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The commitment value of financial contracts is limited by the ability of contracting parties to renegotiate them away, if it becomes mutually beneficial to do so.
When debt contracts are used by oligopolistic firms to commit to aggressive
output strategies as in Brander-Lewis,
we show that renegotiation may undermine commitment under symmetric information, but not generally under asymmetric information. Lasting contracts that survive renegotiation are proposed. It
is shown that there exist lasting debt contracts which preserve the commitment
value and in which not all debt is renegotiated away. Journal of Economic Literature Classification Numbers: G32, L12, and D82. D 1992 Academic press, IIK.

INTRODUCTION
A growing literature views debt and agency contracts as strategic commitments to take actions that are optimal ex ante but not ex post. This
idea is traceable to Schelling (1960). For instance, Dybvig and Zender
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(1991) show that optimal managerial contracts may be used to address a
class of agency problems arising in capital markets. In Dewatripont
(1988), an incumbent firm uses a labor contract to commit to predatory
pricing. Brander and Lewis (1986) argue that debt contracts could be used
to commit oligopolistic firms to aggressive output decisions, and similar
results were obtained by Maksimovic (1987, 1988). Fershtman and Judd
(1987) and Sklivas (1987) study the use of managerial contracts as commitment devices in oligopolies. In Nagarajan (1988), stockholders use a managerial contract to commit to value-increasing takeover resistance. As
pointed out by Holmstrom and Myerson (1983) and Hart and Tirole
(1988),i however, contracts differ from other commitment devices such as
capital investment (Dixit, 1980) in the sense that firms can easily undo the
commitment in the short run by renegotiating the contract away if it
becomes mutually optimal for the parties to do so. With the exception of
Dewatripont (1988), the above works ignore the implications of such renegotiation possibilities.
This paper shows that the requirement of renegotiation proofness may
undermine the commitment value of contracts under symmetric information, but not generally under asymmetric information. For concreteness,
we employ the leveraged oligopoly model of Brander and Lewis (1986)
(henceforth, BL)* and show that even if firms have the option to renegotiate a financial commitment,
informational asymmetries may impair the
renegotiation process enough to allow some debt contracts to function as
credible commitments.
In the BL model, two firms play a two-stage oligopoly game under
complete information. Both firms have the option to issue debt in the first
stage and to play a Cournot output game in the second stage. BL show
that under standard assumptions, debt can act as a strategic commitment
to overproduce, forcing the competitor to cut its output. In a symmetric
equilibrium, both firms have the incentive to issue ex ante a positive
amount of debt, leading them to greater outputs and lower overall profits.
In contrast, if only one firm is allowed to issue debt, this firm will gain an
advantage by forcing the competitor to cut output, thus increasing its own
output and profits.
We first formalize the claim that in the symmetric information BL
model if the two firms could privately buy back their debt just prior to
’ For a similar critique, but in the context of financial markets, see Ravid and Spiegel
(1989).
* We have borrowed the BL framework, rather than introducing a fresh one, for two
reasons. First, its imperfect market of oligopoly offers a rich and well-understood setting in
which to examine the commitment value of debt contracts. Second, and perhaps more
important from a technical standpoint, the model remains tractable when renegotiation
under asymmetric information is introduced.
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choosing their outputs, they would repurchase all of it-thus
