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Abstract

This paper develops a model of �rm value and capital structure with endoge-

nous default and endogenous liquidation value. I use this to investigate the inter-

relationship of capital structure choices among �rms. Debt overhang limits the

amount a �rm can raise to acquire a bankrupt competitor. Ex-ante, this increases

the competitor�s cost of debt. However, if it is anticipated that a �rm will make

acquisitions in a downturn, this serves to bu¤er its debt against default and lower

the �rm�s cost of debt. The result is an industry equilibrium with heterogeneity

in the leverage of �rms. It also leads to a non-monotonic relationship between an

entrant�s choice of leverage and that of incumbents.

The question of optimal capital structure has been one of the most popular topics in

corporate �nance, and has been the subject of a tremendous number of theoretical and

empirical studies. Traditionally, research had focused on factors inherent in a �rm�s

industry, such as technology, operating leverage, volatility of demand, and asymmetric

information between management and outsider investors. Empirical tests of these fac-

tors left much unexplained. MacKay and Phillips (2005) �nd that industry �xed e¤ects

explain only 13 percent of variation in �rm leverage, while �rm �xed e¤ects explain

54 percent. Several industry equilibrium models of capital structure have been devel-

oped that predict heterogeneity in the leverage choices of �rms. These models have

been motivated by considerations of oligopoly (Maksimovic (1988)), operating leverage

(Maksimovic and Zechner (1991)), growth rate (Maksimovic et al (1999)), agency cost
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(Williams (1995)), and demand elasticity and incumbent/entrant status (Fries, Miller

and Perraudin (1997)).

Another aspect of industry equilibrium is taken up in Shleifer and Vishny (1992).

Suppose a �rm defaults on its debt, and creditors seek to liquidate its assets. If the

assets are suited to a particular purpose, the only users that put a high value on them

are other �rms in the industry. However, if these �rms are also in �nancial distress, debt

overhang will prevent them from paying the full intrinsic value of the assets. The costs

of bankruptcy will be higher if other �rms in the industry are �nancially constrained.

Ex-ante, a �rm may choose a level of debt that is otherwise lower-than-optimal, just to

avoid the costly situation of liquidating when others in the industry are also in distress.

This presents an interaction e¤ect among the capital structures of �rms in an industry;

a �rm responds to the higher leverage of others by decreasing its own leverage. Shleifer

and Vishny stop short of a full equilibrium model, though. Their model consists of two

�rms, one of which is known ex-ante to be hit harder by an industry downturn than

the other. Thus, one �rm plans for the contingency of liquidating, and the other for

acquiring. The result is heterogeneity in leverage choice, but the equilibrium choices of

the �rms depend upon their status in the downturn.

My paper develops a model of equilibrium based on the bankruptcy costs proposed

by Shleifer and Vishny, but uses �rms that are ex-ante identical, and endogenizes the

order in which they default. In choosing leverage, a �rm is also choosing whether it will

default early in a downturn, positioning itself to be acquired, or later in a downturn,

positioning itself as a potential acquirer. In the �rst case, the �rm�s cost of debt

depends on the value creditors can recover in default, which is decreasing in the leverage

of industry peers. In the second case, the �rm�s cost of debt depends on whether the

�rm makes acquisitions. An acquisition will increase equity�s stake in the �rm, acting

as a bu¤er against the acquirer�s default. The likelihood of making an acquisition is

increasing in the leverage of industry peers, which lowers the cost of the �rm�s debt.

The resulting equilibrium consists of �rms that are highly levered and quick to default,

and others that are well capitalized and in a position to make acquisitions in times of

adversity. This explains how heterogeneity in leverage can arise from considerations of

bankruptcy cost.

The model also makes some interesting predictions for the relationship between the

leverage of incumbents and entrants. The relationship turns out to be non-monotonic.

If the incumbent is well capitalized, the entrant chooses higher leverage, and positions

itself to be acquired. In this case, the leverages are negatively related, as Shleifer and
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Vishny would predict. If the incumbent is �nancially distressed, the entrant chooses

lower leverage, assuming the position of acquirer. Contrary to Shleifer and Vishny, in

this case the leverages are positively related. The more indebted the incumbent, the

sooner it will default, and the more likely the entrant is to make an acquisition. This

lowers the cost of the acquirer�s debt, increasing its optimal leverage. It is logical that

any investment �nanced partly with equity will act as a bu¤er against default. Most

investments, however, occur when conditions in the industry are favorable. In this

case, the bu¤ering e¤ect is of little value, since bankruptcy is remote anyway. When

acquiring a bankrupt competitor, the investment occurs when industry conditions are

depressed. In this case, the bu¤ering e¤ect is valuable because the acquirer is near

default itself. The strategy of the entrant is also in�uenced by industry factors, such

as volatility, technological and operational uniformity across �rms, and the ability of

outsiders to run the �rms (or employ their assets) e¢ ciently.

My model is based on Leland�s (1994) model of optimal capital structure with en-

dogenous default. Leland has a �rm choose its debt level by weighing the bene�ts of

tax advantages against the costs of default and liquidation. The higher these costs,

the less debt a �rm will use. This model can also be used to �nd the amount a �rm�s

equity holder�s would be willing to bid to acquire another �rm, given the acquirer�s level

of debt. The result is debt overhang: the higher the acquirer�s leverage, the less it will

bid. This bid translates into the liquidation value a �rm in default can expect to receive

from its industry peers (I use the term "liquidate" to refer to any selling of the �rm, not

only in piecemeal fashion). Ex-ante, this liquidation cost feeds back into Leland�s model

of optimal capital structure, relating the leverage of one �rm to the leverage choice of

another. This step yields some intermediate results regarding debt overhang. The bid

for acquisition can be computed under alternative assumptions of how the acquisition

is �nanced (equity only, new senior debt, debt secured by the acquired assets, etc). In

line with the �ndings of Stulz and Johnson (1985), the ability to issue debt secured by

the acquired assets signi�cantly attenuates the e¤ect of debt overhang. In the presence

of taxes, it also allows the acquirer to optimize its capital structure with respect to the

post-acquisition level of cash �ow. For both reasons, issuing secured debt results in

higher bids. Surprisingly, the model also reveals that under certain assumptions, the

larger the liquidating �rm, the closer the bid will be to the �rm�s intrinsic value.

Leland�s endogenous default model has inspired many extensions, covering short-term

debt (Leland and Toft (1996)), agency cost (Mauer and Ott (2000)), debt renegotiation

(Christensen (2000)), bankruptcy procedures (Francois and Morellec (2002), asset sub-
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stitution (Morellec (2001)), macroeconomic conditions (Hackbarth et al (2006)), and

more. Liquidation value enters into all these models, but it is always treated exoge-

nously. My paper contributes to this line of research by endogenizing it in a way that

is consistent with these models. It also contributes to Shleifer and Vishny�s work by

exploring their concepts in continuous time, allowing us to observe the e¤ects of insider

debt overhang on the yield spread, debt value, equity value, and �rm value. Also, while

the use of debt is motivated by the need to constrain overinvestment in their model,

debt is used for tax advantages in mine. Finally, their model makes the counterfactual

assumption that �rms in default automatically liquidate. I develop a model where debt

holders can wait for industry conditions to improve in order to liquidate at a higher

price. This has a major e¤ect on the results.

Several empirical studies have tested Shleifer and Vishny�s hypothesis that �nancial

distress in the industry reduces liquidation value. The �ndings strongly support this

hypothesis. Pulvino (1998) �nds that commercial aircraft are sold well below intrinsic

value in times of industry distress. Asquith, Gertner and Scharfstein (1994) �nd that

�rms are less likely to sell assets to avoid bankruptcy when the industry is distressed.

Sibilkov (2006) �nds that leverage of industry peers is positively related to asset liquidity.

In a study of U.S. bankruptcies from 1982 to 1999, Acharya, Bharath and Srinivasan

(2005) conclude that creditors recover less if the industry is distressed, after controlling

for the lower economic value of the �rm�s assets. They also �nd that the e¤ects of

industry distress are greater when assets are less re-deployable, there are fewer �rms

in the industry, and the remaining �rms are cash constrained. These �ndings provide

motivation for a model in which �rms�leverage choices are inter-related by considerations

of bankruptcy cost.

