies the monitoring and trading behavior of a blockholder with access to
private information.

Our analysis shows that when a blockholder has access to private information (and can
trade based on it) welfare improves. Asymmetric information leads the blockholder to hold
their shares for longer, and monitor the firm more intensively, thus increasing the stock price.
The lack of liquidity arising under asymmetric information, mitigates the blockholder’s com-
mitment problem, and allows him to sell slowly and extract some monopoly rents, contrary
to the symmetric information case.

This paper has implications for the long-standing debate on the role of liquidity for
blockholder activism (see e.g., Norli et al. (2014); Edmans (2009)). Our results suggest that
information asymmetry reduces the liquidity facing the blockholder, but has desirable social
effects, insofar as it leads to larger blocks and stronger monitoring (a similar point is made
by Vanasco (2017)).

Our model has a number of limitations. For example, we assume that the blockholder’s
order flow is perfectly observable and we focus on separating equilibria. Perfect observability
of the order flow is a simplification, because in practice these data is available to investors
with some delay. This assumption also leads to an equilibrium where cash flows are unin-
formative, conditional on the order flow. Extending our model to allow for noise trading, to

obscure the blockholder’s order flow, is an interesting (and challenging) extension that we
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hope future research will address.

The observability of blockholder trading is also a policy question. The SEC requires that
a blockholder discloses their stakes within 10 days of the purchase of more than 5% of the
shares of a public company. This regulation, and the socially optimal level of the disclosure
threshold is subject of an intense policy debate.'? Evaluating the effects of this regulation
is also an open theory question.

We have ruled out the possibility that the blockholder takes value-destroying actions, as
is often argued in the popular press. Indeed, critics often warn that blockholder activists
exacerbate firms’ short-termist tendencies (See e.g., “Let’s do it my Way”, The Economist,
May 13, 2013). This possibility could be incorporated in our model by allowing the block-
holder effort to have, at the same time, a negative impact on the firm’s cash flows and a
positive effect on the blockholder’s payoff.

Finally, as another interesting extension one could consider the possibility of competition
(or cooperation) among multiple blockholders with heterogenous beliefs to gain control of

the firm and influence its corporate strategy (see e.g, Hadlock and Schwartz-Ziv (2019)).

9For example, The Economist notes that “Wachtell, Lipton, Rosen & Katz, the law firm that invented
the poison pill, has also been seeking to make things harder still for activists by proposing a rule that anyone
building a stake of 5% or more in a firm must disclose it within one day, not ten as now. So far the Securities
and Exchange Commission is showing little interest. Indeed, its chairman, Mary Jo White, has argued that
activists attempts to jog boards are not always a bad thing.” See Nasty Medicine, The Economist, Jul 5th,
2014.
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Appendix

A Trading with Asymmetric Information

Proof of Proposition 1

Proof. Letting x;, = x4+ Az(x, @), the first-order condition for the low-type problem becomes

~ H ~ g H ~ g _
Cnzr + - + (z — ) (CN(Q) + ;) - (CN(Q) + 7") ;=0
so we get that )
rCy(0) +

rp = ——"——1.
rCn(0) + 27

Moreover, the second-order condition is satisfied as rCy (0) +2v > 0. Substituting =, above

in py(x,0) we get that

. 2
]3 rr,b)= — + - ~

M ror rCOy(8) + 2y

while substituting z; in the blockholders objective function, we get

A

Vn(z,0) = Vn(xp,0) + (x — xp)pn(zp,0)

N 2
p 1 (1Ox(®)+1)
=—T+ ———= x
T 2r TCN(Q)+2'7

The next step is to solve the high-type problem. We start verifying that the incentive
compatibility constraint for the low type must be binding. If the constraint were slack, then

the solution to the high-type problem would be to trade

- rC(0) +~
A 9 = =
v+ Ae(@,9) = on rC(0) + 27%

Al



at a price

N _ 2
ﬁN(xH79>:_+_ ~ =
ror rCy(0) + 2y

x.