completely
undoing the ex ante commitment. This result obtains for two reasons.
First, any leverage-driven overproduction
in the output market lowers
profits and is dominated by unlevered production. Second, in the absence
of either a credible commitment not to renegotiate or any significant costs
of renegotiation, the symmetric information structure in the BL model
allows the firms to repurchase all the debt, internalizing all the output
gains.
We then modify the BL model by introducing private information. One
of the firms, say firm 1, after issuing its debt, receives some private
information-either
high (H) or low (L)-about
the quality of its future
performance.3 In this paper, debt renegotiation under asymmetric information is modeled in two steps in Sections 2 and 3. In Section 2, firms are
given the option to privately repurchase some or all of their debt only in
the final stage, just prior to choosing their outputs. In this case, the
amount and the price of the debt repurchased by firm 1 may reveal to the
creditors its private information in the ensuing (sub)game of asymmetric
information,
thus impairing the renegotiation process. By applying the
intuitive criterion of Cho and Kreps (1987), we show that there exists a
unique debt contract surviving the debt repurchase process. This contract
is referred to as a lasting confruct in this paper. Roughly speaking, a
lasting debt contract is immune to renegotiation when the uniformed creditors of firm 1 form sophisticated beliefs about the out-of-equilibrium
behavior of the informed firm. Such beliefs help rule out a potential pooling
equilibrium in Section 2. We then relate the lasting contracts in this paper
to the notions of durability (Holmstrom and Myerson, 1983) and renegotiation proofness (Maskin and Tirole, 1992).
In the unique separating equilibrium of Section 2, both firm 2 and the
high-quality type of firm 1 buy back all their debt, whereas the low-quality
type repurchases only a part of it-leaving
a residual debt that acts as a
credible commitment.
The intuition behind this result is as follows. As
indicated earlier, both types of firm 1 will have the ex post incentive to
buy back all their debt, given the option to do so. If both types pool
together by repurchasing all their debt, however, the low-quality firm will
find that its debt is overvalued by the debtholders, thus increasing the cost
of the repurchase. Hence, the low-quality firm may prefer to signal its
type to its creditors by not repurchasing the entire debt, thus inducing
them to tender at a lower price. While the competitor does not observe
this repurchase immediately, it rationally expects that firm 1 will not
have repurchased all its debt if it turned out to be of low-quality and keeps
3 For expositional clarity, the case of both firms being privately informed is not modeled
here, but is briefly discussed in Section 4.
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its output low, while both types of the informed firm produce more. Thus,
the residual debt gives both types of firm 1 a commitment value in equilibrium.
In Section 3, both firms are allowed to renegotiate their debt in the
interim as well, before the last stage of the game. Since debt repurchases
executed at this interim stage are observed by the competitor, they may
undermine the original commitment value. Hence, in the game of full
information, no debt will be repurchased until the very last stage, just
prior to choosing the outputs. In contrast, in the game of asymmetric
information, any debt repurchase by the informed firm in the interim (i.e.,
after it learns its type) may reveal its private information to the competitor as well. The informed firm thus faces a problem of signaling to two
audiences, its creditors and the competitor, and faces a richer set of
tradeoffs.4 On one hand, both types of the informed firm can pool in the
interim and stay anonymous until the final stage, when they separate as in
Section 2, obtaining a commitment value from debt. On the other hand,