Section I presents Leland�s model of a �rm�s optimal capital structure with exoge-

nous liquidation value. It then shows how the model can be used to obtain the bid to

acquire a liquidating �rm, subject to debt overhang. Section II connects the bid to the

liquidation value of the �rm, thereby endogenizing liquidation value. A model of indus-

try equilibrium is developed under the simplifying assumption that �rms automatically

liquidate upon default. Empirical studies �nd that this assumption does not hold in

reality. For instance, Acharya et al �nd that bankrupt �rms in distressed industries are

very unlikely to liquidate or be acquired. Maksimovic and Phillips (1998) use plant-

level data to �nd that industry conditions are important to the asset sales and closure

conditions of bankrupt �rms. To capture this feature, Section III extends the model by

giving debt holders the option to liquidate following default. Section IV concludes.
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I. Capital Structure and Bids

A. A model of the �rm

We start by laying out the model developed by Leland in a way that �ts the needs of

this study. Firm i has a production �ow of one unit of output, yielding a pre-tax cash

�ow Pt that evolves according to

dPt=Pt = �dt+ �dWt (1)

where W is a standard Brownian motion, and � and � are constant.

The �rm is �nanced with equity and a single class of perpetual debt. The advantage

of using debt is that the interest payments are tax deductible. The disadvantage, as

we will see, is that debt increases the risk of costly bankruptcy. Firm i�s debt holders

receive a constant coupon payment Ci (this is the combined payment to all debt holders).

Equity holders receive the residual cash �ow, after debt and tax payments. If the �rm

were unlevered, all cash �ow would be taxed at rate �, leaving (1 � �)Pt for equity
holders. In the levered case, tax is levied on earnings net of debt payments, leaving

(1� �)(Pt �Ci) for equity holders. If Pt falls below Ci, equity holders must contribute
capital to make up the di¤erence. If cash �ow reaches a low enough level, equity holders

will choose to let the �rm default rather than contribute any more capital. This default

trigger is increasing in the level of debt. Denote it P �(Ci). If the �rm defaults, control

passes to debt holders, who liquidate the �rm. Assuming priority of claims is fully

respected, debt holders receive the full liquidation value, and equity receives nothing.

Debt level Ci is chosen to maximize �rm value when the �rm is established, and

cannot be altered later. If Pt subsequently rises, it would be optimal to issue more debt

to take advantage of tax bene�ts. If Pt falls, debt should be reduced to avoid default.

Leland demonstrates that although these adjustments maximize �rm value, debt holders

will reject the former while equity holders will reject the latter. Any issuance of debt

decreases the value of debt. Any incremental buyback of debt reduces the value of

equity (though a large buyback may increase equity value). It may bene�t both parties

to negotiate for lower debt payments if the �rm is near default, but it is assumed the

holdout problem (Bolton and Scharfstein (1994)) prevents this (at the end of Section II

we consider the implications of relaxing some of these restrictions). Thus, the goal of a

�rm entering the industry at time t is to choose the optimal Ci relative to Pt.

For ease of notation, Pt and P will be used interchangeably. Let r be the constant
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risk-free rate, rP the required rate of return on an asset that pays P , and � = rP � �.
Equity value, E(P;Ci), is determined by

0 =
1

2
�2P 2EPP + (r � �)PEP � rE + (1� �)(P � Ci) (2)

and the boundary conditions

lim
P!1

E(P;Ci) = (1� �)
�
P

�
� Ci
r

�
(3a)

E(P �i ; Ci) = 0 (3b)

EP (P
�
i ; Ci) = 0 (3c)

The �rst condition follows since the present value of the option to default goes to zero

as P increases, in which case equity is worth the present discounted value of future

cash �ow. The second and third are the value-matching and smooth-pasting conditions

associated with equity�s option to default. The general solution to (2) is

E(P;Ci) = (1� �)
�
P

�
� Ci
r

�
+ a1P

� + a2P
��

where � and � are, respectively, the positive root and the absolute value of the negative

root, of �2�(��1)=2+(r��)��r = 0. Condition (3a) implies that a1 = 0. Conditions
(3b) and (3c) determine a2 = P

��+1
i (1� �)=(��) with default trigger

P �i (Ci) = KCi (4)

where K = ��=(r(� + 1)) > 0. Then

E(P;Ci) = (1� �)
"
P

�
� Ci
r
+
P ��+1i

��
P��

#
(5)

Note that P �i (Ci) is increasing in Ci. The higher the coupon payment, the sooner equity

holders will default. Equity value is decreasing and concave in Ci, and increasing and

convex in P . The �rst two terms in the brackets make up the present value of cash

�ow to equity in the absence of default. The third term is the value of the option to

default. An important property of the default option is that its value is increasing in

Ci and decreasing in P . In other words, the default option is more valuable the more

highly levered the �rm.

Now consider debt value, D(P;Ci). Debt holders receive coupon payment Ci until
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the �rm defaults at P �i , at which time they receive liquidation value L(P
�
i ). Debt value

is determined by

0 =
1

2
�2P 2DPP + (r � �)PDP � rD + Ci (6)

and the boundary conditions

lim
P!1

D(P;Ci) = Ci=r (7a)

D(P �i ; Ci) = L(P �i ) (7b)

The general solution to (6) isD(P;Ci) = Ci=r+b1P�+b2P��. The boundary conditions

determine b1 = 0 and b2 = (Li(P �i )� Ci=r)P
��
i , yielding

D(P;Ci) =
Ci
r
+

�
L(P �i )�

Ci
r

��
P �i
P

��
(8)

The �rst term on the right-hand side is the value of default-free debt. The rest subtracts

from this the present value of loss in default. Debt value is increasing and concave in

P , since the probability of default is decreasing in P . Note that debt value depends on

liquidation value, while equity value does not. This is a direct result of the assumption

of absolute priority of claims in bankruptcy.

Firm value V (P;Ci) equals the sum of equity and debt: V (P;Ci) = E(P;Ci) +

D(P;Ci). Leland analyzes the capital structure that maximizes �rm value in the case

where liquidation value is a fraction � of unlevered �rm value: L(P ) = �(1 � �)P=�.
The coupon payment that maximizes �rm value at time t is

CMax
i (Pt) = argmax

Ci
V (P;Ci) =

Pt
K

�
�

� + �(�(� � 1) + 1)

�1=�
(9)

The optimal coupon payment balances the bene�t of tax deduction against the higher

probability of bankruptcy. Note that CMax
i (P ) is increasing in P . When P is higher,

the probability of bankruptcy for any given coupon payment is more remote. CMax
i (P )

is increasing in the tax rate �, which is expected, since the motivation for debt is the

tax bene�t. CMax
i (P ) is increasing in the parameter for liquidation value, �. As

the cost of bankruptcy decreases, there is less to be lost by the higher probability of

bankruptcy associated with higher coupon payments. And, as other theories suggest,

optimal debt is decreasing in the volatility of cash �ow, �. From CMax
i (P ), optimal

leverage is D(P;CMax
i )=V (P;CMax

i ).
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B. Bidding for acquisitions

Imagine an industry that includes a number of �rms like the one described above. We

have seen that a �rm�s default trigger is positively related to its level of debt. In a

downturn, a �rm with more debt will default �rst. How much will another �rm bid

to acquire it? Consider a �rm that earns a pre-tax cash �ow of Pt, and is considering

acquiring a bankrupt competitor that has cash �ow Pt. The constant  could represent

the di¤erence in the size of the �rms. Alternatively, the competitor could have cash �ow

Pt, but the acquirer may only be able to extract  < 1 through lack of familiarity with

operations. The merged �rm will have cash �ow (1 + )Pt. Applying the procedure

laid out in (2)-(5) gives the equity value of the merged �rm

Em(P;Ci) = (1� �)
"
(1 + )P

�
� Ci
r
+
(1 + )P ��+1mi

��
P��

#
(10)

where the default trigger for the merged �rm is

P �mi = KCi=(1 + ) (11)

All-equity �nance

Suppose this acquisition can be �nanced only through equity, not the issuance of

new debt. This would be the case if lenders could not verify the value of the asset being

acquired, or if the covenant on the original debt forbade issuing any more. We will relax

this constraint shortly. Assume also that the liquidator has all the bargaining power.