The constraint is slack only if

~ _ 2 N 2
hy LrOu@ e (OO 1) |,y 1 (@)

— — < tr 4 ———
r 2reCyn(0)+2y rCy(0)+2y 17 21 rCOn(0) + 2y

which cannot be the case if 2 > 0 as Ciy(f) > Cy(6). From here, we get that  + Axz(z, §) =

T g solves

Vn(zw,0) + (x —zy)pn(zy, 0) = V(z, ),

which means that
1 A A = 2 A a 1 2
ETCN(@) —rCn(0) — | x5 + (rC’N(Q) + 7) rxg = §T‘CN(Q)IL‘ .
Let zy = px, then p solves the quadratic equation
- 1 - ) A 1
rC(8) +7 = 57Cn(8) | * (TCN(Q) + 7) p+ 5TC(8) =0,

This equation has two roots,

rC(B) +  — \/ (rCw(8) + S 9 (0) [rCw(8) +7 — 3rOn(0)]
p1 =
E

rCn(0) +7 + \/ (réN(e‘) +9) = 20C(8) [rCn (@) + gréN(@}

P2 = =
2 [rC’N(@) + = LrCn(0)

A2



Proof of Proposition 2

Proof. Letting V,,11(z,0) be the continuation value at date t,,; in state 6, and 7(t|f) =
Pr(6; = 0]0;, = 0), we get

2
+ e [ (b1 ]0) Ve (2,8) + (1 — 7(tn1110)) Vs (2, 0))]

Valz,0) = % (1—e"2) (,ux + = (QSQQ —y)x ) + lgb (6% — 6°) 2 /tn+1 e "ty 1]0)dt

It follows from

tn+1 ., B 1 . ) ) 1 »
/tn e "ty |0)dt = ;(1—@ A)7T+(1—7T)T+)\(1_€ (+A)A)

tnt1 ot 1 _rAN — B 1 —(rNA

. e " (tna|0)dt = ;( —e )7T—7Tr+)\(1—e )

that we can write the payoff as

Valw, 0= (1-¢) (w+§<u<9‘>—v>x2)+ e [r( Al Vi (2,8) + (1 — (AJ) Vi (2, 0)]
Vulw,0) = (1 -2 (ux+§<v<e>—v>x2) e [m( AN Vi (,0) + (1 = (A1) Vass (2,0)]

Similar calculations yield the buyer valuation, which is given by

(L—e") (n+v(0)z) + e [1(AlD)pnti(z,0) + (1 — 7(A]0))ppsa(z, )]

ﬁn(ZE,Q) (1 - G_TA) (:u + V(Q)l‘) + e_rA [W(A|Q)pn+1($7 é) + (1 - W(A|Q))Pn+1($aﬁ)] )

ﬁl»—tﬂlr—t

where p,11(x,0) = Py (z + Azyyi(x,0),0). By induction, if the blockholder and market
valuation at t,1 are Vi 1(2,0) = Lo + %C’n+1(9)x and ppy1(2,0) = £ + pry1(0)z, then we

can write the valuations at ¢,, as
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where the coefficients C,(8) and p,(0) are given by

Cnl6) = % (1=e72) @(0) =) + e [7(Al0)Crsa (8) + (1 = 7(A]0)) Cropr (0)]
Pn(0) = % (1= e) u(0) + e [m(Al0)pas1(0) + (1 = 7(A0)pas1(0)]

and pp41(0) = (1 = Bny1(0))Pns1(0).
In the least costly separating equilibrium, at ¢ = t,,, the low type chooses 2’ to maximize
Vi(@,0) = max V,(a',0) + (x — 2/)pa (2, 0)

whereas the high type solves

Vn(x/,Q) + (x — 2)pp(2,0) <V, (z,0)

The first-order condition for the low-type problem is

~

SO .
Dn(0)

= i

XL

)
The second-order condition is satisfied if 2p,(8) > C,,(0). If this is the case, the solution to

the low-type problem is x and

Foil 2
Va(z,0) = T+ 2Cn(6)l‘
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where

() = — D8
w0 =550 - o)
o) pa(0)?

 2p,(8) — Cl(8)

The next step is to check the incentives for the high type. If the low type incentive compat-

ibility constraint were not binding, then we would have that

The IC constraint is satisfied only if xy = px, where

(260(0) = Ca()) #* — 260(8)p + Cu(0) > 0.

Hence, the unconstrained solution violates the low-type incentive compatibility constraint if

0) — \/5u(0) —mncwwcwé@< p()

26.(0) = Col0) (

_ a0 + )+ 1/50(8)? = 25,(8)C(6) + C(9)C(0)
| .

if

which means that
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If this condition is satisfied, the low-type incentive compatibility constraint binds, so
Vi(wm,0) + (z — 2p)pu(zm, 0) = Vi(2,0).
From here, we get
(C*n(e) . 2ﬁn(§)> 22+ 25 (B)a gz — Co(8)22 = 0.
Letting xy = p,x we get the quadratic equation

(260(0) = Ca(®)) 92 — 204(O)pn + Ca(0) = 0.

