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Abstract

I analyze a dynamic model of asset sales over the counter in which a manager

has stock-related compensation and a transaction conveys information about the

�rm's value. I examine how this information externality a�ects the timing and

the price of the sale, as well as the pattern of stock prices before and after the

sale. The implications of bargaining power, inventories, gains from trade and the

introduction of a vesting period are discussed. The model can shed new light on

observed properties of corporate sell-o�s, as well as explain market dry-ups during

downturn periods.
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1 Introduction

Real actions made by �rms are often observable, and as such enable market participants

to learn new information about the value of those �rms. At the same time, managers'

compensation in public �rms is often tied to the stock price and is therefore a�ected by

the release of such information. In this paper I seek to investigate how stock-sensitive

compensation a�ects real decisions taken in �rms, when managers take into account

the information their actions reveal to the market. The paper speci�cally examines

dynamic asset sales that take place in an over-the-counter market.

An asset sale is, in many cases, an information event, as it is preceded by a valuation

process by the buyer, and the sale price re�ects the information that is acquired in the

process. A sale is pro�table to the shareholders if the price is higher than the asset's

worth to the �rm. The reaction of the stock, on the other hand, depends on whether

the price is above or below the market beliefs about the value of the asset. Managers

with undervalued assets and stock-related compensation may therefore prefer to sell

their assets in order to increase the stock price, even for a price that is below the worth

of the asset. When outsiders are rational, they should gradually infer that assets are

overpriced if they do not see a sale for a long period of time, and thus the market value

of �rms that do not sell will decrease over time. This, in turn, a�ects the decision of

the managers to sell.

The paper analyzes a general model of asset sales. Relevant examples include a

company that divests an operation or sells a factory, as well as a �nancial institution

that sells �nancial assets from its balance sheet. The contribution of the paper is to

identify a new informational friction that makes asset sales ine�cient, and to analyze

stock price patterns that result from this friction. While more empirical research is

needed in order to identify the markets where this friction plays a signi�cant role, I

show how this friction can be important for the two examples mentioned above. In the

context of corporate sell-o�s, I show that known empirical results, previously interpreted

as evidence that such sell-o�s are e�cient, may be observed even when sales result in a
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loss for shareholders. Speci�cally, in the current model, even when sales are undesirable

from the shareholders' point of view, the average market response to a sale is positive,

as it reveals some positive information about the value of the �rms. The model's

prediction that no-sales are interpreted as bad news about the value of the assets �nds

some supportive evidence in the data. I also outline a testable prediction on the pattern

of returns after a �rm declares a plan to divest an operation.

In the context of �nancial assets that are sold over the counter, I show how the

informational friction may play an important role in markets for structured assets,

such as markets for CDOs and MBSs. Speci�cally, the model predicts that information

externalities will exaggerate the impact of demand shocks on volume: a modest decrease

in demand will result in a large decrease in volume, or �dry-up.� Moreover, this e�ect

will be more pronounced when sellers have large inventories of similar assets. This result

is related to the dry-up of markets for CDOs and MBSs during the recent �nancial crisis,

when �nancial institutions with large inventories stopped trading. It was suggested

that banks avoided trading in these assets during the crisis because a trade would have

forced them to lower the value of their inventory, which could have led to insolvency.1

While banks operate under a regulation that demands mark-to-market pricing, the

model shows that the same e�ect may occur when assets are priced using rational

expectations, and so this is not just a result of a speci�c type of regulation. I discuss

both examples in more detail in Section 7.

The paper presents a model where a manager has to decide when to sell a �rm's

assets whose value he privately knows. The manager's compensation is tied to the

stock price and therefore he cares only about the market value of the �rm in each

period. Before a sale, market value depends only on the beliefs of investors regarding

the value of the assets, while after the sale it simply re�ects the amount of cash that

was received for the assets (Section 6.1 presents an extension of the model where only

1See, e.g., the op-ed by Kenneth E. Scott and John B. Taylor, published July 21, 2009, in the
Wall Street Journal. The authors write: �In September 2008 credit spreads skyrocketed and credit
markets froze. By then it was clear that the problem was not liquidity, but rather the insolvency risks
of counterparties with large holdings of toxic assets on their books.�
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part of the assets are sold, and market beliefs about the value of the post-sale inventory

play an important role). I focus on the dynamics of the asset sales and am interested in

exploring the trend of prices before and just after a sale, how an asset's value determines

the timing of the sale, and what other conditions a�ect this timing.

In each period, the manager is approached with some probability by a potential

single buyer. In order to focus on the asymmetric information between the market and

the �rm, I simply assume that the buyer learns the value of the assets as part of the

negotiations with the seller. These negotiations result in a price o�er, which depends

also on the relative bargaining power of the two parties. The manager can accept or

reject the o�er, and if she rejects it the buyer invests elsewhere and the manager has

to wait for another buyer before she can sell.

A crucial assumption is that o�ers are not public; therefore, if no sale takes place in

a given period, outsiders cannot tell whether an o�er was made and rejected or whether

it was not made at all. As a result, managers with low-value assets are motivated to

reject o�ers, because the price they can get for their assets is lower than the market

valuation of these assets if they choose not to sell.2 It is shown that in each period there

is a threshold value, such that only managers who receive an o�er and have assets of

higher value sell. As time passes and no sale is observed, outsiders realize that the �rm

is likely to have low-value assets, market value decreases, and managers with assets of

lower value agree to sell. I analyze the equilibrium of both a two-period version as well

as a general �nite-horizon version, and show that it has the following properties:

• The market value of a �rm that has not sold and the average sale price are

decreasing over time.

• The assets' worth of the �threshold type� (who is indi�erent between selling and

not selling) as well as the average worth of a sold asset are decreasing over time.

• The return from a sale, on average, is positive in all periods.

2When it is publicly known that the �rm has received an o�er, then all types sell immediately. This
�unraveling� result was �rst presented by Grossman (1981) and Milgrom (1981).
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• In each period, there is a positive fraction of managers who choose to sell despite

the fact that the price they receive is lower than the market value they can expect

if they do not sell.

The last property arises from the fact that, because they expect to get lower prices in

the future, and are, moreover, unsure when will they get the next o�er, some managers

are willing to sell in a given period even though they can achieve a higher payo� in that

period if they refuse to sell.

I then analyze how selling behavior is a�ected by the division of bargaining power.

I assume that each manager receives an o�er that is between her expected continuation

payo� if she does not sell (her endogenous outside option) and her assets' value (the

maximum the buyer is willing to pay). I am able to obtain analytic proofs for the

two-period case for any of those prices , and show that:

• When buyers have higher bargaining power (and thus sale prices are lower), sale

thresholds are actually lower and thus the asset is sold earlier.

When buyers have higher bargaining power, current and future prices are lower. The

latter are more pronounced in equilibrium: the manager expects future prices to be low

and therefore has a greater incentive to accept o�ers today.

I next proceed to analyze several useful extensions of the model. First, I consider

the case, mentioned above, where the �rm sells only part of its assets. The value of all

assets is correlated, and thus a sale reveals information to the market about the value

of the remaining inventory. I show that the impact of inventory in a two-period model

is as follows:

• The smaller is the amount sold relative to the leftover inventory, the higher are

the sale thresholds, and so on average it takes longer to sell an asset.

This last result can be interpreted as saying that leftover inventory decreases the volume

of trade. I also analyze a similar two-period model where the buyer always values the

asset by more than its worth to the shareholders, and so trade is e�cient. I show that

even in such a case a similar equilibrium exists, and thus:
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• When sales are e�cient, low types do not sell. Moreover, some of the high types

sell at prices that incur a loss to the shareholders.

Finally, I consider a vesting period, that is, a contract where the manager is compen-

sated only according to the market value in the �long run� (de�ned as the last periods of

the model). I show that such a contract does not solve the con�ict of interest between

the shareholders and the manager. Speci�cally:

• Even with a vesting period, there is a threshold equilibrium in all periods. Thresh-

olds are constant during the vesting period, and are decreasing after it ends..

• In the two-period case, thresholds are minimal, and hence the probability of a

sale is maximized.

Related Literature Empirical evidence shows that managers take into account the

information that their actions disclose to the market. For example, Agarwal and Kolev

(2013) show that managers of public �rms prefer to conduct mass layo�s in a recession

month, when layo�s signal less about the �rm's relative condition. Several papers

(Sekine, Kobayashi and Saita, 2003; Peek and Rosengren, 2005) have found evidence

that banks in Japan continued to lend to severely impaired borrowers during the 1990s

in order to avoid a realization of losses on their own balance sheets.