Then the �rm bids the entire increase in equity value:

Bid(P;Ci) = Em(P;Ci)� E(P;Ci) = (1� �)
"
P

�
+
(1 + )P ��+1mi � P ��+1i

��
P��

#
(12)

This reveals some important properties of the bid. First, the bid is decreasing in

the acquirer�s indebtedness:

@Bid
@Ci

=
1� �
r
(P ��mi � P

��
i )P

�� < 0 (13)

which follows since P �mi < P �i . To understand this, note from (2) and (10) that ac-

quisition has two e¤ects on equity: it increases cash �ow, but in doing so, decreases

the value of equity�s option to default. With the default trigger reduced from P �i to
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P �mi, the option is farther from exercise, and is worth less. In (12), the �rst term in

brackets, P=�, is the present value of the increase in cash �ow. The second term is the

decrease in the value of the option to default. @Bid=@Ci measures the e¤ect of Ci on the

decrease in default option value, which is greater when the �rm has more debt. In other

words, the more highly levered the �rm is before acquisition, the more valuable is the

option to default, and the more it declines through an increase in cash �ow. Thus, less

acquisition value accrues to equity holders, and the lower their bid. Correspondingly,

when the �rm is more highly levered, more of the gain from acquisition goes to debt

holders. Acquisition moves the �rm farther from default, thereby increasing the value

of debt. This is equivalent to debt overhang as characterized by Myers (1977).

Second, the bid is increasing and convex in acquisition value:

@2Bid
@2

=
1� �
r

�C

(1 + )2
P ��miP

�� > 0 (14)

When a merger causes the cash �ow of the acquirer to increase, at �rst a large share of

the gain goes to debt holders. The larger the increase, the more secure is the debt, and

each incremental increase in cash �ow accrues less to debt holders and more to equity

holders. Thus, the larger the acquisition, the more equity holders will bid per dollar of

cash �ow being acquired.

Debt and equity �nance

Generally, acquisitions are �nanced with both equity and new secured debt. Assume

the new debt, like the original debt, is also a perpetuity, with coupon payment Cni. New

debt could either have the same standing as the original debt, receiving a proportional

share of the liquidation value of all �rm assets in default, or it could be secured by the

newly acquired assets, while the original debt is secured by the original assets. We will

make the latter assumption. This is the case when debt is secured by speci�c assets, or

when the acquired �rm is set up as a separate operating subsidiary with its own debt.

Again applying (2)-(5), the post-acquisition value of equity is

Em(P;Ci; Cni) = (1� �)
"
(1 + )P

�
� Ci + Cni

r
+
(1 + )P ��+1mi

��
P��

#
(15)

where

P �mi = K(Ci + Cni)=(1 + ) (16)
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(8) gives the value of new secured debt:

Dn(P;Ci; Cni) =
Cni
r
+

�
Ln(P

�
mi)�

Cni
r

��
P �mi
P

��
(17)

where Ln(P �mi) is the liquidation value of the assets securing the new debt (the assets

of the acquired �rm). Again assuming the liquidator has all the bargaining power, the

acquirer bids

Bid(P;Ci) = max
Cni
fEm(P;Ci; Cni)� E(P;Ci) +Dn(P;Ci; Cni)g (18)

There is no closed-form solution to this bid, but the Envelope Theorem con�rms that

this bid shares properties (13) and (14). It was already stated that a �rm�s original

debt holders would not agree to an increase in debt. This provided the rationale for

assuming Ci is �xed. As we will see in Section II, debt issued to fund acquisition will

not meet objection from original debt holders, as the increase is cash �ow raises debt

value.

Figure 1 plots all-equity and debt-and-equity bids as a function of the acquirer�s

leverage. Assume the parameters P = 10,  = 1, � = :5, � = :35, r = :05, � = :05, and

� = :15. Unless noted, these parameter values will be used in all examples throughout

the paper. Ci is adjusted so that the �rm has a given leverage, D(P;Ci)=V (P;Ci). Then

for that value of Ci, Bid(P;Ci) is computed for all-equity and debt and equity �nancing.

Consistent with debt overhang, both bids are decreasing in �rm leverage. However,

removing the restriction on issuing new debt increases the bid for two reasons. First, as

demonstrated by Stulz and Johnson, funding an investment with secured debt attenuates

the e¤ect of debt overhang by passing more of the gain from investment to equity holders

and less to the original debt holders. While payments on the new debt decrease cash

�ow to equity, the e¤ect is partially o¤set because the new debt reduces the loss in value

of equity�s option to default that occurs from acquisition. Comparing (16) with (11),

one can see that the post-acquisition default trigger is higher when new debt is issued,

and hence the option to default retains more value. Second, in the presence of taxes,

new debt allows the �rm to re-optimize its leverage with respect to post-merger cash

�ow. Note that as leverage approaches zero, the all-equity bid approaches 130. This

is just the unlevered, after-tax value of the acquired cash �ow, (1 � �)P=d. When

new debt can be issued, the bid can exceed this amount, since it allows the �rm to take
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advantage of the tax bene�ts of debt.1

An all-debt bid is also graphed. The bid equals the value of new debt secured by

the acquired assets:

Bid(P;Ci) = max
Cni

Dn(P;Ci; Cni)

subject to Em(P;Ci; Cni) � E(P;Ci). In other words, this is the amount of new debt

issued subject to the constraint that the acquisition not reduce the value of equity

(otherwise equity holders would not make the bid). As leverage decreases and debt

overhang goes away, this bid does not reach the same limit as in the all-equity case,

because the new debt provides tax bene�ts for the additional income. At higher leverage,

the bid is greatly reduced by debt overhang. The combined debt payments bring the

�rm close to default, rapidly cutting into debt value.

II. Automatic Liquidation in Default

Now we interpret the bid as the liquidation value of the bankrupt �rm, and relate this to

optimal capital structure. The model developed in this section rests on the assumption

that when equity holders default, debt holders liquidate immediately, regardless of the

value they obtain. This assumption is relaxed in Section III.

A. Liquidation value

The model developed here is based on the world described by Shleifer and Vishny. A

liquidating �rm can be acquired either by industry insiders or by outsiders, often referred

to as "deep pockets." Outsiders will not be willing to pay full value, either because they

are unable to run the business properly, or because asymmetric information prevents

them from properly appraising the �rm. Insiders are typically willing to pay more,

1Recall that one premise of the model is that, once chosen, the �rm cannot adjust its level of debt.
By allowing new debt issue during acquisition, we have made an exception to this rule. This introduces
into the model the possibly undesirable feature that, through making an acquisition, the acquirer not
only re-optimizes debt level with respect to the new cash �ow, but has the chance to re-optimize with
respect to existing cash �ow. However, this feature of the model is not as arbitrary as it sounds.
Leland and others argue that one or more classes of claimants will resist adjustments to the capital
structure. Acquisitions and other investments that allow for the issuance of new debt may be unique
opportunites to break this deadlock. Even with new debt issuance, existing debt holders are made
better o¤. In any event, acquisition does not o¤er such an opportunity in the context of this model.
Liquidation (and acquisition) only occur when Pt is low; in this case, the acquirer could only increase
its pre-acquisition value by reducing debt, while making the acquisition will only increase debt.
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P Rate of cash �ow from operation
D Debt value
Ci Coupon payment on debt
Dn Value of debt secured by acquired assets
Cni Coupon payment on debt secured by acquired assets
E Equity value (pre-acquisition)
Em Equity value (post-acquisition)
V Firm value
VL Value of �rm as liquidator
VA Value of �rm as acquirer
VS Value of �rm if default is simultaneous
P �i Default trigger of Firm i
P �mi Default trigger of merged �rm when Firm i was the acquirer
Bidi;Out Outsider�s bid on Firm i
Bidi;In Insider�s bid on Firm i
� Tax rate
 Percent of cash �ow acquirer extracts from acquired �rm
� Percent of intrinsic unlevered value bid by outsider
L(P ) Liquidation value

Table 1: Notation

since they can extract more value from the acquired assets. This model is governed by

a few assumptions:

A1 Outsiders bid a constant fraction � 2 (0; 1) of the unlevered value of the liquidating
�rm�s cash �ow.