So we get that

0) + /5n(0)” — 25,(B)C(
25, (0) — Con (0

From here, we get that the equilibrium payoff are

) + C,()C,,(6)
Pn ) :

where

Letting T, = C,,(9) — C,,(8) we can write the recursion for the coefficients C,, () and p,(6)
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ﬁn—l—l (Q)Z

A _ 1 o efrA v . efrA efrATr 2
Cull) = (1= €72) (0 =)+ 7 Bt AT A0 o
Tu= (1= ) (4(0) ~ v(8)) + e ((AJF) — 7(AI8) i
~ (7 _l oA () 4 oA _7r A A 5 EONY Prt1(0)? _
Bald) = 1 (1= 2)0l0) 477 |8 Dhpucapis () + (L= (M) s

5 1 r r . Pr+1(0
5a(8) = - (1= ) (0) + ¢ |7 Al s () + (1~ w(2]8)) L

The only remaining step in the derivation of the equilibrium is to verify that the second-order
conditions are satisfied. Substituting the expressions for p,(6) and C,(6) we find that the

second order condition is satisfied if

N )

(L—e ) v(8) +2e 2 [T(A10)pns1(0) + (1 — 7(Al0))pps1(8)]

>=(1—e) (@) —7) +e ™ [7(A10)Crir(0) + (1 — 7(A0))Crgr (0)]

S | =

Simplifying terms, we get
(1= ) Ot [1(A18) (s (B) — Coa(B) + (1= w(AI6)) (201 (6) ~ Con ()] > 0.

. . D 2
Substituting p,41(0) = Cpi1(0) = #—(QH@)’ we get

1 A A _ _ ﬁn-ﬁ-l (Q>2
- (L—e ) (v(0)+y)+e T(A[0) (2pn41(0) — Cos1(0)) + (1 — 7T(A‘Q))Qﬁnﬂ(ﬁ) - én+1(6)]

If the second-order condition is satisfied at ¢, then % > 0. It suffices then to
2Dn+1(0)—Cn+1(8)

show that 2p,.1(0) > C,11(6). This condition is equivalent to

2pni1(0) = Cr1(0) = 20n11Pn11(0) — Coyr(8) — piy, ((jn+1(§) - énﬂ@)) >0

AT



From the quadratic equation for p,; we have that

Co1(8) = 25051 (O)pnis = (26041(0) = Cosa(0))

Substituting in 2p,,41(0) — Cy11(0) we get

2011(0) = Cas1(8) = (29011(0) = Coa(0)) P

Letting S, = 2p,(0) — C,,(6), we get the recursion

S, =

S |-

51 (0)?
W(A|Q)10121+1Sn+1 + (1 —m(Alf)) p +1(_)A ‘

(I=e™) @O) +7) +e" T 2Dp41(8) — Cria(0)

~

It follows by induction from Sy > 0 and 2p,+1 — Cpy1(6) > 0 that S, > 0 for all n < N,

which implies that the second order conditions is satisfied. O

Proof of Proposition 3

Proof. Let (6) = lima_o BAT@ be the limit selling rate of type 6. The limit of I'a is

() () N Uit

At 2lima e 20 T+ A+ 28(6)

Letting .
@ = (1—7) ((0) = 7) + ¢ r(AlO)(1 - Ba ()T,

we can write the equations for Ca (6)

A pal8)?

CA(Q) = Op + e A ~ = (16)
2pa(0) — Ca(0)
and obtain the following equation for Ca(8) in terms of pa(6)
s 5 1 5 2 1A% ()2
Cal0) = pa(0) + 5 (@ % \/(Ba = 204(0))" — 4255 (0) (1)
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From equation (16) we have lima_,0 Ca(8) = lima_,o pa(6), so to find the limit of pa () we

can consider the equation

0=>p + \/(CIDA — QpA)2 — de—mApA

[N

This equation has two solutions p° A = 0 and pA 2= It follows that if lima_,q CDA > 0,

then the price coefficient is

. P 1. DA
PO) = fm =k = 7l A

( )

while if lima_,o < 0, the limit solution is p(f) = 0. We need to distinguish two cases

depending on the sign of lima_,o (AA): p(0) = lima_,opa = lima g Ca > 0 and po) =

lima_,opa = lima_yg C’A = 0. In the first case, we have lima_,0 8a(f) = 0, so there is no