they can try to convince their creditors and the competitor that they are of
either high or low quality. Claiming a low quality may reduce the repurchase price demanded by the creditors but may induce the competitor to
be aggressive in the product market. In contrast, claiming a high quality
may intimidate the competitor while increasing the repurchase price. Corresponding to these two cases, we show that there may exist two equilibria in which the informed firm prefers to forego the renegotiation option in
the interim, thereby preserving the ex ante commitment value of debt.
Roughly speaking, these equilibria obtain when the commitment value of
debt dominates the incentives to be identified as either type of the informed firm.5
The role of asymmetric information in the renegotiation process is also
relevant to the literature on reorganization under bankruptcy. In particular, our model implies that bargaining during Chapter 1I reorganizations
may not always eliminate deadweight losses in the presence of asymmetric information, in contrast to Haugen and Senbet (1978). In this regard,
our results are consistent with Giammarino (1989).
Our paper is related to that of Dewatripont (1988), who shows that an
incumbent firm can commit to deter entry by entering into a labor contract
that is renegotiation proof in equilibrium. This paper differs from Dewatri4 This is similar to, but different from Gertner et al. (1988) and also Bhattacharya and
Ritter (1983). See Section 3.
5 The incentives to feign either high or low quality in our model is in contrast to the
standard signaling models, in which potential defections from pooling are of only one type,
usually the high type. This is because, with two audiences in our model, it may be better for
the informed firm to be perceived as a high-quality type in the product market, whereas
being perceived as a low-quality type may be advantageous in the debt renegotiations.
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pont (1988) in that we model the renegotiation game as a sequential signaling game rather than as a screening game and analyze the two-audience signaling issues. The latter have also been studied by Gertner ef al.
(1988). The main differences between the games in the two papers are that
we focus on the commitment value of debt (in addition to its signaling
value), and we examine an additional single-audience signaling problem
at the last stage.
Early work on debt renegotiation goes back to Hellwig (1977) in the
context of life-cycle consumption. In the newly developing contract renegotiation literature, Aghion et al. (1989) examine renegotiation design
under symmetric information.
Maskin and Tirole (1992) examine contracts that are renegotiation proof in an abstract principal-agent relationship. Beaudry and Poitevin (1990) study repeated renegotiation of contracts. Heinkel and Zechner (1990) show that nonzero coupon debt may
improve efficiency relative to pure discount bonds under asymmetric information, alleviating the adverse selection problems in renegotiating the
debt. Others include Dewatripont
and Maskin (1990), Huberman and
Kahn (1986), and Maskin and Moore (1988). Unlike the present paper,
these works do not explicitly consider debt contracts and imperfectly
competitive product markets under asymmetric information.
Hart and
Moore (1989) examine debt renegotiation under symmetric information,
but do not model the product markets. Related work on the strategic role
of debt (not as a commitment device) in product markets includes Allen
(1988) and Titman (1984).
The paper is organized as follows. The next section introduces renegotiation in the BL model. In Section 2, asymmetric information is introduced, and the ex ante incentives to issue debt are examined. In Section
3, we examine the implications of allowing renegotiation in the interim as
well. Section 4 presents some thoughts on possible extensions of the
paper. We close with a brief discussion of the empirical implications of
the model. All proofs can be found in the Appendix.
1. RENEGOTIATION