A2 If the liquidating �rm is acquired by an insider, the acquirer receives a fraction

� <  � 1 of the cash �ow of the liquidating �rm.

A3 Liquidation occurs immediately upon default.

A4 The debt holders of the liquidating �rm hold all the bargaining power. They receive
the maximum the insider or outsider is willing to pay, whichever is greater.

A5 The acquirer can fund the acquisition by issuing both equity and debt secured by
the acquired �rm.

A1 formalizes Shleifer and Vishny�s hypothesis that outsiders will not bid full value

for the �rm. The result is that the outsider bid is

BidOut(P ) = �(1� �)
P

�
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A2 allows for the possibility that industry insiders may also not be able to fully capture

the cash �ow of the acquired �rm, either because of unfamiliarity with the operations

or decreasing returns to scale. Alternatively, they may su¤er asymmetric information in

valuing the �rm. Assuming  > � implies that these problems are less severe for the

insider than the outsider. One could imagine  > 1 if the merger increased the acquirer�s

market power. We will ignore this issue here. A3 is used to establish base-case results

here, and is relaxed in Section III. A4 is made for simplicity; it may be reasonable

if liquidation is subject to approval by numerous debt holders, who present a holdout

problem to the acquirer. A5 puts no restrictions on acquisition �nance, representing an

upper bound on insider bids. Implications of changing A4 and A5 are discussed at the

end of the section.

Consider an industry with two �rms, Firm 1 and Firm 2. The �rms each produce

a single unit �ow of a commodity, each earning Pt. Suppose C1 > C2, so from (4),

P �1 > P
�
2 . This means that Firm 1 will default before Firm 2, and Firm 2 can bid to

acquire it. When cash �ow falls to P �1 , Firm 1 defaults and is liquidated. It is bid on

by Firm 2 (the insider) and by outsiders. The insider bid can be modeled as in (18), so

that Firm 2�s bid for Firm 1 is

Bid1;In(P �1 ; C2) = max
Cni
fEm(P �1 ; C2; Cn2)� E(P �1 ; C2) +Dn(P

�
1 ; C2; Cn1)g

Note the argument P equals P �1 at the time Firm 1 defaults and liquidates. Firm 2�s

post-merger equity value is given by (15):

Em(P;C2; Cn2) = (1� �)
"
(1 + )P

�
� C2 + Cn2

r
+
(1 + )P ��+1m2

��
P��

#

where P �m2 = K(C2 + Cn2)=(1 + ). New debt value is given by (17):

Dn(P;C2; Cn2) =
Cn2
r
+

�
Bid1;Out(P �m2)�

Cn2
r

��
P �m2
P

��
After the merger, Firm 2 is the only �rm left in the industry. Thus, when the merged

�rm defaults, its assets will be acquired by an outsider. Bid1;Out is what holders of the

debt secured by Firm 1�s assets receive upon default of the merged �rm.

If Firm 2�s indebtedness is great enough, outsiders will win the bid. From (13), we

know this occurs when C2 is high. The insider bid depends on the value of P at the

time of the acquisition, P �1 , which in turn is a function of C1. De�ne C2(C1) as the
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value of C2 such that if C2 > C2(C1), then Bid1;Out(P �1 ) >Bid1;In(P
�
1 ; C2). C2(C1) can

only be solved numerically. The liquidation value of Firm 1 is

L(P �1 ; C2) = Bid1;In(P �1 ; C2) if C2 � C2(C1)
= Bid1;Out(P �1 ) otherwise

Plugging L(P �1 ; C2) into (8) yields Firm 1 debt value before default, D(P;C1; C2), where

the coupon payment of the other inside �rm (C2) is added as an argument to re�ect its

e¤ect on liquidation value. In this way, the indebtedness of insiders a¤ects the cost of

debt for other �rms in the industry.

To observe this e¤ect, let the industry be governed by the parameters from the previ-

ous example, and set  = :8. With these values, either �rm would default immediately

(P �i = 10) if its coupon payment exceeds 16. For any coupon payment lower than that,

the yield spread on Firm 1�s debt equals C1=D(P;C1; C2)� r.2 Figure 2 plots the yield
spread as a function of C1. Of course, as C1 approaches 16, the probability of default

increases, driving up the yield spread. The spread is also a¤ected by C2. If Firm 2

has higher leverage, Bid1;In(P �1 ; C2) is diminished, and the liquidation value of Firm 1 is

lower.3

B. Firm value

The prospects of defaulting and liquidating, or acquiring, a¤ect �rm value and capital

structure choices ex-ante. A �rm knows at the time that it chooses its capital structure

whether it will default before or after some other inside �rm. Consider again the two

�rm industry. Suppose Firm 2 has debt level C2. Firm 1 knows that Firm 2 will default

at P �2 = KC2. Firm 1 knows that in choosing C1, it is also choosing its own default

trigger, P �1 = KC1. If C1 = C2, then P �1 = P �2 , and both �rms default at the same

time. If C1 is any lower, Firm 2 will default �rst, and be acquired either by Firm 1

or an outsider. If C1 is any higher, Firm 1 will default �rst, and be acquired by Firm

2 or an outsider. The �rm also knows the bids it will receive when it liquidates, and

2Here it is assumed for simplicity that Firm 1 cannot acquire Firm 2 if Firm 2 defaults, but Firm 2
can bid on Firm 1. This could arise if Firm 1 is a privately held �rm with limited access to funds with
which to make acquisitions. The more general case is the subject of the rest of this section.

3Figure 2 reveals that the yield spread is independent of C2 at lower levels of C1. This re�ects
regions of C1 where the outsider wins the bid. Recall from (14) that the insider bid per dollar of
acquired cash �ow is smaller when the amount of acquired cash �ow is small. If C1 is low, then P �1 is
low, and the cash �ow of Firm 1 at default is small. Although the outsider wins the bid when C1 is
low, the yield spread is low because the event of default is remote.
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by whom it will be acquired. For instance, if Firm 1 will default before Firm 2, and

if C2 � C2(C1), then Firm 1 knows that Bid1;In(P �1 ; C2) >Bid1;Out(P
�
1 ), and it will be

acquired by Firm 2.

This leaves several possible outcomes to keep track of. A simple observation will

make the analysis easier: over a broad range of reasonable parameter values, the outsider

never actually wins the bid, unless both �rms default at the same time, or one of the

insiders has already defaulted and there is no insider left to make acquisitions. Numerical

solutions indicate that for reasonable parameter values the region over which the outsider

wins the bid for Firm 2 has no intersection with the region over which Firm 2 defaults

�rst. This means that when Firm 2 defaults, Firm 1 will win the bid. Likewise, when

Firm 1 defaults, Firm 2 will win the bid. The analysis proceeds using only parameter

values for which this holds, and assumes the �rst �rm to default is acquired by the

remaining insider.

Now the formula for �rm value depends only on the order of default, with three

possibilities: the �rm defaults �rst (and is acquired by the insider), the �rms default

simultaneously (and are both acquired by outsiders), or the �rm defaults second (and is

the acquirer). These future events a¤ect both the default trigger, and the payout debt

holders receive upon default. The value of debt in each case can be found by applying

the appropriate default trigger and liquidation value to (8). Firm 1 debt value is

DL(P;C1; C2) =
C1
r
+

�
Bid1;In(P �1 ; C2)�

C1
r

��
P �1
P

��
for P �1 > P

�
2 (19a)

DS(P;C1; C2) =
C1
r
+

�
Bid1;Out(P �1 )�

C1
r

��
P �1
P

��
for P �1 = P

�
2 (19b)

DA(P;C1; C2) =
C1
r
+

�
Bid1;Out(P �m1)�

C1
r

��
P �m1
P

��
for P �1 < P

�
2 (19c)

DL applies to the case where Firm 1 defaults �rst (and is the liquidator). Firm 1 debt

holders receive Bid1;In(P �1 ; C2) in default. The lower C2 is, the higher the bid, and the

higher the value of Firm 1 debt before default. DS applies where the �rms default

simultaneously and are each acquired by outsiders. Upon default, Firm 1 receives

Bid1;Out(P �1 ). DA applies where Firm 2 defaults �rst, and Firm 1 acquires it. From

(16), the resulting merged �rm will have default trigger P �m1 = K(C1+Cn1)=(1+). In

this case, Firm 1 debt holders know from the beginning that Firm 1 will default at P �m1.
4

4Each �rm also knows how much new debt, Csi, will be issued for the aquisition.
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After Firm 2 has been acquired, there are no other insiders left, so an outsider acquires

the merged �rm when it defaults. Firm 1�s original debt holders are only secured by

the original cash �ow of Firm 1, and thus receive Bid1;Out(P �m1).