Ba(9)

N We need the limit

atom in trade. To find lima_,q

A0 A

Combining the equations for C'(8) and p(8) we get

pa(0) —Cal0) 1—e2

A ~ A
. 7_1'(1—6_/\A) - i (6)2 .,
FeT A | (1 8a0) pa®) — R (1= 05(0)"

Taking limit when A — 0, we get

Jim, A

Hence, we conclude that when p(f) > 0 we get

510y = 1A 00 ~5(0) 1]
) p



On the other hand, when p(f) = 0, there is an atom in trade so we also need to find the

limit
lim 2pa(0) — CA(Q)_
A—0 A
Once again, combining the equations for C'(8) and p(8), we get
2a(0) — Ca(0) 1—e A
A( )A A( ) _ = (V(Q)—f—’}/)
AT A Q B - pa(0) . — .9
8 Calt
0 .
+ efrA pAA(i) pA(Q>
252 (0)-Ca(®) A
A
where
. _ pa (0)
pal) 1—e® Lam@O) | Ay TA .
A - a0t TR (1= 0a0)pa) — g g PO
A
0 .
+ e—T’A pAA(i) pA<Q)
20a(0)-Ca(®) A
A
Letting y = lima _q w and z = lima_y ﬁAT@ we get
_ 22
y=v(0) + v+ A7 [2p(0) - T] S
— 22
z=wv(0)+ A\tp(f) + "
solving for y, z we get
(47 [p(0) - T])?
v(0) — v+ Aal
_ (8) +7+ A7 [26(8) — T] = v(6) = Ama(0)) (v(6) + A7p(F)
v(0) + 7+ A7 [2p(0) — ] — 2 (v(0) + A7p(0))
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SO

i 2Pa0) = Ca(0) (v 47 [p(6) — T])?
A0 A v(0) — v+ Aal

It follows that
lim Ba(0) = — (v + A7 [p(0) — T]) (v() — v + A7T).

A—0

The coefficient of the trading strategy fa(6) satisfies the equation

We can write the previous equation as

(265(0) - Cs(0) A (BAA@Y +2(Ca(6) - o)

Taking the limit when A — 0 we get

/3(9_) _ A 1 lAlIIl CA(Q);CA(Q)
2(C(0) - p(B) 2~
Noting that Ca(0) = — 280 __ o ohtain from equation (16) that

2pa(9)—Ca(9)

~

Cal0) —Cal)  Pp 1—e2

=—————Cx(0).
A A N
We have that lima o =5~ Ca(8) = rp(d). Hence, if lima_,o 2 > 0 then lima o =5 ~Ca(8) =
rp(f) = lima_o %2, which means that lima_,g M = 0. This implies 3(f) = 0. On

1—e A

the other hand, if lima_, % < 0 then lima_o —=%—Ca(0) = 0 so lima_ w =

lima_so %. In this case, we have that

- 1 N
0) = ———— lim -2
pe) 25(0) 250 A
Having determined £(f) as function of the sign of lima_,o %, we turn our attention to

All



the limit lima_, %, which is given by

®(A) ; (L—e) (w(0) —7) +e 2 a(Al9)(1 — Ba(0))’Ta

lim —— = lim

_ 2 _ —
A0 A A0 = 98" —y + Al

For a given 3(0), we have

_ 9(0° - 6%

02 — v + \al = o> — y + \f—————
o0 — v+ AT o -+ 7T7”+/\—|—2B(t9)7

From here, we get that if
AT =
02 + —— (6> — 6*
V< (0" - )

then v(0) — v + A7 > 0 for 3(f) = 0. In this case the low-type trading rate is

0) = - :
pe) P
where _
907 —6?)
O r+ A
and 1 B 1 7
S0) — & iy oA L 2 T2 p2y| — omt
§O) =~ lim =2 — |06 — 9+ ZTo( - 87)| = C™(0).