An established theoretical literature shows that managers with stock-based compen-

sation may not have the same interests as shareholders (Fishman and Hagerty, 1989;

Stein, 1989; Paul, 1992; for a recent survey see Bond, Edmans and Goldstein, 2012,

Section 3).3 In most of these papers, managers choose a non-pro�t-maximizing action

(e.g., underinvestment in Fishman and Hagerty, 1989, earnings manipulation in Stein,

1989) because the market cannot directly observe the actions of the manager. Paul

(1992) shows that prices do not necessarily serve as a good signal of the action of the

3In the context of corporate asset sell-o�s, for example, Lang, Poulsen and Stulz (1995) suggest
that asset sales may be initiated by managers due to personal interests that are not in line with those
of the shareholders (they speci�cally consider empire building). I discuss the empirical literature on
corporate sell-o�s in detail in Section 7.1.
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manager. Only few papers, however, discuss how stock-based compensation may result

in actions that are directly meant to conceal or reveal information. An exception is

Benmelech, Kandel and Veronesi (2010). They develop a model where, in order to

prevent a price reduction, managers may use a suboptimal investment policy to conceal

the fact that a �rm's growth opportunities have declined.4

Several papers analyze dynamic versions of the �lemon market� model (Akerlof,

1970), where sellers are more informed than buyers, and care about the price they get

and not about the market's response. These papers obtain di�erent results compared to

this paper due to the di�erent source of adverse selection. In Janssen and Roy (2002)

and Fuchs and Skrzypacz (2013) low types sell early, because good types can signal

their quality by waiting, the opposite of the results presented here. See also Guerrieri

and Shimer (2014).

This paper is closely related to the literature, mostly in accounting, that discusses

voluntary information disclosure by �rms. Dye (1985) was the �rst to analyze a static

model of voluntary disclosure when the manager's payo� depends on the beliefs of the

market, and the market does not know whether the manager has information to disclose.

In the present model, the decision to sell is similar to a decision to disclose, and I follow

Dye (1985) by assuming that the market does not know whether the �rm has received a

sale o�er. The dynamics, as well as the fact that the asset is not sold for its fundamental

value (due to bargaining and the possibility of an inventory), change the analysis of the

model. I also make the plausible assumption that sale o�ers are available for a limited

time, while dynamic models of disclosure, e.g., Guttman, Kremer and Skrzypacz (2014),

assume that once information is acquired, it can be disclosed at any time.5

Finally, Milbradt (2012) and Bond and Leitner (Forthcoming) present dynamic mod-

4In Acharya, Pagano and Volpin (2013) managers with no ability to generate �alpha� are concealing
their type by �rst investing in risky assets that generate high return in the short-run and then leaving
the �rm before a possible default.

5Acharya, DeMarzo and Kremer (2011) present a dynamic disclosure model where the focus is on
how the timing of disclosure is a�ected by an exogenous public signal. Einhorn and Ziv (2008) and
Beyer and Dye (2012) present disclosure models where the information of the manager is short-lived
and the focus is on reputational e�ects that do not appear here.
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els where a �rm has an inventory of assets and takes into account how its current trade

in�uences the value of the remaining inventory. Both papers �nd that �rms may choose

not to trade in order not to reveal negative information about the value of the inven-

tory. I present a similar problem in Section 6.1, where the market learns about the

value of the inventory from a sale. In my model, the impact of inventory is more subtle

because inventory a�ects the payo� of the manager whether she sells now or whether

she chooses to wait. I discuss these papers in more detail in Section 6.1.

The paper is organized as follows. The model is formally introduced in Section 2.

Section 3 presents some useful properties of a threshold equilibrium, and Section 4 shows

that such equilibrium exists and presents the main results in the simple two-period case.

Section 5 shows that the nature of the equilibrium is similar for any number of periods.

Section 6 presents the extensions, and Section 7 analyzes the economic implications for

corporate sell-o�s and markets for illiquid assets. Section 8 concludes. Proofs that do

not appear in the main text are relegated to the Appendix.

2 A Model

There is a single �rm that owns an asset with a fundamental value of v. The value

is randomly drawn at the beginning of the game and remains constant. The initial

distribution of v can be represented by a cumulative distribution F0 with a partial

distribution f0 that is non-atomic and has full support over a (possibly unbounded)

interval subset of R.6 In what follows I abuse notation and denote by V and V the

lower and upper values, respectively, where V < V , V ∈ R∪{−∞}, and V ∈ R∪{∞}.

I also treat the interval of v as open (and therefore use limits), though I allow v = V

and/or v = V . In the beginning of the game, only the manager of the �rm knows v.

Time is discrete and starts in period 1, and the game has a �nite number of periods (I

�rst analyze the two-period case, and then extend most results to a general T -period

6These assumptions on f0 are for mathematical ease. Most results hold qualitatively even without
them.
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framework).

Periodic Sell O�ers In each period, with probability q a potential buyer arrives and

negotiates with the manager of the �rm a price o�er (Section 6.1 presents an extension

where only part of the �rm's assets are for sale).7 The o�er is short-term (�explosive�):

if there is no deal the buyer leaves to make an alternative investment and the �rm has

to wait until it receives an additional o�er before it can sell. With probability 1 − q

nothing happens during the period.

Value of Ownership The fundamental represents the net present value of the asset's

generated cash �ow. For simplicity, assume that the owners of the asset receive v when

the game ends : the owner is the shareholders of the �rm in case the asset is not sold or

the asset's buyer in case it is sold. Both the shareholders and the buyer do not discount

this payo� during the game (that is, the period number does not a�ects prices). I

assume here that all owners have the same valuation, but it is easy to incorporate the

idea that the buyer values the asset more than the seller. This extension is discussed

in Section 6.2.

Manager's Compensation The manager's compensation, in contrast to the owner's,

is not directly related to the fundamental. Her compensation is an increasing function of

the �rm's stock price. Therefore the manager maximizes, in each period, the discounted

sum of future market values. Notice that while the owners care only about the cash

�ow that the asset generates after the game ends, the manager cares only about what

happens during the game. This captures, in a simple and crude way, the relative short-

termism of the management versus the owners.

One can think of at least two interpretations of the stock-sensitive payo�, both a

result of asymmetric information in other operations of the �rm, which are left un-

7Jain (1985, p. 219) �nds support for the assumption of a single buyer in the context of corporate
sell-o�s: �Reading a large number (over 500) of news items from the Wall Street Journal indicated
that more than one buyer did not usually come forward to competitively negotiate with the seller.�
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modeled for brevity. First, shareholders may compensate the manager using stocks,

possibly to incentivize the manager to exert costly e�ort in other operations where the

manager's action is unobserved (Harris and Raviv, 1979; Holmström, 1979).8 Second,

market value may serve as a proxy for the manager's unobservable ability to govern

other projects in the �rm, and so the manager maximizes market values due to career

concerns (Fama, 1980; Holmström, 1999).

Sale Prices A key aspect of the model is that the buyer is better informed about

the fundamental compared to the market, and that the sale price re�ects this informa-

tion and reveals information about the fundamental. In order to simplify the analysis

and focus only on the asymmetric information between the manager and the market, I

assume that price is conditioned on v. That is, each potential buyer, as part of the ne-

gotiations with the seller, fully observes v, and negotiates a price accordingly. I further

make the plausible assumption that the buyer is forbidden from revealing or selling the

con�dential information that is supplied by the seller as part of the negotiations. Thus,

if there is no sale this information is not disclosed.

The selling price in each period is therefore the result of a full-information bargaining

process between the buyer and the seller (the �rm's manager). I do not model the

bargaining explicitly, but represent it as a reduced form price function p
(
v, uNS(v)

)
,

where v is the value of the seller's assets and uNS represents her outside option if she

does not sell as described below.

If the manager chooses to sell in period t for a price p, then the value of the �rm

from that point, and thus the compensation of the manager, is simply its cash holdings,

which is p. If the manager chooses not to sell, she expects some continuation payo�

that depends on future sale possibilities and the market values until a future sale. This

endogenous payo� is the manager's outside option in the current negotiation. Formally,

8One can, of course, think of other, non-linear, stock-sensitive contracts (e.g., an option-based
contract). Non-linearity creates additional incentives for the manager to sell/not sell the asset. In
order to abstract from such incentives and focus on the informational motive only, I assume the
contract is linear; that is, the manager owns stocks.
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de�ne UNS
t (v) as the expected discounted payo� of a type v manager if she does not

sell in period t (NS stands for �no sale�), and behaves optimally in future periods. Now

de�ne uNS
t using the equality

uNS
t (v) ≡ UNS

t (v)∑T
τ=t β

τ−t
=

1− β
1− βT−t+1

UNS
t (v),

where β is the single-period discount factor used by the manager. uNS
t is a periodic

payout of an annuity of size UNS
t : if she receives uNS

t periodically from period t to the

end of the game, the expected discounted payo� of the manager is UNS
t . Normalized this

way, it is clear that the manager sells if and only if p
(
v, uNS

t (v)
)
≥ uNS

t (v). I normalize

the outside option of the buyer (his payo� in case he does not buy) to zero. Given the

above, it is natural to focus, in case of a sale, on price functions of the type

p
(
v, uNS

t (v)
)

= (1− λ) · uNS
t (v) + λ · v, (1)

where λ ∈ [0, 1] is the relative bargaining power of the seller (the manager). This

formulation is standard and nests many models of bargaining with symmetric informa-

tion, such as Nash (1950) and Rubinstein (1982): λ may be a result of, say, di�erent

discount factors, or the relative scarceness of the asset sold.9 For the sake of exposition,

and without loss of generality, think about the following speci�c bargaining procedure:

with probability λ the seller makes a take-it-or-leave-it o�er and thus p = v, while with

probability 1 − λ the buyer makes such an o�er and therefore p = uNS
t (v). Under this

interpretation, which I follow below, λ is simply the ex-ante probability of the seller

to obtain the entire surplus from trade. Note also that uNS
t (v) is a function of future

prices, and therefore is also a function of λ.