IN THE BL GAME

In this paper, we study a modification of the duopoly game analyzed in
BL that allows for renegotiation. As in BL, we assume that two firms play
a two-stage game in a duopolistic market. In the first stage, they have the
option to simultaneously issue debt with face values Di, i = 1, 2. We
assume that the debt is privately placed6 and that its level is publicly
6 We model privately placed debt because of its increasing importance, especially since
the liberalization of SEC Rule 144A. Indeed, by the late 1980’s, privately placed debt
accounted for nearly 75% by volume of the total issues and almost 60% by dollar value
(Investment Dealers Digest Information Services, 1991).

CONTRACTS

AS

LASTING

COMMITMENTS

7

known after a brief (grace) period.’ In the second stage, after observing
each other’s level of debt, the firms simultaneously choose their output in
a Cournot game. As in BL, these output choices are not observed by
either the creditors or the competitor.
In this section, we model the renegotiation process as follows. At any
time prior to choosing its output level qi, each firm has the option to
repurchase some or all of the private debt Di it had issued earlier. Again,
the repurchase terms will become common knowledge only after the
grace period. Given this structure, it can be shown that firms have no
incentive to repurchase their debt until the very last moment. This is
because repurchases made earlier would be observed by the competitor,
and any reduction in debt would undermine the original commitment.
Consequently, the repurchase option will be valuable only if exercised at
the very last moment-that
is, just prior to the output choice of both the
firms. More importantly,
each firm has an incentive to time its repurchases so that the competitor would learn its repurchase terms only when
the latter’s output is already chosen.8 Accordingly, we structure the modified game in two stages as follows.9
Stage 1. The stockholders of the two firms simultaneously make takeit-or-leave-it offers {Di, vi} to their respective creditors, where Vi is the
issue price of private debt Di. Creditors can either accept or reject these
offers. The debt levels and issue prices {D;, Vi} are then observed by the
respective competitors.
Stage 2. The stockholders of both firms simultaneously make repurchase offers to their creditors. Each firm i makes a prorated, all-or-nothing, take-it-or-leave-it
offer to repurchase an amount Bi E [0, Di] of its
debt at a total price ri. Again, the creditors can either accept or reject the
repurchase offer. Immediately afterward, before observing the competitor’s repurchase terms, both firms choose their output levels qi in a traditional Cournot-Nash
game.
’ This is consistent with the prevailing disclosure rules for publicly traded firms. For
instance, the SEC reporting requirement involves filing Form 1OQ every quarter to report,
among other things, any debt issues or repurchases-thus
allowing a maximum of 3 month’s
delay for the terms of a privately placed debt issue or repurchase to become public knowledge.
* On the other hand, if one of the firms receives private information before the repurchase
stage, the timing of the repurchase decision is much more complicated and will be explicitly
analyzed in Section 3. This is due to the possibility of signaling to two audiences-namely,
the competitor and the creditors (see Gertner et al., 1988).
9 Although we model privately placed debt in this paper, one can equivalently consider
public debt as well. All the results in the paper go through, in the case of public debt, as long
as the competitor is able to observe the terms of the public debt repurchase after an arbirrarily small time lag.
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We also assume that each firm begins the second stage with initial cash
of Ci, which is sufficient for repurchase purposes. Any remaining cash is
assumed to be paid out to the original stockholders in the form of a
dividend or a stock repurchase. Again, these transactions will become
common knowledge only after the outputs have been chosen. For notational ease, ui will be subsumed in Ci. For consistency, we shall use BL’s
notation as much as possible, except when noted. Specifically, the operating profit for firm i is R’(qi , qj, zi), where zi is a random variable distributed
as F(a) over the interval [_z, Z]. The random variable zi is not observed
before the production levels are determined. The operating profit will be
assumed to have all the convenient properties: Rii < 0, Rj < 0, Rk < 0,
and Ri > 0. In addition, we assume throughout that the marginal profits
increase with the random variable, i.e., Ri, > 0, in order to help focus on
the commitment value of debt.lO We assume no discounting.
The two-stage game described above can be solved backward. In the
last stage, the stockholders of each firm will choose the level of output
that maximizes the expected payoff after repurchase, which is
4i*(G, NJ E arg max V’[qi,
41

qj,

Ni] = Ci - Ti
+ $:,+,){R’(qi 7 4j 3 ZJ - NJ f(zJ & 7 (1.1)
II 2

where iVi = Di - Bi is the residual debt (after repurchase)
defined by
R’(qi

7 qj,

ii)

-

A’i

=

0.

and ii

is

(1.2)

Following BL, we assume an interior solution for the output choice, given
by the first-order condition”

lo The case of Ri < 0 is uninteresting since, as BL have shown, the debt does not give any
incentive to overproduce and hence will not have any strategic commitment value.
it The standard Coumot-Nash assumptions guaranteeing the reaction function stability
and equilibrium uniqueness will be assumed here: Vi < 0 and Vii Vi - VL Vii > 0. It is well
known that these conditions can be violated by quite reasonable specifications of Ri andf(zJ
(see Roberts and Sonnenschein, 1976). They are, however, satisfied for the standard case
involving linear demand functions, constant marginal costs, and uniform distribution of zi.
As in much of the literature and in the interest of focus, we leave open the more general
issue.
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Note that for any given repurchase decision Bi = Di - Ni, the output
strategy must satisfy (1.3). Thus, the impact of the repurchase decision Bi
on the output strategy qT(qj, iVi) can be seen from the partial derivative
aq?ldBi:

aqi*

z=

Vj,
- Vii

= Rj(&)f(iJ dZi/dBi
Vii
.