To find the coefficient p(#) we write the recursive equation for p(f) as

L) u(l) e A1 (1 - )
pa(f) = 1 —e ™ (74 (1 —7)ed) (1 — ﬁA(g)) (18)

Taking limit, we get

o 902+ A1 = 7)p(0)
p(6) = r+A1—-7)
The equilibrium payoffs are
C(0) = p(8) = C™(0)

A12



The path of x; converges to
T, = xoe—f(ﬁ) I 1{95:g}d5,

On the other hand, if
AT
> o0 + ——
70+ r+ A

then lima_,g % < 0. In this case, if v+ AT [ﬁ(é) — F} > 0, then

$(0” — 0%)

lim Ba(6) = = (v + A7 [p(0) = T]) (v(0) — v + A7T) >0,

which means that 5(6) = oo, and

— 1 . CDA ¢Q2—7+Aﬁf
f) = —— lim -2 = _ _
b 25(9) 50 A 25(0)
where o7 — ?)
lim Ca(f) =T = ———~_.
lim Ca(6) r+ A+ 253(0)

The price coefficient p(#) is obtained from equation (18), which yields

o $0>
po) = r+A1—7) 1 80)

Putting the previous expressions together, we find the coefficients 5(0),5(A),T" by solving

the system
o o6
PO = A= 150
$(0% — 6%)
CrA+28(0)

where the solution must satisfy ¢8> —~ 4+ A7I' < 0. Using the equations for 3(f) and p(0)

A13



we can solve for these coefficients as a function of I', to get
55 - THAM=T) (3 = 68"~ X
9 (202 +62) — v+ AT
o (202 +6%) — v+ ART

0) =
p(o) 20r + A1 — 7))
where ) - ,
r, = 7—¢(€_+29 ) <T< v—jbﬁ T
AT AT
Letting
(r+AX1-=7)(T,-T)
I =
we get that I' is a fixed point
¢(0° — 6%)
N=——— Tel[ll[,]
rEAr2D) Sa

As long as h(I') = B(0) is finite, we can write the fixed point for I as T’ (r + A + 2h(I")) =

(62 — 6?). In this case, collecting terms, we get that I' solves the quadratic equation
QL) =T (r+A1—27))+L (¢ (07 — %) + Tu(r + A) — 2T (r + A(1 — 7)) —Luo (8° — 6%) = 0.
where

Q) = =2I(r + A1 = 7)) (I = 1)
Q(Fr) - (F’I‘ - Fl) (FT(T + )‘) - gb(ég - QQ)) <0

If I'; <0, then Q(I';) > 0 so there exist a unique root Q(I'*) = 0 in [[';,T",]. The path of z;
converges to
Ty = xoe_ﬁ(e)tl{t<1-}7

where 7 = inf{t > 0: 0, = §}. Finally, as I'; — 0, we get that I'* — 0, so p(f) — 0 and
B(0) — oco. If T, > 0, the high-type limit trading strategy is no longer smooth, so 3(f) = oo

and p(f) =T = 0. O

Al4



Proof of Proposition 5

Proof. When N — oo, the coefficients C°(6), () converge to the solution of the system

CR(0) = = (1 —72) (1(0) = 7) + e [(1 = x(A]6)) CR(8) +7(A[B)CR(H)]

Sl=3 =

Pa0) =~ (L= e72) w(0) +e7 [(1 — m(A]0)) CR(0) + m(A|O)CR(9)] -

where 52.(0)°
o p
CA0) = °

- 2p%(0) — CR(6)

Notice that )
C3(6) = a(6) — ~ (1= 7%) 7,

SO o D
PA(0)
PA(0) + (1 —e )y

so we only need to consider the system for pa(0)

CA0) =

R0 = (1- ) w(o)

A PA(0)? Pa0)?
+e (1 —m(A|0)) 0+ %A(l =y + W(AW)ﬁko_) i %A<1 — ) 7]

We can rewrite the previous equation

RO O +) 1,
PAO) + 5 (I—ed)y r
) Pa(0)? pa(0)?
TS {_ﬁZ(ﬁH%(l—e’“A)erﬁZ(é)Jr%(l—e“)7}
RO A0 +57) _1 45
PO HL Sy
(A [ 0]
1—era PAO) + 5 (L—em)y  pA0) +; (L—eT)y
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Taking limit when A — 0, we get that if lima_,opa(6) = p(6) > 0, then it must solve the

equation

rp°(0) = 60 — v + A7 [°(0) — p°(9)]
rp°(0) = ¢ — v + M1 —7) [p°(0) — p°()] .

so it follows that if C™(#) > 0, then p°(f) = C°(0) = C™(0). If C°(f) < 0, then we can
multiply on both sides by pa(6) + L (1 — e ")y before taking A — 0 to obtain that the

limit is p(f) = 0. Hence, if C°(8) < 0 < C°(0), we get that

¢ — v

p°(0) = A=)

and if C°(f) < 0 then p(f) = 0. Next, we look at the limit of the trading policy.