The price function of (1) implicitly assumes that trade is e�cient : if uNS
t (v) ≤ v,

then p
(
v, uNS

t (v)
)
≥ uNS

t (v) and so type v sells in equilibrium in period t. This is

in line with models of bargaining under full information. The idea is that a price

9Ahern (2012) present empirical evidence that in mergers the relative scarceness of the target
determines the division of gains between the seller and the buyer.
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p < uNS
t (v) < v cannot be part of an equilibrium because the buyer has an incentive

to o�er a higher price p′ ∈
(
uNS
t (v), v

)
that is pro�table to both parties, and there is

nothing that prevents the buyer from doing so as well.

Market Values A �rm that hasn't sold until the end of period t is valued at a market

value of ht. I assume risk-neutral pricing, where the market value of the �rm equals

the expected value from owning the �rm at the end of the game. Thus, the market

value ht takes into account not only the expected fundamental given the fact that the

�rm hasn't sold yet, Et [v], but also the possibility that the asset may be sold in future

periods for prices that di�er from the fundamental value. In each period, if only some

types of the seller agree to sell when o�ered to, then an event of no-sale delivers some

information to the market about the value of the fundamental. This information is

taken into account in the market values.

After the asset sale the �rm's only asset is cash, and therefore its market value simply

equals p (in Section 6.1, where I analyze a partial asset sale, the post-sale market value

depends also on the fundamental).

Equilibrium De�nition I �nd a perfect Bayesian equilibrium. Such an equilibrium

is composed, in each period, (1) of a strategy of the seller to sell or not to sell in

each period ({S,NS}) given her type, (2) of a price p that depends (through uNS
t ) on

the current and future market values, and (3) of the prior belief about the fundamental

value in case there is no sale until the end of this period. Bayesian equilibrium demands

that this public belief be Bayesian updated every period given the strategy of the �rm

in that period. These beliefs are represented by the partial and cumulative distribution

functions ft(v) and Ft(v), respectively. The market value in each period, ht, is fully

determined by the above.
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3 Properties of a Threshold Equilibrium

In Section 4 I show that the equilibrium of the game has a threshold selling strategy;

that is, in each period all the manager's types above some threshold sell if they receive an

o�er. This short section introduces some relevant notation and preliminary properties

that are used below. Henceforth, I denote the equilibrium threshold type in period t

by v∗t . In a threshold equilibrium, the market value ht depends on all the thresholds:

thresholds {v∗τ}
t
τ=1 determine the prior of the market regarding the fundamental value

of a �rm that hasn't sold until the end of period t, while thresholds {v∗τ}
T
τ=t+1 determine

the probabilities that the asset will be sold after period t and the sale prices if it is sold.

Denote the entire vector of thresholds by v∗ ≡ (v∗1, v
∗
2, . . . , v

∗
T ) and the market value in

equilibrium by h∗t ≡ ht (v∗).

3.1 Growing pessimism until sale

When threshold strategies are used, then the posterior at the end of period t following

no-sale is

ft (v; v∗t , q) =


ft−1(v)

1−q+qFt−1(v∗t )
v < v∗t

(1−q)ft−1(v)
1−q+qFt−1(v∗t )

v ≥ v∗t

and Ft (v; v∗t , q) =


Ft−1(v)

1−q+qFt−1(v∗t )
v < v∗t

qFt−1(v∗t )+(1−q)Ft−1(v)

1−q+qFt−1(v∗t )
v ≥ v∗t

.

(2)

Note that ft and Ft are actually functions of the thresholds of the entire history {v∗τ}
t
τ=1,

but in the sequel I usually omit those variables but the last when the context is clear.

De�ne Et [v] (v∗t , q) ≡ EFt(v;v∗t ,q)
[v] as the expected fundamental in the end of period t

given that the �rm uses a threshold strategy v∗t and that there was no sale until the

end of that period. Note that Ft �rst-order stochastically dominates Ft+1 and thus

Et [v] > Et+1 [v]: investors are becoming more pessimistic about the fundamental value

of the �rm until a sale.

13



3.2 The threshold type receives maximal pricing

An additional property of a threshold equilibrium is that in equilibrium the threshold

type receives pt (v∗t ) = v∗t , no matter what the division of bargaining power is. This is

a result of equilibrium e�ciency.

Lemma 1. If the �rm uses a threshold strategy v∗t then pt (v∗t ) = v∗t .

Proof. The proof is immediate from (1) and the e�ciency of equilibrium that entails

v∗t = uNS
t (v∗t ).

4 Equilibrium in the Two-Period Case

I start by �nding the equilibrium for the two-period case. This allows me to develop

all intuitions in a relatively simple environment. Using backward induction, I solve the

last period �rst and the �rst period last. The last period can also be interpreted as a

static one-shot game, and thus comparing the two periods shows the role of dynamics

(and forward-looking behavior) in the results.

4.1 A static benchmark / The second period

The last period is identical to a static one-shot model.10 In this period, the manager

decides between selling and obtaining p2(v) and not selling and obtaining h2. Thus, type

v will sell i� p2(v) ≥ h2 (in the terminology introduced above, uNS
2 (v) = h2). Because

p2(v) is weakly increasing in v (equation (1)), the selling strategy is a threshold strategy.

The last market value, h2, is simply the expected fundamental, and is equal to E2 [v].

Given Lemma 1, the threshold is de�ned using the following indi�erence condition:

v∗2 = E2 [v] (v∗2, q) .

10The static model is very similar to the voluntary disclosure model of Dye (1985) and Jung and
Kwon (1988), the major di�erence being that in the event that the manager decides to sell (equivalent
to disclosure in Dye, 1985), he does not necessarily receive v.
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Notice that the set of types that sell does not depend at all on the bargaining power

parameter λ (but does depend on the distribution, which, as we shall see, does depend

in a dynamic model on λ).

In what follows, de�ne vM(F, q) as the �xed point of the equality

vM(F, q) = E [v]
(
vM(F, q);F, q

)
, (3)

where F is the prior distribution of v. Given this de�nition, v∗2 = vM2 ≡ vM (F1, q)

where F1 is the prior in the beginning of period 2. The following lemma sums up this

observation:

Lemma 2 (Second Period Threshold). In the second and last period, a manager sells

if and only if v ≥ vM2 , and the market value of a �rm that does not sell is h∗2 = vM2 .

This result is independent of sale prices.

A useful property of vM , �rst mentioned and proven in Acharya, DeMarzo and

Kremer (2011) and extensively used below, is the fact that the expected fundamental

Et [v] (v∗, q) has a single minimum in v∗ = vMt :

Fact (�The Minimum Principle,� Acharya, DeMarzo and Kremer, 2011, Proposition 1).

vM is unique and satis�es vM(F, q) = minv∗ EF [v] (v∗, q).

Given the minimum principle, the equilibrium threshold in the second period is

unique for a given F1.
11 The sale price depends on the division of bargaining power

(Equation (1)), and is

p2(v) ≡ p
(
v, vM2

)
= (1− λ) · vM2 + λ · v. (4)

Notice that in the scenario where the buyer has all the bargaining power (λ = 0), all

types receive a payo� of vM2 in the second period, whether they sell or not.

11In any threshold equilibrium, there are many �rejection� prices for values below the threshold
(v < v∗) that can support the equilibrium, and so the equilibrium is unique up to prices below the
threshold. In what follows I ignore this multiplicity and say that the equilibrium is unique when the
set of selling types is unique.
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4.2 The two-period equilibrium

In period 1, the �rm cares also about its expected payo� in period 2. I �rst prove that

in period 1 there also exists an optimal threshold.

Lemma 3. The optimal strategy in period 1 is a threshold strategy.

Given that there is a threshold equilibrium in the two-period model, I now describe

the main properties of the equilibrium.

Proposition 1 (Properties of the Two-Period Equilibrium). In a two-period model,

when λ > 0, equilibrium has the following properties:

1. The �rm's market value is decreasing until a sale: h∗0 > h∗1 > h∗2.

2. Sale prices are decreasing over time: p1(v) > p2(v) for v > v∗1.

3. Thresholds are decreasing: v∗1 > v∗2.

4. The average quality of assets that are sold is decreasing over time: E0 [v | v ≥ v∗1] >

E1 [v | v ≥ v∗2].

Moreover, all the inequalities above become equalities when the seller has no bar-

gaining power, i.e., when λ = 0.

In each period, no-sale is perceived by the market as a bad sign, decreasing the

market value of the �rm and thus the compensation of the manager. This, in turn,

results in more pressure to sell. A managers who has an o�er and chooses not to sell

can expect lower market values until she sells and, in addition, a lower sale price for

her asset if she chooses to sell in the future. For those reasons, the threshold is also

decreasing: more managers choose to sell as time passes. On average, better assets are

sold earlier, and the expected fundamental of a sold asset decreases over time.