(1.4)

Since by assumption I?&(.) > 0, it follows from (1.3) that Ri(ii) < 0. Also,
from (1.2), dZ;ldBi = - l/R’,(ii) < 0. Since Vii < 0, it follows that dqFlaBi <
0. That is, repurchasing more debt decreases the output strategy of the
firm. Thus, debt buyback works in the opposite direction of the initial
debt, undermining its original commitment value.
Debt repurchases by the two firms are modeled as simultaneous, prorated, all-or-nothing,
take-it-or-leave-it
offers {Bi, ri} to their creditors.
The creditors will accept the offer if and only if the repurchase price ri
satisfies an appropriate individual rationality constraint. The assumption
of prorated, all-or-nothing, take-it-or-leave-it
offers serves two purposes.
First, it simplifies the bargaining problem between the stockholders and
debtholders in the issuing and repurchasing stages, by effectively giving
all the bargaining power and hence all the surplus to the stockholders.r2
Second, it solves a potential free-rider problem: Since the repurchase
reduces the amount of outstanding debt and generates output gains, if the
entire debt is not repurchased those creditors who do not accept the offer
stand to benefit from the reduction in bankruptcy risk and to share these
output gains with the stockholders. Such a free-rider problem would be
similar to the one in Grossman and Hart (1980) in the takeover context. I3
Given the all-or-nothing, prorated, take-it-or-leave-it offer, the stockholders will proceed with the repurchase if and only if all the creditors tender
their quota of debt. This makes every creditor pivotal, and thus eliminates
the free-rider problem. Furthermore, since the offer is prorated, all creditors will tender the same fraction of debt. This allows the stockholders to
extract all the surplus, avoiding financial expropriation by the creditors.
The creditors’ individual rationality constraint is satisfied if they are
offered the status quo value of their holdings. First, define
W'[qi

3

qj,

Di]

=

l'(")

R’(qT(DJ, qj 7zi)fkJ hi + Di[l - F(&(oJ)l

(1e-3

I2 Other schemes that allow for different divisions of the surplus are more complex, but
would not qualitatively alter the results.
I3 For analyses of the free-rider problem in the context of reorganizations, see Mooradian
(1988) and Gertner and Scharfstein (1991).
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as the status quo value of the existing debt Di. Then the stockholders’
problem at the repurchase stage is to
Ea; V’[qi ,

qj

, . r,

s.t.

, Ni] = Ci - ri + I trN) ,

ri + Wi[qF(qj,

{R’(qi*(Ni),

4j 3 Zi)

-

Nilf(Zi)

dZi

NJ, qj, NJ 2 W’[qi*(qj, DJ, qj, Dil,

(1.6)

where A’i = Di - Bi. The creditors’ individual rationality constraint in
program (1.6) requires that the cash offered plus the value of their residual
debt after the repurchase be at least equal to the value of their status
quo debt. Note that the repurchase can be equivalently interpreted as a
cash plus debt exchange offer for the original debt. The following proposition characterizes the equilibrium of the BL game with the repurchase
option.
PROPOSITION

1.1.

For any arbitrary

initial debt Di,

vi* = rT

Bf = Di
r*I = NJ) R’(qT , qj* 7 zi)f(zJ dzi + Di[ 1 - F(ii(Di))l
I5

where qg is the symmetrical
Cournot game.
Proof.

equilibrium

output in the standard unlevered

See Appendix.

That is, in equilibrium, both firms will repurchase all their debt and play
the unlevered Cournot-Nash
output game. Since the debtholders rationally anticipate the end game, the ex-ante issue price VT will be equal to the
repurchase price rT .
Proposition 1.1 formalizes the criticism of Holmstrom and Myerson
(1983) and Hart and Tirole (1988) as applied to the BL model: Firms have
an incentive to renegotiate contractual commitments that involve taking
suboptimal actions. This result obtains for two reasons. First, as BL
acknowledge, any leverage-driven overproduction
by both firms will be
unprofitable and is dominated by unlevered production. Second, in the
absence of either a credible commitment not to renegotiate or significant
costs of renegotiation,
the symmetric information structure in the BL
model allows the firms to renegotiate the debt with their creditors. Note
that the ex ante debt Di is rendered irrelevant and its choice, indeterminate. This observation leads to the following result.
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COROLLARY
1.1.
In the presence of arbitrarily small issue costs and
no other benefits, neitherjrm
will issue any ex ante debt in equilibrium.

We now introduce a simple asymmetric
model.

2.