ComparingDL andDA, one can see how playing the acquirer can bene�t debt holders.

If P �m1 < P
�
1 , the second term on the right-hand side, measuring bankruptcy cost, is lower.

From (4) and (16), this will be true if Cn1 < C1. Numerical solutions reveal that this

is true when Cn1 is chosen according to (18) over the range of reasonable parameter

values. In making the acquisition, equity holders increase their cash �ow. This delays

their decision to default, o¤ering protection for debt holders.

Though debt value depends on the order of default, equity value does not. The pre-

merger equity value of Firm 1, E(P;C1), is given by (5) regardless of liquidation value or

the order of default. We have assumed that the liquidating �rm has all the bargaining

power, and that equity holders bid the full amount by which acquisition increases equity

value. Thus, while Firm 1 equity value increases from E(P;C1) to Em1(P;C1), this

amount is bid for the acquisition, leaving the ex-ante value of equity unchanged.

Using the relevant formula for debt value, Firm 1 value equals V (P;C1; C2) =

E(P;C1)+D(P;C1; C2). Corresponding to the notation for debt value, let VL(P;C1; C2)

denote Firm 1 value when it is the liquidator, VS(P;C1; C2) when default is simultane-

ous, and VA(P;C1; C2) when Firm 1 is the acquirer. These formulas apply to Firm 2

as well; when denoting Firm 2, the subscripts on the arguments will be switched. For

instance, VL(P;C2; C1) denotes Firm 2 value when it defaults �rst.

The optimal choice of C1 can be thought of as a response function to C2. Let C2 = 5

and again suppose  = :8. The �rst plot in Figure 3 graphs VL(P;C1; C2), VS(P;C1; C2),

and VA(P;C1; C2) as functions of C1. If C1 = 5, default is simultaneous and Firm 1 value

is given by VS. For C1 > 5, Firm 1 value is VL. For C1 < 5, Firm 2 defaults �rst and VA
applies. Thus, maximizing Firm 1 value is a matter of maximizing VL, VS, and VA over

the permissible range of C1, and then choosing the maximum of the three. As might be

expected, VL is �rst increasing, and then decreasing in C1. For low levels of debt, the

possibility of bankruptcy is remote, and the tax advantages of debt outweigh expected

bankruptcy costs. At higher levels of debt, bankruptcy becomes more probable. As

we saw, this is re�ected in the yield curve. However, VA is increasing in C1 over a much

greater range. If Firm 1 debt holders know that Firm 2 will default and be acquired

by Firm 1, they know Firm 1�s default trigger will fall in the future, guarding them

against default. This makes debt �nance very cheap for Firm 1. However, if Firm

1 issues too much debt (C1 > 5), debt holders will know Firm 1 will default �rst and

16



2 4 6 8 10 12 14 16
120

130

140

150

160

170

180

C
1

Figure 3: Firm Value (C
2
=5)

P*
1
 = P*

2

V
A

V
L

V
S

→

R
1
 (C

2
)

2 4 6 8 10 12 14 16
120

130

140

150

160

170

180

C
1

Firm Value (C
2
=8)

P*
1
 = P*

2

V
A

V
L

V
S

→

R
1
 (C

2
)



the acquisition is never going to occur; hence VA no longer de�nes Firm 1 value. It is

clear from Figure 3 that if Firm 1 is going to limit debt issuance and play the role of

the acquirer, it will maximize �rm value by issuing as much as possible (C1 = C2 � �).
With these parameters, Firm 1 value is maximized at C1 = 9:5, whereby Firm 1 defaults

before Firm 2. This strategy yields a �rm value of 168.5, as compared to 160.5 for

choosing C1 = 5� � and acquiring Firm 2, and 157.0 for choosing C1 = 5 and defaulting
simultaneously.

How does C2 a¤ect this decision? The second plot in Figure 3 graphs Firm 1 values

for C2 = 8. The higher leverage of Firm 2 causes Firm 1 liquidation value to be lower,

shifting VL down. Since Firm 1 faces a higher yield spread, VL is maximized at a lower

debt level (C1 = 9:0). The relationship of C2 to VA is more subtle. A greater C2 raises

P �2 , and hence the value of Firm 2 when it defaults. In maximizing the acquisition bid,

Firm 1 issues more new debt than if P �2 were lower. This increase in new debt raises the

post-merger default trigger P �m1 (see (16)), thereby limiting the gains reaped by original

Firm 1 debt holders.5 However, by increasing P �2 , the line P
�
1 = P

�
2 shifts to the right,

allowing Firm 1 to issue more debt while still being the acquirer. The net result is

to increase the maximum value of VA. The result is that Firm 1 maximizes value by

setting C1 = 8 � �, playing the acquirer and attaining �rm value 170.2, as opposed to

163.0 by playing the liquidator, and 158.1 for simultaneous default. Notice

that in this example, Firm 1 achieves greater value when C2 = 8 than when C2 = 5. In

other words, Firm 1 value is higher when Firm 2 is more leveraged.

C. Capital structure

For a more complete picture of �nancing choices, de�ne R1(C2) as the choice of C1 that

maximizes the value of Firm 1 for a given C2. Figure 4 graphs R1(C2). For C2 � 6,
Firm 1�s choice of C1 is greater than C2, implying that Firm 1 defaults �rst. This is in

accord with the results from Figure 3. As C2 increases from zero to 6, Firm 1�s optimal

debt level decreases, as the yield spread on its debt increases. For C2 � 7, Firm 1

chooses to play the acquirer, setting C1 as high as possible while still convincing its debt

holders that it will make an acquisition. Firm 2�s strategy, R2(C1), is symmetrical to

that of Firm 1.

It is apparent from the points plotted in Figure 4 that there is no Nash Equilibrium.

Firm 2 never chooses C2 low enough to make Firm 1 default �rst. For the values of C2
actually chosen, Firm 1 chooses C1 just low enough that Firm 1 will be the acquirer.

5If the acquisition were all-equity �nanced, VA would be independent of C2.

17



2 4 6 8 10 12

2

4

6

8

10

12

C
2

C
1

Figure 4: Response Functions

P*
1
 = P*

2
→

Firm 1 defaults first

P*
1
 > P*

2

Firm 2 defaults first

P*
1
 < P*

2

R
1
 (C

2
)

R
2
 (C

1
)



However, Firm 2 responds to this by choosing C2 just low enough that Firm 2 will be

the acquirer. Repeating the experiment for di¤erent parameters reveals that the same

outcome holds over all reasonable values.

Analyzing the sequential entry of �rms is more fruitful. Suppose Firm 1 is the �rst

to enter an industry, entering at time 0. Firm 2 enters at some time � > 0. Let

P0 = 10. For simplicity, assume that when Firm 1 enters it does not anticipate any

future entrants, choosing its capital structure as if the only bidders upon default are

outsiders. According to (9), C1(P0) = 7:4. How does Firm 2 choose C2(P� )? This

depends on the relationship between P0 and P� . Figure 5 graphs the value of Firm 2

under the strategies of playing the liquidator and playing the acquirer. If P� is low

compared to P0 it is better o¤ playing the acquirer. In this case, Firm 1 has very high

leverage at time � . It will not be willing to bid much for Firm 2 if Firm 2 defaults.