As one can see, the main driver of the results is that the market value of the �rm

decreases until a sale. This is not an immediate result since the passage of time has

two con�icting e�ects: on the one hand, in each period �good� �rms (those above the
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threshold) sell and therefore the population of �rms that haven't sold has lower expected

fundamental value. On the other hand, a sale is always a loss from the shareholders'

point of view, and as time progress there is less time left for a potential sale. The key

point of the proof is to show that the former e�ect is always stronger than the latter.

This is because the threshold is determined in equilibrium such that the expected sale

price is higher than the current market value. This, in return, leads to decreasing

market values.

In the speci�c case where λ = 0, the buyer is able to extract all the surplus from

trade and thus all types of the seller obtain the same equilibrium payo� in each period,

whether they sell or not. The expected ownership value of the �rm is the same whether

the asset is sold or not, and so the information that a �rm did not sell in a given period

has no impact on market value. Thus, market value is constant over time, despite the

fact that the expected fundamental decreases over time. As a result, the sale threshold

is also constant. In what follows I usually focus on the more economically meaningful

case of λ > 0.

4.3 Bargaining power and volume

This section analyzes how the thresholds depend on the division of bargaining power

that is captured by the parameter λ. Given that v∗1 > v∗2 (Proposition 1 part (3)), the

outside option of any type v ≥ v∗2 is

uNS
1 (v) =

h∗1
1 + β

+
β

1 + β
[(1− qλ) · h∗2 + qλv] . (5)

One can substitute (5) in condition v∗1 = uNS
1 (v∗1) (Lemma (1)) to get

v∗1 =
h∗1 + β(1− qλ)h∗2

1 + β(1− qλ)
. (6)

Observe from the equation above that v∗1 is a function of v∗2 through h∗1 and h∗2, and

note that v∗2 is a function of the distribution F1, and therefore it is also a function of

17



v∗1. Thus, both thresholds are determined jointly in equilibrium, and the e�ect of λ is

not immediate. Fortunately, this problem can still be solved for two periods and one

can show there are more sales when the buyer has more bargaining power. As part of

the proof I also prove the equilibrium is unique.

Proposition 2. In a two-period model

1. The equilibrium thresholds, as characterized in Lemma 2 and Equation (6), are

unique.

2.
∂v∗t
∂λ

> 0 for t ∈ {1, 2}.

Proposition 2 states that when the buyer has more bargaining power more types

sell. This result is not intuitive, and it suggests the asset is sold faster when prices are

lower. The intuition for the result is as follows: when the seller has more bargaining

power she can expect higher prices in both periods. However, since v∗1 > v∗2, then for

any type p2(v) increases by more than p1(v) (technically, v − uNS
t is larger for t = 2

than for t = 1). Thus, the main e�ect is higher future prices, which gives the seller

more incentive to wait for the second period: v∗1 increases. In turn, since less types sell

in the �rst period, the distribution of types in the second period is less skewed and the

expected fundamental is higher. This results in higher threshold in the second period.

A higher sale threshold means that, in each period, the probability of a sale is

lower. One possible interpretation to this probability is volume. Thus, an increase in

the bargaining power of the seller decreases the volume of deals. I use this interpretation

in Section 6.1 below.

5 General Finite Horizon (T Periods)

In this section I generalize the analysis above to an arbitrary number of periods, and

obtain the same results as in Proposition 1. In order to simplify the exposition, I focus

in this section on the case where λ > 0. In a T -period model, periods T and T − 1 are
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identical to the two-period model. I solve for all other periods using backward induction.

The results for the T -period case are summarized in the following proposition.

Proposition 3. In a model with T periods, when λ > 0, equilibrium has the following

properties:

1. There is a threshold-selling strategy in all periods.

2. Market values are decreasing: h∗t−1 > h∗t for all t ∈ {1, . . . , T}.

3. Thresholds are decreasing: v∗t−1 > v∗t for all t ∈ {2, . . . , T}.

4. The average value of assets that are sold in each period, Et [v | v ≥ v∗t ], is decreas-

ing over time.

Given an equilibrium strategy with decreasing thresholds, one can write explicitly

the outside option of the manager. Assume a �rm that hasn't sold in the �rst t −

1 periods, with a type v ≥ v∗t+1, so the manager would like to sell in period t + 1

and all subsequent periods if she has an o�er. We can use (1) to give the following

representation of the outside option for the manager in period t:

UNS
t (v) = uNS

t (v) ·
T∑
τ=t

βτ−t =
T∑
τ=t

[β(1− qλ)] τ−thτ (v
∗
τ , q)+v

T∑
τ=t

βτ−t
(
1− (1− qλ)τ−t

)
.

(7)

Note that uNS
t is decreasing in t for v ≥ v∗t , and so types who are above v∗t+1 (and thus,

also all types who sell in period t) expect lower prices if they do not sell in period t.

Substituting (7) in the indi�erence condition v∗t = uNS
t (v∗t ) (Lemma 1) and rearranging

yields

v∗t =

∑T
τ=t [β(1− qλ)]τ−t h∗τ∑T
τ=t [β(1− qλ)]τ−t

. (8)

As in the two-period case, the threshold is an average of the market values that the �rm

will get in the future, discounted and weighted by the probability that the �rm arrives

that period without an o�er, and taking into account the price discount that is given
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in case the asset is sold in the future. Unfortunately I cannot extend the results of

Proposition 2 to the T -period case, as the analysis becomes intractable. I was able only

to show these results hold for several examples. One can prove that the equilibrium is

unique in the case of λ = 1 and, since the market values are continuous with regard to

the thresholds, this proves that the equilibrium is unique also for high levels of λ < 1.

I can also prove that all thresholds increase in λ if the equilibrium is unique and β is

not too high.

5.1 Discussion: returns and sales

This section describes some testable predictions of the model regarding the expected

returns following a sale. These testable predictions are presented as lemmas that present

properties of the threshold in all but the last period, that is, in all periods where the

manager takes into account future sale possibilities. The �rst prediction is about the

average abnormal return following a sale.

Lemma 4 (Average Positive Return for a Sale). When a manager has some bargain-

ing power (λ > 0), then a sale leads, on average, to a positive return, i.e., h∗t−1 <

Et−1 [pt(v) | v ≥ v∗t ].

The proof to the lemma is part of the proof to part (2) of Proposition 3. The

intuition is as follows. In a threshold equilibrium, the market value of a �rm that

hasn't sold until the end of period t is a martingale and satis�es the following equality:

h∗t−1 = (1− q + qFt−1(v∗t ))h
∗
t + q (1− Ft−1(v∗t )) · Et−1 [pt(v) | v ≥ v∗t ] . (9)

That is, the expected value to the owner in the beginning of period t, h∗t−1, is an average

of the expected value in the end of this period, h∗t and the expected revenue from a

sale in period t (as this will be the value of the �rm in that case), where the weights

are according to the probability of sale in the beginning of period t. It is easy to see

from (9) that Lemma 4 holds if and only if the market value of a �rm that hasn't sold

is decreasing over time.
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Though the average return for a sale is positive, a sale may also generate negative

returns. This is not surprising given the fact that a manager expects a decline in market

value in case she does not sell, and so she will sell even if sale also results in some decline.

A more interesting prediction of the model is that in all but the last period some types

of managers will incur a short-term loss and sell even when no-sale would result in a

higher market value. Selling thresholds thus have the following property.

Lemma 5. In all but the last period, the market value of the threshold type falls after

the sale and is below the market value of a �rm that does not sell: v∗t < h∗t for all

t ∈ {1, . . . , T − 1}.

Proof. The lemma is immediate given 8 and part (2) of Proposition 3.

Therefore, the lower types that choose to sell (the threshold type v∗t and those just

above it) do so despite the fact that no-sale would have induced a higher market value,

and thus a higher compensation in that period. The return of these �rms is lower in

period t if a buyer arrives. This result is obtained without any �nancial constraints or

�nancial distress (i.e., this is not a ��re sale�), and it is a result of the dynamic nature

of the problem, that is, the expected declining pattern of market values and sale prices.

6 Extensions

In this Section I present three extensions of the standard model. I relate to some of

them in the next section where I discuss the economic implications of the model. For

simplicity, I extend the two-period model of Section 4, but all results, but the ones that

rely on Proposition 2, can be extended for any number of periods.

6.1 Inventories

In this section I consider the case where a �rm does not sell its entire asset. Speci�cally,

I assume that a sale involves only a fraction of α of the �rm's asset, and 1 − α of the

21



asset remains as an inventory. Thus, the manager cares not only about the actual sale

price, but also about the e�ect that this sale has on the market value of this remaining

inventory. Such an assumption �ts, for example, the case where the �rm has several

assets with the same fundamental value that cannot be sold all together. Even if the

assets are not identical in value, but their values are positively correlated, the qualitative

results of this section do not change.

I focus on the case where λ > 0. In such a case, the price, by construction (equation

(1)), is strictly increasing in v. Therefore, the price is a perfect signal about the

fundamental value of the remaining inventory. In such a case, the payo� of the seller

following a sale is simply

α · p(v, uNS) + (1− α)v = α(1− λ) · uNS(v) + [1− α(1− λ)] v.