B.(0) = PAO) —CRO) _ (—e)y
& 2p%(0) — C(0)  DAO) + 1 (L—e2)y

If p°(0) > 0, we can take the limit

o o BAO) v
2(0) = Jim =3 ~ ()

whereas if lima_,o pA (#) = 0 then we get that °(0) = co. O

Proof of Proposition 6

Proof. The fact that payoffs are the same in the smooth trading case follows directly from
Propositions 3 and 5. In the case where condition (?7?) is satisfied, the equilibrium payoff
of the high type is V(z,0) = (u/r)z + 1C()2?. For v € [k, k) we have C°(f) = 0 so the

ranking is immediate. For v € [ky, k) we have C'(6) > C°(0) where

P0* —

O = xT=w
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and C(0) =T where

A — o8* = AT
b= 2p(0)
o 402
PO = T — 1 50
$(62 — 6%)

T rE A+ 26(0)
Rewritting the equation for ', we get that C/(f) satisfies

(r+ M1 —7)C(0) = ¢(6* — 0*) — (\7 +2B(0)
— 6% =y — 28() + (7 — 6 — AAT)
= 00> —~ +26(9) (p(6) — 1)
> 0% — 1,

where the third lines follows from the equation for 3(f) and the last inequality follows from
O

p(0) > T'. Hence, C(0) > C°(6)

Proof of Proposition 8

Proof. Letting Wa(a) = Ca(0, ) — Ca(0, @) and Ta(a) = Ca(,a) — Ca(8, o), we get

(C‘A@, a) - Calf, a)) Ca (0, ) Call.)
Vala) = 29 (a) — Ca(8, ) = 2pn(a) — Ca(d &)FA<C¥)7
and
Fa(0) = 2 (1= %) (v(@) - v(®)) + -2 us (0

The coefficients Ca (@), pa(a) satisfies the equation
(L—e") (v(0) —7) + e "2Ca0,e *2a) —e ™2 (1 — e ) Wa(e M2a)

(1—e7) v(a)+e ™Calf, e a).
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Thus, we have that

which means that lima_,o Ca (6, @) = lima_,0 GA(Q_, a) = lima_,0 pa(@). It follows from here
that lima_,o ¥a(a) = C(0, ) — C(0, @), so

pala) = Calf, ) =~ — (1 —a)p(0? — %)+ \[C(0,0) — C(6, ).

lim

A—0 A
The previous limit implies that the limit trading rate is given by
0 ~ —(1- 02 — %) + AT
lim /BA( 70[) _ B(@) = i ( a)qb(A < )+ (O./)
A-0 A pla)

From the equation for T'a(a) we get

(1—e) (v(0) —v(0)) — 2~ NAB, (0, a)Ta(e 2 0).

i

FA(Oé) o 6_(T+>\)AFA<€_)\AOZ) —
Dividing by A, and taking limit when A — 0, we get

(r+X+28(a)l(a) = ¢ (6> — 6°) — Aal'(a).

Similarly,
rC(0,a) = ¢6° — v — AaC'(0, a) — AI'(a),

moreover, as p(a) = C(0, a), we get

rp(a) = 667 — v — Aajf(a) — AT(a),
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From here, we get the system of ODEs for the equilibrium

() = ¢0* — v — Aap/(a) — AT(a)
(r+X+28(a)l(a) = ¢ (6> — 6°) — AaI"()
v —(1—a)p(® —0%) + \[(a)

o= 5(@)

The low type always has the option to reveal himself and trade the full information

optimal
_ Pa(0)
2pa(0) — Ca(8,0)

za(0,0)

T,

which yields a deviation payoff

where 55 (0)°
Ca(f) = — LA .
2pa(0) — Ca(@,0)

In a pooling equilibrium, it must be the case that Ca (6, a) > Ca (0). To simplify the analysis,
we consider the case with permanent negative shocks 7 = 0. Moreover, we assume that once
the market belief is o = 0, it remains there forever. Under this assumption, the continuation
equilibrium given o = 0 corresponds to the one for the low type with observable shocks.
When we take A — 0, we get that Ca(6) — max{C™(#), 0}, so the condition for deviations
become

C(6,a) = pla) — T(a) = max{C™(0), 0}.

Under the assumption that the shock is persistent, the system of ODEs reduces to

rp(a) = ¢0* — v — AT(a) — Aap' ()
(r+X+28(a)l(a) = ¢ (6> — 6°) — Aal"()

Blo) = 1~ (1 - a)¢(6? = 6*) + \T(a)
Bla) ()
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