Also, Firm 1 will be near default itself. If Firm 2 was to set C2 so as to default �rst,

it would have to set it very high compared to P� . Firm 2 would be highly levered,

with low liquidation value. This is clearly a bad strategy. It would be better to take

on slightly less debt than Firm 1, thereby signalling to debt holders that it will default

after Firm 1, and acquire Firm 1 when Firm 1 defaults. On the other hand, if P� is

much greater than P0, Firm 1 will have low leverage at time � . It will bid high if Firm

2 defaults. In order for Firm 2 to play the acquirer, defaulting after Firm 1, it must

take on very low leverage, thereby foregoing the valuable tax advantages of debt. It is

better o¤ being more highly levered. It can secure debt at a reasonable price because

in the event of default, liquidation value will be high. Note that over this range of P�
Firm 2�s leverage increases modestly in P� , as Firm 1 becomes less levered and o¤ers a

higher bid. The result is that the entrant�s leverage choice is modestly decreasing in the

leverage of the incumbent when the incumbent�s leverage is low, and rapidly increasing

in the incumbent�s leverage when the incumbent�s leverage is high.

The intuitive prediction of capital structure in industry equilibrium is that optimal

�rm leverage is decreasing in the leverage of insiders. If Firm 1 defaults and Firm 2 is

highly levered, debt holders will receive a lower bid. Ex ante, debt is more expensive

and Firm 1 uses less. Here we �nd the more dramatic relationship running the other

way. If competitors have su¢ ciently high leverage, a �rm can signal that it will buy

them by issuing slightly lower debt. The cushion this provides against default lowers

the cost of debt so much that the �rm uses as much as it can (while still playing the

acquirer). Of course, if incumbents are highly levered because the industry is in a

downturn, investment costs may make entry unpro�table even though the potential to
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acquire �rms exists. Industry equilibrium and sequential entry will be explored in much

greater detail after the more generalized model is developed in the next section.

Are the results of the model robust to alternative assumptions? We have used an

industry with only two �rms. Consider a model with multiple inside bidders. Bids are

decreasing in a �rm�s debt level. In order to win the bid, a �rm must have a debt level

not only lower than the target of the acquisition, but also lower than other insiders.

This places a higher hurdle on choosing the acquirer strategy, but does not alter the

general result. For instance, if all incumbents were highly levered, the entrant would

still play the acquirer. How would the results change if the liquidator did not have all

the bargaining power? Clearly, the value of the liquidating �rm would fall, and that of

the acquirer would rise. This would only increase the value of playing the acquirer. It

is assumed that cash �ow is perfectly correlated across �rms. If not, it is possible that

an idiosyncratic shock will lead to default before any acquisitions are made to bu¤er

against it. While having lower debt payments than other �rms would not guarantee

protection for debt holders in this case, a correlation would still exist.

It is also assumed that capital structure cannot be altered. If not for the holdout

problem, debt and equity could both bene�t from a renegotiation of debt if the �rm

is near default. Christensen et al. examine this possibility in the Leland framework.

The ability to extract concessions from debt holders depends on the liquidation value

they receive in default. This in turn depends on the leverage of the acquirer. The

higher the acquirer�s leverage, the more power the liquidator�s equity holders have to

renegotiate, and the higher the liquidator�s cost of capital. This reinforces the negative

relationship between the entrant�s leverage and that of the incumbent if the entrant is

going to play the liquidator. However, the e¤ect on VA and VL is not obvious. The

ability to renegotiate alters the cost of debt, optimal leverage, and the timing of default.

The implications for industry equilibrium deserve further study.

Also troublesome is the assumption that liquidation is automatic upon default. If

Firm 1 debt holders can wait for a higher bid, the link between default and acquisition

breaks down. This opens up the possibility that Firm 2, as a would-be acquirer, might

default before Firm 1 debt holders choose to liquidate. This causes a break in the

relationship between debt levels and the order of default. As already noted, empirical

studies �nd that it is common for debt holders of bankrupt �rms to wait out a downturn.

Wruck (1990) and White (1996) characterize two types of bankrupt �rms: those that are

economically ine¢ cient, and those that are �nancially distressed. The latter type, they

argue, should recover. In the model developed in Section II, all �rms have the same cash
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�ow. Default has nothing to do with economic e¢ ciency, stemming only from �nancial

distress. Bris, Welch and Zhu (2003) demonstrate that it is optimal for creditors of such

�rms to wait to liquidate. In this sense, the model of automatic liquidation is too good

to be true from the acquirer�s standpoint. Acquisition does not automatically follow

from default of industry peers.

III. Debt Holder-run Firms

Suppose debt holders can operate the �rm after default, earning cash �ow �(1 � �)Pt,
where � < . This means the remaining insider is a more e¢ cient operator than the debt

holders, but debt holders might not sell the �rm immediately. They have the option

to liquidate, and may wait for cash �ow to recover before exercising it. Liquidation

value rises with cash �ow both because the intrinsic value of the �rm is higher, and

the acquirer�s debt overhang is less severe. This option to wait increases the value of

the �rm�s debt, both before and after default. It also allows the possibility that the

would-be acquirer may itself default before making the acquisition, altering the value of

its own debt. This reduces the value of playing the acquirer while raising the value of

the liquidator.

All the other assumptions of Section II still hold, except that now there is no outside

bidder. If a �rm defaults and no insider is left to acquire it, the debt holders operate it

forever. This simpli�es the new model greatly, with little e¤ect on the results. In fact,

if we assume that debt holders can only extract as much cash from the �rm as outsiders

(� = �), the model yields the same results with or without outside bidders (this will be

noted below). This assumption seems reasonable, since creditors generally have little

knowledge of their borrower�s business, and face agency costs in hiring management.

A. Firm value

To obtain formulas for �rm value in this model, suppose Firm 1 defaults at P �1 > P
�
2 .

There is a liquidation trigger P ��1 � P �1 at which debt holders accept the acquirer�s bid.
The �rst task is to �nd DL(P;C1; C2), the value of Firm 1�s debt prior to default, and

the liquidation trigger P ��1 .

LetDLd(P;C1; C2) denote the value of Firm 1�s debt between the time Firm 1 defaults

and the time debt holders liquidate the �rm. This follows

0 =
1

2
�2P 2DPP + (r � �)PDP � rD + �(1� �)P
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with boundary conditions

DLd(0; C1; C2) = 0 (20a)

DLd(P
��
1 ; C1; C2) = Bid1;In(P ��1 ; C2) (20b)

@DLd(P
��
1 ; C1; C2)=@P = @Bid1;In(P ��1 ; C2)=@P (20c)

(20b) and (20c) are the value-matching and smooth-pasting conditions corresponding to

the option to liquidate. This yields

DLd(P;C1; C2) =
�(1� �)P

�
+

�
Bid1;In(P ��1 ; C2)�

�(1� �)P ��1
�

��
P

P ��1

��
(21)

To obtain DL(P;C1; C2), replace L(P �1 ) in (8) with DLd(P
�
1 ; C1; C2):

DL(P;C1; C2) =
C1
r
+

�
DLd(P

�
1 ; C1; C2)�

C1
r

��
P �1
P

��
(22)

Since there is no closed-form solution for Bid1;In, there is no closed-form solution for

DL(P;C1; C2) or P ��1 . Intuitively, the higher C2, the lower Firm 2�s bid, and the longer

debt holders will wait to liquidate. This means a higher P ��1 . This in turn decreases

the value of Firm 1�s debt both before and after default. Both the liquidation trigger

and debt value are increasing in �, as operating in default is a more viable alternative.

If � is high, a �rm is more sheltered from the debt overhang of other �rms. It will

be important later to note that P ��1 is independent of C1. Since the �rm has already

defaulted on the coupon payments, they do not enter the decision of when to liquidate.

Equity value is unchanged from the analysis of Section II, so Firm 1 value, VL(P;C1; C2) =

E(P;C1) +DL(P;C1; C2), is given by (5) and (22).

The ability of debt holders to wait before liquidating also a¤ects the value of the

potential acquirer. With liquidation trigger P ��1 > P �1 , there are two possible scenarios

following Firm 1�s default: 1) P rises to P ��1 and Firm 2 acquires Firm 1 before Firm 2

defaults, 2) P falls to P �2 �rst, and Firm 2 defaults without having made the acquisition.

In the latter case, the default of Firm 1 plays no role in postponing the default of Firm

2. Thus, the potential to acquire Firm 1 provides only the possibility of protection for

Firm 2 debt holders, not a guarantee.