Thus, the equilibrium is similar to a model where the seller has more bargaining power.

From Proposition 2 we know this means that the equilibrium thresholds are higher.

This is formally written below.

Corollary 1. In the two-period inventory model, when λ ∈ (0, 1] and sale prices are

publicly observed, selling a smaller part of the asset results in higher thresholds:
∂v∗t
∂α

< 0

for λ ∈ (0, 1) and
∂v∗t
∂α

= 0 for λ = 1, where t ∈ {1, 2}.

An inventory makes a sale more pro�table, because the manager pro�ts from the

disclosure of its type � she receives p ≤ v for the assets she sells and v for those that

remain. Surprisingly, this results in fewer sales in the �rst period, because the seller

can expect a more pro�table trade in the future. Thus, when the left inventory relative

to the sold amount is higher, fewer types are willing to sell, and the probability of a

sale is lower.
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6.2 E�cient sales

The basic model assumes that the shareholders of the �rms have the same valuation for

the asset as potential buyers. Thus, in all cases but λ = 1 sales destroy value from the

shareholders' point of view. The model, however, can be easily modi�ed to include the

case where buyers value the asset more than shareholders, and thus sales are always

Pareto-e�cient. This is the case, for example, if a buyer is willing to pay v + ∆ for

an asset that a shareholder values at v, and ∆ > 0 is commonly known to everyone,

including outsiders. Such an assumption is reasonable as trade may result in gains:

gains from synergy in case of corporate sell-o�s, gains from hedging in case of �nancial

asset sales, etc. In what follows I brie�y outline the results of such a model. For brevity

I do so informally, but a formal proof for the two-period case is available upon request.

The equilibrium of a model with �e�ciency gains� has the same qualitative properties

as those of the standard model outlined in Section 2. That is, there is a threshold

equilibrium, and market values as well as sale prices are decreasing over time. Note

that in such a case, the welfare implications of the model are di�erent: types below the

threshold do not sell despite the fact that sales are e�cient. Moreover, even though

a sale is e�cient (as it allocates the asset to a buyer who values it more), it can be

value-destroying from the shareholders' point of view. To see why, note that, since the

seller can now extract v + ∆ if she has all the bargaining power, equation (1) becomes

pt
(
v, uNS

t (v),∆
)

= (1− λ) · uNS
t (v) + λ · (v + ∆) ,

and the threshold type is de�ned using the equality v∗t + ∆ = uNS
t (v∗t ). Thus, share-

holders of the threshold types (and also some types who are greater) bene�t from a

sale. However since uNS
t (v) < v is possible for types who sell (v > v∗t ), then high types

who sell receive pt (v, ·) < v.

There are two noteworthy di�erences between the equilibrium of the standard model

and the equilibrium of the model with e�ciency gains. First, in the standard model,
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v∗t > V for all t.12 In contrast, when there are gains from trade, a sale is more pro�table

and, if ∆ is high enough and V > −∞, it may be that all types choose to sell. In a

dynamic model, thresholds may be higher than V in the early periods, and equal to

V in the later periods. To summarize: gains from trade mitigate the e�ect of adverse

selection.

The second di�erence between the standard two-period model and the model with

e�ciency gains is that Proposition 2 holds only if ∆ is not too large: while v∗1 is always

increasing in λ, v∗2 may be decreasing in λ if ∆ is high. What matters is the e�ect

of an increase in v∗1 on what the market learns when it does not observe a sale. In

the standard model, the higher v∗1 is, the less bad news that the no-sale conveys about

the value of the �rm (this is because higher v∗1 means better types choose not to sell).

This, in turn, increase the threshold in period 2. This result remains even for some

positive levels of ∆. However, when ∆ is very high and therefore v∗1 is very low, the

e�ect is reversed. When v∗1 is very low, the market's prior about the fundamental does

not change much if there is no sale in period 1: it is likely that the no-sale is a result of

a buyer not arriving in that period. In such a case, higher v∗1 (due to higher λ) makes

it more likely that the no-sale is due to an active rejection of a low type, and thus the

no-sale conveys a more negative signal about the �rm's value. This, in turn, decreases

the market value also in the second period, and thus decreases the threshold in the

second period.

To summarize: introducing modest e�ciency gains from trade does not change the

predictions of the model. Stock-related compensation is still associated with a loss of

welfare: some pro�table deals are not done. Moreover, from the shareholders' point of

view, managers may engage in value-destroying deals even in this case.

12To see why note that since in every period there is a positive probability that no buyer has arrived
yet, h∗t > V for all t, and so, by equation (8), v∗t > V .
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6.3 Compensation with a vesting period

Following the 2008 �nancial crisis, public concern rose regarding the e�ect of unre-

stricted performance-based compensation. It was suggested that managers with stock-

based compensation took excessive risk in order to generate short-term pro�ts. Investors

and policy makers have argued for the adoption of executive compensation schemes with

long vesting periods in order to prevent such manipulation. The idea is that managers'

compensation will still be sensitive to the stock price, but managers will care only on

the medium- and long-run. Several academic papers supported this suggestion (see,

e.g., Bhagat and Romano 2009; Edmans et al. 2012; Peng and Röell 2014). In light of

this suggestion, it is natural to ask whether a vesting period also solves the con�ict of

interest in this paper, and prevents managers from engaging in value-destroying sales.

The answer to this question is no. In any case where the manager's compensation is

related to the market value, even if this relation does not start in period 1, the model

predicts a threshold strategy, and thus an ine�cient outcome, in all periods. Moreover,

in the two-period case, a vesting of one period actually maximizes sales and thus harm

shareholders.

In order to outline this point I now analyze brie�y a two-period model with a vesting

of one period. That is, the manager is only compensated according to the market value

in the last period, and in the �rst period receives some �xed payo� (which, without

loss of generality, is normalized to zero). This argument can easily be extended to

a T -period model with a vesting of k < T periods. In this model, the second (and

last) period is identical to that of the standard model, and the analysis is as in Section

4.1, leading to v∗2 = vM2 . Recall also that h∗2 = vM2 . In the �rst period, the manager

cares only about the market value in the second period. Suppose the manager's type

is v ≤ v∗2. Then, even if she has a buyer in the �rst period, she prefers not to sell for

the same reasons as in period two. Now suppose that the manager's type is v > v∗2. In

that case, if she sells she receives p1(v) in the second period, and if she refuses to sell

she receives q · v + (1 − q) · vM2 in the second period, which is lower. Obviously there
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is a threshold equilibrium, and thus Lemma 1 holds. This, in turn, leads to v∗1 = vM2 .

Thus, in the �rst period there is a threshold equilibrium with the same threshold in the

second period: v∗1 = v∗2 = v˜, where v˜ is de�ned using the equality v˜ = vM2 (v˜). The basic
argument can be easily generalized to any number of periods to obtain the following

lemma.

Lemma 6. In a T -period model with a vesting of k < T periods:

1. There is a threshold equilibrium in all periods.

2. Thresholds are constant in the �rst k periods, and are decreasing from period k+1.

As part of the proof to Proposition 2 (step 3) I show that v˜ exists, is unique, and is

the global minimum of the function vM2 (v1). This leads to the following result.

Lemma 7. In a two-period model, a vesting of one period maximizes the probability of

a sale.

The intuition for this result is that when the manager does not care about the market

values in the very short horizon (the �rst period), she only considers the low market

values in the future (the second period) and thus observes a lower outside option. This

leads to actually more sales, which, in turn, leads to lower market values in the future

and even more sales now. Thus, if shareholders attempt to prevent value-destroying

sales, one-period vesting is the worst thing they can do.

7 Economic Implications and Predictions

The stylized model presented in this paper is a general framework, and can be �t to

describe di�erent kinds of asset sales that occur over the counter. In this section I

address two speci�c types: corporate sell-o�s and sales of illiquid �nancial assets such

MBSs and CDOs. In the �rst subsection I review the empirical literature on corporate
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sell-o�s and analyze it in light of the model.13 I then outline a testable prediction

regarding the pattern of stock prices after the announcement of a sell-o�. In the second

subsection I analyze, in light of the model, how a mild decline in the demand for

�nancial assets may create a market freeze, and highlight the importance of inventories

in the process. I compare these results to those of other theoretical papers on the e�ect

of inventories.

7.1 Corporate sell-o�s

The literature on corporate sell-o�s, i.e., real sales of factories and divisions, focuses

mainly on the question of whether sell-o�s are initiated due to e�ciency gains or ill

incentives of managers. Alexander, Benson and Kampmeyer (1984) analyze a small

sample of corporate sell-o�s and �nd that asset sales generate, on average, a positive

stock response, and tend to occur after a period of abnormally negative returns. Since

their sample does not include sell-o�s with previous announcements of �looking for

buyers� or �negotiations begun,� this period of negative returns may be due to a selection

bias, where �rms in poor condition tend to sell some of their activities. This is con�rmed

by �ndings in Lang, Poulsen and Stulz (1995). Jain (1985) �nds similar results with a

much larger sample. Hite, Owers and Rogers (1987) also �nd that announcements of

sell-o� bids as well as of �nalizations of deals result in positive abnormal returns.