THE ASYMMETRIC

information

structure to the BL

INFORMATION

GAME

The game in this section is the same as the game with full information,
save for the following modification: after stage 1, and before stage 2,
stockholders of firm 1 privately observe a signal s E {L, H} about the
realization of zI , where H is a “better” signal than L, in the sense of firstorder stochastic dominance (Milgrom, 1981): &l/H)
5 F(zl IL) and (Y =
P{s = H}.i4 Later, however, in order to prove the single crossing property
in the general case, we will need the condition

for any given level of residual debt and output strategies of the two firms,
where ir and if are the bankruptcy states corresponding to the two
signals. Condition (2.1) implies that the better signal indicates a lower
probability of bankruptcy in equilibrium. In the standard case where the
demand is linear, the marginal cost is constant, and zi is distributed uniformly, it is straightforward to show that first-order stochastic dominance
implies condition (2.1). In general, however, condition (2.1) is somewhat
stronger than first-order stochastic dominance. This is because the signal
has two opposing effects: if it improves the likelihood of profits, it may
also give the firm an incentive to produce more in stage 2, thus lowering
profits in bad states and increasing the bankruptcy state il. Therefore, the
natural definition of a good signal in this context is one that improves the
overall profitability and lowers the bankruptcy probability, accounting for
this overproduction
incentive. Given the generality of R’ andf(zJ in our
model, however, there exist no simple restrictions on the parameter space
that yield (2.1). Hence, in the interest of exposition, we shall use condition (2.1) as an assumption, keeping in mind that first-order stochastic
dominance will suffice in many cases, including the standard one.
Firm 2 observes no signal and has no private information. Note that the
game with asymmetric information has three (virtual) players-firm
H,
firm L, and firm 2. Accordingly, we generalize the assumptions on the
stability of reaction functions and the uniqueness of the equilibrium in the
Cournot game as follows: let Vii < 0, for i E {H, L, 2) and the determinant
I4 The alternative
in Section
4.

formulation

in which

firm

1 observes

its type

before

stage

1 is discussed
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of the Jacobian ]JI of the first-order conditions be negative (Takayama,
1985).‘5
Before studying the equilibrium for the entire asymmetric information
game, it is useful to consider the subgame starting in stage 2. In this
subgame, firm 1, having privately observed the signal s E {L, H}, determines, simultaneously with firm 2, the amount of debt to be repurchased
Bi, the repurchase price Ti, and subsequently, the amount of output qi.
Again, due to the reporting lag, the repurchase terms of the informed firm
become known to its competitor only after the output of the uninformed
firm is chosen. This also implies that the debtholders of firm 2 observe
only B2 and not B, , at the time they decide to tender their debt for
repurchase.
2.1.

The Uninformed

Firm

We first characterize the (uninformed) firm 2’s optimal strategies at the
repurchasing and production stages. Note that the output strategy of the
uninformed firm will depend on its (in equilibrium, correct) conjectures
about the output decisions of both types of the informed firm 1, (4:) qr}.
The output strategy of the uninformed firm is given by

where $‘(N2) and ii
are defined by R2(~y, q2, $) = N2, R2(q?, 42,
ii) = N2.
The status quo value of existing debt D2 at the repurchasing stage
depends on the output of both types of firm 1 and can be defined as
w2kK

k

q27021

=

q2,021

cyw2kK

+ (1 - (Y)W2[& q2,&],

where W2[qi, q2, D2] is as defined before in (1.5). Firm 2 chooses the
repurchase amount and its price by solving the program:
p2a,;

C2

-

~2 +

a I ’
$(Nd

{R2(&

+ (1 - 4 /&
s.t.

r-2 +

w2[qf’,

d,

I5 These are more conveniently

42W2h

{R2(d
45W2h

22)

3 42W2L
N21

2

-

Wf(zt)dz:!

~2) W2[d’,

N2U-(z2)
d,

qW2),

displayed as (A2) in the Appendix.

dz2
021.