The task now is to �ndDA(P
�
1 ; C2; C1), Firm 2 debt value prior to the default of Firm

1. Consider Firm 2 debt value if Firm 1 has already defaulted and been acquired. The

default trigger of the merged �rm is P �m2. When Firm 2 defaults, debt holders operate
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Firm 2�s original assets forever, which has present value �(1 � �)P �m2=�. Substituting

this as the "liquidation value" in (8) yields debt value at the time of the acquisition:

C2
r
+

�
�(1� �)P �m2

�
� C2
r

��
P �m2
P

��
(23)

If Firm 2 defaults before acquiring Firm 1, Firm 2 debt holders operate Firm 2 forever,

which has value �(1� �)P �2 =� at the time of default.6

Now consider Firm 2 debt value after Firm 1 defaults, but before either Firm 1 is

acquired or Firm 2 defaults. Denote this DAd(P;C2; C1), which follows the process (6),

subject to boundary conditions

DAd(P
��
1 ; C2; C1) =

C2
r
+

�
�(1� �)P �m2

�
� C2
r

��
P �m2
P ��1

��
DAd(P

�
2 ; C2; C1) = �(1� �)P �2 =�

The general solution isDAd(P;C2; C1) = C2=r+e1P
�+e2P

��. The boundary conditions

determine

e1 =

(�
�(1� �)P �m2

�
� C2
r

��
P �m2
P ��1

��
�
�
�(1� �)P �2

�
� C2
r

��
P �2
P ��1

��)
Q�1

e2 =

�
�(1� �)P �2

�
� C2
r

�
P ��2 � e1P ��+�2

where Q = P ���1 � P ��2 (P �2 =P
��
1 )

�.

The value of Firm 2 debt before Firm 1 defaults follows (6), subject to boundary

conditions

lim
P!1

DA(P;C2; C1) = C2=r

DA(P
�
1 ; C2; C1) = DAd(P

�
1 ; C2; C1)

This yields

DA(P;C2; C1) =
C2
r
+

�
DAd(P

�
1 ; C2; C1)�

C2
r

��
P �1
P

��
(24)

This has no closed-form solution, but numerical solutions verify some important

properties. First, DA(P;C2; C1) is increasing in C1, as this makes acquisition more

6If there were an outside bidder, Firm 2 debt holders would have the option of waiting to liquidate.
This adds another layer to the computation of Firm 2 debt value. If � = �, the value of operating in
default equals the bid of the outsider, leaving the results unchanged.
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likely before Firm 2 defaults itself. P �1 is increasing in C1, which decreases the distance

between P �1 and P
��
1 while increasing the distance between P �1 and P

�
2 (recall that P

��
1 is

independent of C1). This increases the probability that P will reach Firm 1�s liquidation

trigger before reaching Firm 2�s default trigger. Second, DA(P;C2; C1) is decreasing in �,

as this increases P ��1 and decreases the probability of acquisition. Third, DA(P;C2; C1)

is increasing in , as this increases Firm 2�s bid, and the probability of acquisition.

As in Section II, by assuming the liquidator has all the bargaining power, equity gains

nothing by the acquisition. Firm 2 value is VA(P;C2; C1) = E(P;C2) +DA(P;C2; C1),

given by (5) and (24).

B. Capital structure

As before, maximizing �rm value proceeds by maximizing VA and VL over the relevant

ranges of coupon payments, and then choosing the maximum of the two strategies.

Figure 6 plots the response functions of each �rm for � = :5 and  = :7. R1(C2) is

clearly decreasing in C2 over the region in which Firm 1 defaults �rst. Even with the

ability of debt holders to operate the �rm in default, the e¤ect of Firm 2�s leverage on

acquisition bids still raises the cost of debt to Firm 1. For instance, R1(3) = 8:9 while

R1(7) = 8:26. In leverage terms, if Firm 2 leverage is .38, Firm 1�s optimal leverage is

.82. If Firm 2 leverage is .71, Firm 1 leverage is .78. This relationship is more sensitive

when � is low, as debt holders rely more on Firm 2�s bid to recoup losses in default,

raising the cost of Firm 1�s debt. The relationship is more sensitive for higher values

of �. With a greater chance of default, recovery in default weighs more heavily in the

cost of debt.

In contrast to the results in Section II, the values of R1(C2) and R2(C1) plotted

in Figure 6 suggest that a Nash equilibrium does exist, with (CNE1 ; CNE2 ) = (8:3; 6:8).

This corresponds to leverages of .78 and .69. Firm 1 defaults �rst and Firm 2 is the

potential acquirer. Since the �rms are identical, an equilibrium also exists in which Firm

2 defaults �rst. Assume for purposes of discussion the equilibrium in which Firm 1 is

the �rst to default. Why does an equilibrium exist in this case and not in the automatic

liquidation model? The ability of debt holders to wait before liquidating lowers the cost

of debt to the �rm defaulting �rst, while increasing it for the �rm defaulting second. VL
rises while VA falls, and defaulting �rst maximizes Firm 1 value over a greater range of

C2. Note from Figure 6 that when Firm 2 is second to default, it does not use as much

debt as possible; C2 is signi�cantly lower than C1. Since debt is now more costly, Firm

2 uses less, shifting the plotted points to the left, away from the default order boundary.
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At this lower level of C2, Firm 1 value is now maximized by being the �rst to default.

In this equilibrium, two identical �rms have quite di¤erent leverages. This may help

explain why a large degree of heterogeneity is observed in the capital structure of �rms

in the same industry.

Numerical solutions also suggest that if � is increased, the equilibrium debt level of

Firm 1 rises while that of Firm 2 falls. This follows since Firm 1 debt holders earn more

and wait for a higher bid in default, while those of Firm 2 face a greater risk that the

acquisition will never be made. An increase in  raises the equilibrium debt level of both

�rms, since Firm 1 debt holders receive a higher bid, while Firm 2 debt holders bene�t

from the greater probability that an acquisition is made. This suggests another reason

why older, more established industries should have higher leverage than new, high-tech

ones. In older industries, technology is more uniform across �rms, and operations are

understood by a greater number of people. One �rm can take over the operations of

another without much loss in productivity. Newer industries are often associated with a

high degree of idiosyncratic risk, which suggests the use of low leverage for two reasons:

1) the risk of bankruptcy costs is greater, 2) the asymmetry of information between

insiders (equity holders) and outsiders (debt holders) is greater. Here we see that even

when every �rm in the industry receives the same cash �ow (no idiosyncratic shocks),

and the cash �ow process is observed by both equity and debt holders, leverage should

still be lower if there is great asymmetric information regarding the �rm�s technology

and operations. This will raise bankruptcy costs by preventing either debt holders or

acquirers, or both, from being fully productive operators. For some parameter values, a

Nash equilibrium does not exist. If  is too great compared to �, VL falls in relation to

VA, with a result similar to that in Section II.

Returning to the relationship between incumbent and entrant, consider a �rm (the

incumbent) entering at time 0 and choosing debt level CI to maximize �rm value given

cash �ow P0. At time � , an entrant chooses debt level CE to maximize �rm value given

P� and CI . As a result of the entrant�s choice, the two �rms have leverages LevI and

LevE, respectively, based on their debt levels, P� , and the order in which they default.

Suppose P� = 10. Figure 7 displays the entrant�s choice of CE for a given CI , and the

resulting leverages of the two �rms. The graphs reveal whether an entrant will position

itself to potentially acquire, or be acquired by, the incumbent. They also show how

sensitive the entrant�s optimal leverage is to that of the incumbent.

Graphs (a) and (b) demonstrate the e¤ect of cash �ow volatility by plotting CE and

LevE for � = :15 and � = :25 (with  = :7 and � = :5). The solid line in Graph
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(a) marks CE = CI , and reveals the order of default. The solid line in Graph (b)

marks LevE = LevI . This does not exactly correspond to the order of default, since the

formulas for �rm value, and leverage, vary with the order of default. It is simply for

comparing the leverages. First, note that higher volatility decreases LevE for almost

every value of LevI . This is simply because the probability of default is greater, and

the cost of debt higher. Note that for � = :25, LevE is more sensitive to LevI when the

entrant is �rst to default. Since there is a higher probability of default, the higher loss in

default owing to the lower bid makes a greater impact on the cost of the entrant�s debt.