All authors interpret the positive average return on the time of a sale as a sign that

the market believes the sale is e�cient (that is, the asset will be utilized better by the

buyer). The model above, however, generates an average positive return by the time

of the sale even when the sale is ine�cient (Lemma 4), because a sale reveals that the

�rm is better than average. This suggests that more caution needs to be exercised in

interpreting positive returns in asset sales.

Hite, Owers and Rogers (1987) attempt to examine the e�ect of information by

13While the basic model describes a sale of the entire assets of a �rm, I believe it is more suitable to
analyze partial sell-o�s than liquidations or mergers and acquisitions. The reason is that in the latter
the manager loses her job in the act of a sale, and thus a model of M&A must take into account the
speci�c compensation the manager receives for a sale. This aspect is beyond the scope of this paper.
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analyzing failed sell-o�s: they examine the impact of announcements that a sale is

unsuccessful. When the market knows that a buyer has arrived, the model predicts that

there will always be a sale (this is the unraveling result of Milgrom, 1981 and Grossman,

1981). In reality, however, negotiations may fail for reasons that are independent of the

the value of the assets, and thus full unraveling may not always occur. Thus, one can

interpret the probability 1−q in the model as a probability that either a buyer does not

arrive, or that a buyer arrives but the negotiation fails due to reason that is independent

of value. Under this interpretation, the model predicts that failed negotiations will

result in negative returns (similar to a period with no sale). Hite, Owers and Rogers

(1987) �nd that when an announced sale is unsuccessful, the seller experiences a negative

abnormal return that is larger (in absolute value) than the positive return at the time

of a bid announcement, and this �ts the model predictions.14

Lang, Poulsen and Stulz (1995) document negative abnormal returns following the

announcement of a sale for a sub-sample of sell-o�s where �rms retain the proceeds from

sales within the �rm.15 Their results imply that sell-o�s are generated by managers'

personal incentives and may be ine�cient. Tehranian, Travlos and Waegelein (1987)

also show that short-termism of managers matter: in their sample announcements of

sell-o� proposals are associated with positive abnormal returns only for �rms with

long-term performance plans, while �rms without such plans exhibit negative, albeit

insigni�cant, returns. Schlingemann, Stulz and Walkling (2002) examine the relation

of divestitures to market liquidity: �rms are more likely to divest a division when asset

liquidity is higher in the related segment of operation. If one interprets the parameter

in the model that represents probability that a buyer arrives (q) as correlated with

liquidity, then this empirical result is also in line with the model's results.

14Hite, Owers and Rogers (1987) argue that if an abnormal return following a bid o�er is due to an
information e�ect, then a withdraw of this o�er does not provide new information. Therefore, they
see the negative return as evidence that counters the �information hypothesis�. This paper, however,
o�ers a theory where both successful and unsuccessful deals release information.

15Lang, Poulsen and Stulz (1995) �nd positive returns following the announcement of a sale for �rms
that pay out the funds that the sales generates. Those �rms are usually close to distress and use the
funds to reduce leverage, and thus are not relevant to the kind of sales analyzed in this paper, where
managers have full discretion over whether to sell the asset or not.
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The model presented in this paper makes a speci�c prediction about the pattern of

returns between a general announcement of a �rm that it intends to divest and the actual

time of sale. To the best of my knowledge, this time window has not been researched

empirically. The model is ambiguous as to the return at the time of the announcement:

it generates both positive and negative returns, depending on the level of e�ciency

gains (modeled in Section 6.2 using ∆). Since the model, by de�nition, assumes some

agency costs that are a result of the con�ict of interests between the manager and the

shareholders, substantial gains are needed to generate a positive return if the manager

has discretion over the strategic decision to sell. The model is clear, however, in its

prediction of the pattern of returns that follows such an announcement:

1. From the time a �rm declares its intention to divest, abnormal returns, net of

changes due to other activities of the �rm, will be negative until the sale.

2. Upon the announcement of a sale, the �rm's stock will experience, on average, an

abnormal positive return.

3. The distribution of abnormal returns at the time of a sale announcement will be

skewed to the right.

The �rst prediction is simply part (2) of Proposition 3, while the second prediction is

Lemma 4. The third prediction is a result of selling thresholds decreasing over time

(Proposition 3 (3)): the higher the value of an asset, the higher the probability of it

being sold earlier, and this results in a long �right tail.�

7.2 Illiquid �nancial assets and market dry-ups during down-

turns

The model, and speci�cally the result of Section 6.1, can be used to analyze the sale

of �nancial assets that are sold in over-the-counter markets, such as MBSs and CDOs.

In what follows I outline an interpretation of the model that results in an empirical

prediction of volume patterns in these markets. The parameter q, the probability that
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a buyer arrives, can be interpreted as a proxy for �market conditions�: when conditions

are good there are many sellers that provide liquidity, and thus q is close to one. When

liquidity is low, one has to wait longer until a buyer arrives. The ex-ante probability of

a sale in each period, q · [1− Ft(v∗t )], can be interpreted as volume.16 Note that selling

thresholds are decreasing in q: when there is a high probability that a buyer arrives,

no-sale is a very negative signal, and thus the market value of a �rm that hasn't sold

is low and thresholds are also low (v∗t → V for all t as q → 1). Thus, when market

conditions are good, the probability of a sale is high in all periods.

Now assume that there is some negative demand shock, whether market-speci�c or

due to a general economic downturn. The decrease in q directly reduces the volume,

simply because there are fewer buyers. The model above, however, identi�es two supply-

side ampli�cation e�ects. First, a reduction in q entails an increase in the selling

thresholds. This further decreases the volume. Second, if during the good times the

�rm acquired a large inventory of similar assets, this will result in even higher thresholds

and a lower probability of a sale. In other words, when inventories are large enough,

even a small negative demand shock may result in a sharp reduction of the volume.17

Notice that our model predicts that when thresholds increase the sold assets will be of

higher quality. That is, the model predicts a ��ight to quality� e�ect within the same

class of assets.

The interpretation outlined above is related to the sharp decline in market volume

that has been observed in markets for structured assets, as discussed in the Introduction.

It can explain why a decrease in demand due to a downturn lead to a dry-up of such

markets, and how large inventories that banks hold can make this decrease even worse.

16More accurately, this probability creates a distribution on the ex-ante expected time for a sale
(with a support of size T + 1, as there is a possibility of no-sale), which can be interpreted as volume.
Note that if all selling thresholds increase, then the new distribution is dominated by the original
distribution in the �rst-order sense.

17The comparative statics analysis above assumes implicitly that the business cycle shock is not
predicted. Otherwise, in periods of high q, managers would expect q to decrease and act accordingly. I
believe the analysis holds even when q is known to be mean-reverting but stochastic, so that managers
do not know the exact timing of the shock. In such a case, thresholds are negatively correlated with
changes in q.
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The explanation is that, due to managers' concerns about the information released as

a result of a sale, demand shocks are ampli�ed by a supply-side response: managers

have lower incentives to sell in order to disclose the value of their assets .

Milbradt (2012) and Bond and Leitner (Forthcoming) also discuss the relation be-

tween inventories and market dry-ups. In both of these papers, inventories may result in

a �market freeze,� where assets are not sold at all. The underlying mechanism discussed

in those papers, however, is di�erent from the one analyzed in the present paper. In

those papers, �rms forgo pro�table transactions because they reduce the value of their

inventories. In contrast, here the result arises from the dynamic nature of the prob-

lem, and the information externality. In Milbradt (2012), the value of the inventory is

updated due to fair value accounting of illiquid (�level 3�) assets, and so rational ex-

pectations do not play a role and the market value does not change when there are no

transactions. Moreover, since in Milbradt (2012) �rms can and always trade when the

fundamental increases, there cannot be price jumps but only price drops. In contrast,

this paper predicts both price jumps and price drops following a sale. In Bond and

Leitner (Forthcoming), as in the present paper, the value of the assets is a result of

rational expectations. However, in their paper prices also do not change when there are

no transactions, as it is the uninformed buyer who chooses not to sell. In their �lemon

market� setup with informed seller and uninformed buyer, trade always decreases the

value of the remaining assets due to adverse selection, while in the present paper, a

sale is made in order to reveal positive information about the asset's value, and market

value decline in periods with no sale. Bond and Leitner (Forthcoming) predict a price

increase (�run-up�) and then a halt in trade (�freeze�), while I predict that trade will be

delayed (on average), but that assets will be sold eventually.