Finally, the entrant in the more volatile industry is quicker to switch to the acquirer

strategy as LevI increases. For � = :25, the entrant plays the acquirer when CI � 9, or
LevI � :72. For � = :15 the entrant still plays the liquidator at those values. This is
because volatility increases default probability, raising VA compared to VL.

Graph (c) and (d) display the e¤ects of debt holders�ability to operate the �rm in

default, plotting CE and LevE for � = :5 and � = :6 ( � = :15,  = :7). For higher �,

optimal LevE is higher when the entrant is �rst to default, and lower when it defaults

second. Since debt holders can better operate the �rm, recovery in default is higher,

and the cost of debt lower when the �rm is �rst to default. For the same reason, debt

holders of the defaulted �rm will wait for a higher bid, decreasing the chance that the

would-be acquirer actually makes an acquisition, raising its cost of debt. It is also clear

that the entrant is quicker to switch to playing the acquirer as LevI increases. This is

because the ability of debt holders to operate reduces VA compared to VL.

Graphs (e) and (f) demonstrate the e¤ect of the insider�s ability to operate a com-

petitor�s �rm, plotting CE and LevE for  = :7 and  = :9 (� = :15, � = :5). The

greater is , the greater is optimal leverage both when playing the liquidator and the

acquirer. The debt holders of the �rst �rm to default have the bene�t of a higher bid,

while those of the acquirer bene�t from a greater probability of acquisition.

It may be tempting to draw conclusions from these graphs about how these para-

meters a¤ect heterogeneity among �rms in an industry. For instance, Graph (b) shows

that in volatile industries LevI and LevE will be closer when LevI is low. Since entry

generally occurs when P is high and LevI low, one may deduce that �rms in less volatile

industries should have more heterogeneity in their leverage. However, entry occurs only

when P is su¢ ciently high. According to standard models of entry under uncertainty,

the threshold for P is higher when volatility is higher. This means LevI is lower at en-

try if the industry is volatile, and LevE higher. This increases heterogeneity in volatile

industries compared to less volatile ones. Thus, it is not clear how volatility a¤ects
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heterogeneity. To explore these issues, the model could be extended to endogenize the

entry decision.

IV. Conclusions

This paper has investigated the e¤ects of debt overhang on acquisition bids for bankrupt

�rms. It has derived the implications for the cost of debt, both for the liquidator and the

acquirer, and used these in a model of industry equilibrium where the order of default

is chosen endogenously. The main �ndings are:

1. Acquisition bids are decreasing in the leverage of the acquirer. The degree of this

debt overhang e¤ect depends on how the acquisition is �nanced. The bid for all-

equity �nance has a low upper bound. The bid for all-debt �nance can be much

higher if the �rm is less leveraged, but is severely diminished by debt overhang.

Bids �nanced by debt and equity are highest, but still subject to debt overhang.

2. The leverage of a potential acquirer can signi�cantly increase the cost of debt

for a potential liquidator. A �rm can reduce its cost of debt by being better

capitalized than industry peers, thereby signaling that it will make acquisitions in

an industry downturn. This can reduce the acquirer�s cost of debt by o¤ering a

cushion against default. The cost of debt can be decreasing in the leverage of the

potential liquidator.

3. The response function of a �rm to the leverage of an industry peer is non-monotonic.

If the peer has low leverage, it is optimal to use higher leverage and play the liq-

uidator. If the peer has high leverage, it is optimal to use somewhat lower leverage

and play the acquirer. Over the lower range of peer leverage the response function

is decreasing. Over the higher range it is increasing. This is in contrast to Shleifer

and Vishny, who �nd only a negative relationship.

4. Industry equilibrium involves heterogeneity in capital structure, consisting both of

�rms that are highly levered to take advantage of tax bene�ts, and those that are

well capitalized and will acquire the others in times of adversity.

These results add to those of several recent studies by suggesting another channel

by which heterogeneity in capital structure exists in industry equilibrium. Although

the implications for the cross-section of leverage within an industry may not be dis-

tinguishable from those of other studies, this model has unique implications for the
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entrant/incumbent relationship. This highlights the importance of taking a "dynamic"

rather than cross-sectional approach to empirical work, in which capital structure choices

at time of entry are observed as a response to conditions in the industry.

References

Viral Acharya, Sreedhar Bharath, Anand Srinivasan, 2005, "Does Industry-wide Distress

A¤ect Defaulted Firms? Evidence from Creditor Recoveries" mimeo.

Paul Asquith, Robert Gertner, David Scharfstein, 1994, "Anatomy of Financial Distress:

An Examination of Junk Bond Issuers" The Quarterly Journal of Economics 109 (3),

625-658.

P. Bolton and D. Scharfstein, 1994, "Optimal Debt Structure and the Number of Cred-

itors" mimeo.

Arturo Bris, Ivo Welch and Ning Zhu, 2003, "The Costs of Bankruptcy" mimeo.

P. Christensen, C. Flor, D. Lando, K. Miltersen, 2000, "Dynamic Capital Structure with

Callable Debt and Debt Renegotiations" mimeo.

Pascal Francois and Erwan Morellec, 2002, "Capital Structure and Asset Prices: Some

E¤ects of Bankruptcy Proceedures" mimeo.

Steven Fries, Marcus Miller and William Perraudin, 1996, "Debt in Industry Equilib-

rium" mimeo.

Dirk Hackbarth, Jianjun Miao and Erwan Morellec, 2005, "Capital Structure, Credit

Risk and Macroeconomic Conditions" mimeo.

Hayne E. Leland, 1994, "Corporate Debt Value, Bond Covenants and Optimal Capital

Structure" Journal of Finance 49 (4), 1213-1252.

____ and Klaus Bjerre Toft, 1996, "Optimal Capital Structure, Endogenous Bank-

ruptcy and the Term Structure of Credit Spreads" Journal of Finance 51 (3) 987-1019.

Peter MacKay and Gordon Phillips, 2005, "How Does Industry A¤ect Firm Financial

Structure?" The Review of Financial Studies 18 (4), 1433-1466.

Vojislav Maksimovic, 1988, "Capital Structure in Repeated Oligopolies" Rand Journal

of Economics 19 (3), 389-407.

27



____ and Josef Zechner, 1991, "Debt, Agency Costs, and Industry Equilibrium" Jour-

nal of Finance 46, 1619-1643.

____ and Gordon Phillips, 1998, "Asset E¢ ciency and Reallocation Decisions of Bank-

rupt Firms" Journal of Finance 53 (5), 1495-1532.

____, Alex Stomper and Josef Zechner, 1999, "Capital Structure, Information Acqui-

sition and Investment Decisions in an Industry Framework" European Finance Review

2, 251-271.

David Mauer and Steven Ott, 2000, "Agency Costs, Underinvestment, and Optimal

Capital Structure: The E¤ect of Growth Options to Expand" in Project Flexibility,

Agency, and Competition, Michael Brennan and Lenos Trigeorgis, eds. Oxford University

Press.

Erwan Morellec, 2001, "Asset Liquidity, Capital Structure and Secured Debt" Journal

of Financial Economics 61, 173-206.

Stuart Myers, 1977, "Determinants of Corporate Borrowing" Journal of Financial Eco-

nomics 5, 147-175.

Todd Pulvino, 1998, "Do Asset Fire Sales Exist? An Empirical Investigation of Com-

mercial Aircraft Sale Transactions" Journal of Finance 53, 939-978.

Andrei Shleifer and Robert Vishny, 1992, "Liquidation Values and Debt Capacity: An

Equilibrium Approach" Journal of Finance 47, 1343-1366.

Valeriy Sibilkov, 2006, "Asset Liquidity and Capital Structure" mimeo.

Rene Stulz and Herb Johnson, 1985, "An Analysis of Secured Debt" Jounral of Financial

Economics 14, 501-521.

M. White, 1996, The Costs of Corporate Bankruptcy: A US-European Comparison" in

Corporate Bankruptcy: Economic and Legal Perspectives J. Bhandari and L. Weiss eds.

Cambridge University Press.

J. Williams, 1995, "Financial and Industrial Structure with Agency" The Review of

Financial Studies 8, 431-475.

K.H. Wruck, 1990, "Financial Distress, Reorganization and Organizational E¢ ciency"

Journal of Financial Economics 27, 419-444.

28