8 Concluding Remarks

In this paper I have analyzed a dynamic model of asset sales that are done over the

counter. The focus of the model was the information externality that arises when a
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sale releases information on the value of the asset, and how this externality a�ects a

manger whose compensation is sensitive to the stock price. The focus on the dynamics

and e�ect of information has allowed me to draw some speci�c predictions regarding

the pattern of returns, which I believe are able to shed light on several markets, such

as markets for corporate sell-o�s and markets for structured �nancial assets. In order

to generate sharp predictions, I have assumed away many aspects of over-the-counter

markets: the possibility of a competition between sellers and buyers, search frictions,

the role of market makers, etc. A challenge left for future research is to develop a more

general model of over-the-counter markets where traders care not only about their gains

from trade, but also about the information that is revealed as part of this trade.
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A Appendix

A.1 Proof of Lemma 3

Proof. Assume an arbitrary strategy in period 1, V1 = {v | v sells in period 1}, and

denote by h1(V1) the market value of a �rm that does not sell in period 1 given this

strategy. A seller of type v′ sells if and only if v′ ≥ uNS
1 (v′). The outside option uNS

1 (v′)

is calculated by

uNS
1 (v′) =

h1 (V1)

1 + β
+

β

1 + β
[(1− qλ) · h∗2 + qλmax {h∗2, v′}] , (10)

where h∗2 is the threshold type in period 2 as de�ned above given strategy V1. Since

∂uNS
1 (v′)

∂v′
< 1, if type v′ prefers to sell then so do all types v > v′, and so the equilibrium

strategy is a threshold.

A.2 Proof of Proposition 1

Proof.

Part (3) To see that v∗1 ≥ v∗2, �rst assume the contrary. If v∗1 < v∗2, then type v∗2 = vM2

strictly prefers to sell in period 1, that is,

h∗1 + β · vM2 < (1 + β) · p1

(
vM2
)
.

Since p1

(
vM2
)
< vM2 this entails h∗1 < vM2 . To see the contradiction note that the

market value is a martingale and thus can be written as

h∗t =
(
1− q + qFt(v

∗
t+1)
)
h∗t+1 + q

(
1− Ft(v∗t+1)

)
· Et

[
pt+1(v) | v ≥ v∗t+1

]
.

Speci�cally for h1, substituting (1) and given Lemma 2 this can be written as

h∗1 =
[
1− qλ

(
1− F1

(
vM2
))]

vM2 + qλ
(
1− F1

(
vM2
))
· E1

[
v | v ≥ vM2

]
,(11)
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which is strictly larger than vM2 when λ > 0, and equals vM2 when λ = 0.

Part (4) We can see from (2) that E0 [v | v ≥ v∗1] = E1 [v | v ≥ v∗1]. Given part (1),

E1 [v | v ≥ v∗1] ≥ E1 [v | v ≥ v∗2]. Thus, E0 [v | v ≥ v∗1] ≥ E1 [v | v ≥ v∗2], with a

strict inequality for λ > 0.

Part (1) From the proof of part (3) and Lemma 2 we know that h∗1 > vM2 = h∗2 when

λ > 0, with equality when λ = 0. To see that the market value decreases in the

�rst period, write it as

h∗0 = (1− q + qF0(v∗1))h∗1 + q (1− F0(v∗1)) · E [p1(v) | v ≥ v∗1] ,

where E [p1(v) | v ≥ v∗1] = λ ·E0 [v | v ≥ v∗1] + (1− λ) ·E0

[
uNS

1 (v) | v ≥ v∗1
]
is the

average cash that is generated by a sale. Substituting (5) in E0

[
uNS

1 (v) | v ≥ v∗1
]

one obtains

E0

[
uNS

1 (v) | v ≥ v∗1
]

=
h∗1

1 + β
+

β

1 + β
·
{

(1− qλ) · vM2 + qλ · E0 [v | v ≥ v∗1]
}
.

It is easy to see, using (11), that when λ = 0 then E [p1(v) | v ≥ v∗1] = E0

[
uNS

1 (v) | v ≥ v∗1
]

=

h∗1. For λ > 0, compare the part between curly brackets in last equality to

(11) to see that E0

[
uNS

1 (v) | v ≥ v∗1
]
> h1 (v∗1, q). Since it is immediate that

E0 [v | v ≥ v∗1] > h∗1, then E [p1(v) | v ≥ v∗1] > h∗1, and so h∗0 > h∗1.

Note also that E [pt | v ≥ v∗1] > h0 � a proof to Lemma 4 (the proof for period 2

is immediate).

Part (2) Taking into account that h1 (v∗1, q) > vM2 (Part (1)), it is easy to see from 5

that uNS
1 (v) > vM2 = uNS

2 (v) if λ > 0. By construction (Equation (1)) this results

in p1(v) > p2(v).
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A.3 Proof of Proposition 2

Proof. De�ne h̆1(v1, λ) and h̆2(v1), the market values in period 1 and 2, respectively, as

a function of v1 only (that is, taking into account that v∗2 is also a function of v1. These

two functions also depend on q, but I assume throughout the proof that q is constant

so omit this variable.

1. I �rst pay attention to h̆2(v1). From the analysis in Section 4.1 and equation (3)

we can write h̆2(v1) ≡ vM (F1(v; v1, q), q), where F1 is calculated using (2).

2. De�ne v˜ as the v1 that satis�es v˜ = h̆2(v˜). v˜ has the following interpreta-

tion: if the threshold in period 1 is v˜, then the equilibrium threshold in pe-

riod 2 is also v˜, and the market value of a �rm that hasn't sold in both periods

is also v˜. To see that such a value exists and that v˜ ∈ (V , V ) observe that

limv1→V + F1(v; v1, q) = lim
v1→V

− F1(v; v1, q) = F0(v), and thus lim
v1→V

− h̆2(v1) =

limv1→V + h̆2(v1) = vM (F0, q).

3. h̆2(v1) attains a (global) minimum in v˜:
(a) Denote E2 [v] (v2; v1) the expected fundamental in the end of period 2 given

that the thresholds in both period where v1 and v2. From equation (3) we

can write h̆2(v1) = E2 [v]
(
h̆2(v1); v1

)
, and so v˜ = E2 [v]

(
v˜; v˜).

(b) Suppose the sale threshold in period 1 is lower, v1 = v′ < v˜, but v2 = v˜.
Comparing this case to the case where v1 = v2 = v˜, one can see that in the

latter case there are additional types with an o�er, [v′, v˜], who sell in the �rst

period. Since these types are lower than v˜, then the expected fundamental

of a �rm that hasn't sold in both periods is higher, that is E2 [v]
(
v˜; v′) >

v˜. This in turn, will result in a equilibrium threshold vM2 (v′) > v˜, and so

h̆2(v′) > v˜.
(c) Now compare the case where (v1, v2) = (ṽ, ṽ) to a case where the sale thresh-

old in period 1 is higher, v1 = v′′ > v˜ and v2 = v˜. In the former case �rms of
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type [v˜, v′′] sell if they have an o�er in any of the two periods, while in the

latter case they sell only in they have an o�er in period 2. Thus, in the lat-

ter case the type population who did not sell in both periods has additional

types that are higher than v˜, and so the expected fundamental of a �rm that

hasn't sold in both periods is higher than v˜. Thus, again, vM2 (v′′) > v˜ and

h̆2(v′′) > v˜.
Thus I conclude that h̆2(v1) is increasing if and only if v1 ≥ v˜, and that in this

region h̆2(v1) < v1.

4. dh̆2(v1)
dv1

< 1: This is easily observed from the fact that, if we increase the thresholds

in both periods by δ, then the expected fundamental in the end of the two periods

will increase by less than a δ, that is, E2 [v]
(
vM2 (v1) + δ; v1 + δ

)
< vM2 (v1)+δ then

vM2 (v1 + δ) < vM2 (v1) + δ: vM2 is increasing in less than δ.

5. I now pay attention to h̆1(v1, λ). First note that from (11) h̆1(v1, λ) > h̆2(v1) for

all v1 and λ. Thus, from (6) one can conclude that v∗1 > v˜, and so I focus on this

case in what follows.

6. De�ne the function H(v1, h2, λ) =
´ V
V
x1 (v, h2, λ) · f1 (v; v1) dv, where f1 (v; v1)

is calculated in (2) (I abuse notation and omit the variable q, who is constant in

this argument) and

x1 (v, h2, λ) = [1− q(1− λ)] v + q(1− λ) ·min {v, h2} (12)

x1 (v, ·) is the expected value to the owner, in the end of period 1, of an asset with

a fundamental value of v (it takes into account the possibility that the asset will

be sold in period 2 for a price below its fundamental value). Note that ∂x1
∂λ

> 0

i� h2 < v.

7. By de�nition, h̆1(v1, λ) = H(v1, h̆2(v1), λ). De�ne ṽ(λ) using the equality ṽ =

h̆1(ṽ, λ). One can see that ṽ ∈
(
V , V

)
exists from the fact that h̆1(v1, λ) is con-
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tinuous and lim
v1→V

− h̆2(v1) = limv1→V + h̆2(v1) = [1− q(1− λ)]E0 [v] + q(1− λ) ·

E0

[
min

{
v, vM (F0, q)

}]
∈
(
V , V

)
. De�ne h̃2 ≡ h̆2(ṽ), and note thatH(ṽ, h̃2, λ) =

ṽ.

8. dh̆1(v1)
dv1

|v∗1< 1: by step 7, dh̆1
dv1
|v∗1= ∂H

∂v1
|v1=v∗1 ,h2=h̆2(v∗1) + ∂H

∂h2
|v1=v∗1 ,h2=h̆2(v∗1) ·

dh̆2
∂v1
|v1=v∗1

.

(a) ∂H
∂h2
|v1=v∗1 ,h2=h̆2(v∗1) ·

dh̆2
∂v1
|v1=v∗1

< 1: note from equation 12 that ∂x1
∂h2

< 1. Thus

∂H
∂h2

< 1, and so, using step 4, ∂H
∂h2
· dh̆2
∂v1

< 1 for all v1 and h2.

(b) ∂H
∂v1
|v1=v∗1 ,h2=h̆2(v∗1)< 0: the functionH(v1, h2, λ) is simplyE1 [x1 (v, h2, λ)] (v1),

(again, I abuse notation and ignore the constant q) as de�ned in Section

3. It is easy to see that the minimum principle holds for the function

Et [g (v)] (vt, q) as long as g(v) is an increasing function, and this also applies

forH(v1, h2, λ).18 Thus ∂H
∂v1
|v1=ṽ,h2=h̃2

= 0. Now consider v1 = ṽ−δ where δ ∈

(0, ṽ − V ). From step 9(a) we know that the function H
(
v1, h̆2(ṽ − δ), λ

)
>

H
(
v1, h̃2, λ

)
− δ, and, speci�cally, minv1 H

(
v1, h̆2(ṽ − δ), λ

)
> ṽ− δ. Thus,

from the minimum principle, ∂H
∂v1
|v1=ṽ−δ,h2=h̆2(ṽ−δ)< 0.

Finally, I can prove the proposition:

Part (1) � Uniqueness of v∗1. Now de�ne G(v1, α, λ) ≡ αh̆1(v1, λ)+(1−α)h̆2(v1).

One can rewrite (6) as v∗1 = G
(
v∗1,

1
1+β(1−qλ)

, λ
)
. Steps 2, 5, and 7 assure existence of

v∗1 ∈ (v˜, ṽ). To show that v∗1 is unique it is su�cient to show that dh̆1(v1)
dv1

|v∗1< 1 and

dh̆2(v1)
dv1

|v∗1< 1, as this assures ∂G
∂v1
|v∗1< 1. This is proven in steps 4 and 8.

Part (2) �
∂v∗t
∂λ

> 0 for t ∈ {1, 2}. Since h2 > h1 (step 5), then G(v1, α, λ) is

increasing in α and h̆1(v1, λ) is increasing in λ. Thus, G
(
v1,

1
1+β(1−qλ)

, λ
)
is increasing

in λ and
∂v∗1
∂λ

> 0. Step 3 and the fact that v1 > v˜ entail ∂v∗2∂v1
|v1=v∗1

> 0, and thus
∂v∗2
∂λ

> 0.

18I refer the reader to the original proof in Acharya, DeMarzo and Kremer (2011), but the intuition
is that when the threshold is vMt such that vMt = Et [v]

(
vMt , q

)
, then increasing and decreasing the

threshold is similar to adding types that are above the average and removing types that are below the
average, respectively, thus increasing Et [v] (vt, q) in both cases. The same proof obviously holds for
any function where g(v) ≶ g(vMt ) for v ≶ vMt .
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A.4 Proof of Proposition 3

Proof.

Part (1) � Threshold Strategy. Assume an arbitrary strategy in period t,

Vt = {v | v sells in period t}, and denote by ht(Vt) the market value of a �rm that

does not sell in period t given this strategy (and, of course, the strategies in periods

t + 1, . . . , T ). A seller of type v′ sells if and only if pt (v′) ≥ uNS
t (v′) and, given the

e�ciency requirement and Equation (1), the condition becomes v′ ≥ uNS
1 (v′). The

expected payo� of the manager if she does not sell is

UNS
t (v′) = ht (Vt) + β

[
(1− q)UNS

t+1(v′) + qmax

{
UNS
t+1(v′),

T∑
τ=t+1

βτ−t−1pt+1(v′)

}]
,

and so the outside option uNS
t (v′) is calculated by

uNS
t (v′) =

1− β
1− βT−t+1

ht (Vt) +
β − βT−t+1

1− βT−t+1

[
(1− qλ) · uNS

t+1(v′) + qλmax
{
uNS
t+1(v′), v′

}]
.

Thus, if
∂uNS

t+1(v′)

∂v′
< 1 then

∂uNS
t (v′)
∂v′

< 1. We know that
∂uNS

T (v′)

∂v′
= 0 and so

∂uNS
t (v′)
∂v′

< 1

for all t. Thus,
∂uNS

t (v′)
∂v′

≤ ∂pt(v′)
∂v′

= (1 − λ)
∂uNS

t (v′)
∂v′

+ λ, and if type v′ prefers to sell so

does all types v > v′, and so the equilibrium strategy is a threshold in all periods.

From the two-period case (Proposition 1) it is known that the other parts of the

Proposition hold for periods T and T − 1. I prove for periods t ∈ {0, 1, ...T − 2} using

backward induction. I thus prove the Proposition for an arbitrary period t, while using

the fact that there is a threshold equilibrium with decreasing thresholds in periods

t + 1, ..., T , and refer to the sale thresholds as v∗t+1 > v∗t+2 > ... > v∗T . I �rst prove

several useful properties of a threshold equilibrium, which I later use in the proof.

Lemma 8. In a threshold equilibrium, for every period t: (1) if v∗t > v∗t+1 then v∗t <

ht(v
∗
t , q); (2) if v

∗
t < v∗t+1 then v∗t > ht(v

∗
t , q); (3) if v

∗
t = v∗t+1 then v∗t = ht(v

∗
t , q).

Proof. I prove only (1), as the proof to the other two parts is similar. Assume v∗t > v∗t+1.
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Then, type v∗t 's indi�erence condition can be written as

ht(v
∗
t , q) +

[
q · pt+1 (v∗t ) + (1− q)uNS

t+1 (v∗t )
]( T∑

τ=t+1

βτ−t

)
= v∗t + v∗t ·

(
T∑

τ=t+1

βτ−t

)
.

Type v∗t strictly prefers to sell in period t + 1 and so uNS
t+1 (v∗t ) < pt+1 (v∗t ) ≤ v∗t , and

therefore v∗t < ht(v
∗
t , q).

Lemma 9. In a threshold equilibrium with decreasing thresholds, The expected revenue

conditional on a sale in the next period, Et
[
pt+1(v) | v ≥ v∗t+1

]
, is decreasing with t.

Proof. Substituting (8) in (7) one obtains, for v ≥ v∗t+2,

uNS
t+1(v) = γt+1(λ) · v∗t+1 + [1− γt+1(λ)] · v,

where γt+1(λ) =
∑T
τ=t+1[β(1−qλ)]τ−t−1∑T

τ=t+1 β
τ−t−1

= 1−β
1−βT−t ·

1−[β(1−qλ)]T−t

1−β(1−qλ)
< 1. Note γt+1(λ) is

increasing in t, and since thresholds are decreasing, then for v ≥ v∗t+1 we obtain

uNS
t+1(v) > uNS

t+2(v) and thus Et
[
pt+1(v) | v ≥ v∗t+1

]
> Et

[
pt+2(v) | v ≥ v∗t+1

]
. Given

v∗t+1 > v∗t+2 then Et
[
pt+1(v) | v ≥ v∗t+1

]
> Et

[
pt+2(v) | v ≥ v∗t+2

]
. Finally, Ft+1 FOSD

Ft+2 (Section 3) and thus Et
[
pt+1(v) | v ≥ v∗t+1

]
> Et+1

[
pt+2(v) | v ≥ v∗t+2

]
.

I now prove the other parts of the Proposition.

Part (2) � Market values decreasing (and a proof of Lemma 4). The proof

of Proposition 1 includes the proof that h∗T−2 > h∗T−1 > h∗T when λ > 0. I prove for

a general period t assuming that h∗t+1 > h∗t+2 > · · · > h∗T . In a threshold equilibrium,

the market value of a �rm that hasn't sold until the end of period t is a martingale as

presented in Equation 9. Thus, h∗t+1 > h∗t+2 entails

Et+1

[
pt+2(v) | v ≥ v∗t+2

]
> h∗t+1 > h∗t+2.

Using Lemma 9 we get h∗t+1 < Et
[
pt+1(v) | v ≥ v∗t+1

]
� note this result is Lemma 4 �

and from (9) we get h∗t > h∗t+1. (Of course, when λ = 0 a similar argument, together
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with the result that h∗T−1 = h∗T from Proposition 1, leads to constant market values

h∗t = h∗t+1.)

Part (3) � Thresholds are decreasing. Assume, in contrast, that v∗t ≤ v∗t+1.

Then Lemma 8 entails v∗t ≥ ht(v
∗
t , q). However, Lemma 8 and v∗t+1 > v∗t+2 entails

v∗t+1 < ht+1(v∗t+1, q) and thus ht+1(v∗t+1, q) > ht(v
∗
t , q) � a contradiction to Part (2).

Part (4). Using the posterior at (2), we can see that Et [v | v ≥ v∗t ] = Et+1 [v | v ≥ v∗t ].

Since thresholds are decreasing (part (3)), Et+1

[
v | v ≥ v∗t+1

]
< Et+1 [v | v ≥ v∗t ]. Thus,

Et+1

[
v | v ≥ v∗t+1

]
< Et [v | v ≥ v∗t ].
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