(2.2)
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As before, the constraint in (2.2) guarantees the tendering debtholders at
least the expected value of their status quo holdings. The following lemma
characterizes the uninformed firm’s optimal repurchase strategy.
LEMMA
2.1. Given any initial level of debt D2, and for any output
choices (44, &} of the competitor, jirm 2 will optimally repurchase all its
debt, i.e., BZ = 02 at a price equal to W2[#, d, q?(Dz), Dz].

Proof.

See Appendix.

The intuition for the uninformed firm’s optimal strategy is similar to
that in the BL game: absent any private information, debt has no commitment value at this stage. If the debt has a buyback option, the uninformed
firm will fully repurchase all its debt, irrespective of its competitor’s
strategy in the output game. This renders the initial choice of D2 irrelevant, as we see later.
2.2.

The Informed

Firm

Consider now the informed firm 1 at stage 2, after its debt DI has been
announced and after it has privately observed the signal s E {L, H}. For
any given output of the uniformed firm q2, firm 1 makes a take-it-or-leaveit offer {BI , ri} and its debtholders accept or reject the offer. Given that
the firm has observed s and has repurchased BI of the outstanding debt
DI , its output choice q8 is given by

dT42,

NISI E arg m; I i;(N,IW'(q,, qz, z,) - Wf(zlls)&,

where ii(N,) is defined as R’(q, , q2, iS(NI)) = iV1, t/s E {L, H}.
At the output-repurchasing
stage, firm 1 faces a signaling problem,
since it moves first: its offer of B1 may reveal its private information s to
its debtholders. Therefore, its repurchase offer must satisfy the appropriate incentive compatibility constraint. Define the status quo value of the
existing debt Dl for the s type firm as

W’[q, , qz, DI IsI = p’“”

R’iq,,

qz,

z,lf(z,Js)dz, + D,[l - F(iS(D,))I.

As before, the debtholders will accept the offer if the sum of the proposed
repurchase price ri and the status quo value of the residual debt N, is at
least equal to the expected status quo value of the existing debt D, ,
rl

+

pW’[qT(N1IH),

q2,
NI,
HI + (1 - /-4W’[qT(Nl(L), 42, N,JLl
2 E.LW’[qT(Dd,qz, D,iHl + (1 - ,dWqT(D,), 42, D,lLl,
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where ,U represents the debtholders’ subjective (conditional) belief at the
accept/reject stage that the stockholders have observed the signal s = H.
Moreover, since the debtholders can condition their belief on the entire
history of the game thus far, the belief p will depend on the amount of
debt repurchased: p(Bi): [0, &] + [O, 11. Following the game theoretic
literature, beliefs of the form p(BJ = a, VBl E [O, Di] will be referred to
as passive conjectures.
As with many signaling games, there may exist both a pooling equilibrium and a continuum of separating equilibria. The following proposition
characterizes the pooling equilibrium for this subgame.
PROPOSITION
2.1. For any initial debt D1 and for any output level q2
chosen byfirm 2, there exists a pooling equilibrium {B?(s) = D, , rT 1Vs} in
the repurchase subgame betweenJirm 1 and its debtholders that is supported by passive conjectures, if

- rT +

I t’

R’iqT(q2,WJ, q23dfh

L I&,,,

bWz,

@‘[qT(qz, D,IU q2, z11- DJf(z, bdz,,

(2.3

where
r? =

Proof.

aW’[qTh, DdfO, 42,DI 7HI
+ (1 - 4W’[qRqz, D,I-U, 92,DI 3Ll.

The proof closely follows that of Lemma 2.1 and is omitted.

In the pooling equilibrium, both types of firm 1 recall all their debt at the
same (average) price rf . Clearly, the high-quality firm is willing to repurchase is entire debt in the pooling equilibrium because its debt is now
worth more than the average price. In contrast, the low-quality firm faces
the following tradeoff On one hand, it can benefit from repurchasing its
debt, since levered production is unprofitable; on the other hand, it is
forced to repurchase the debt at a loss, since the pooling price is greater
than its true value. Condition (2.3) guarantees that the first effect dominates the second and that the low-quality firm will also prefer to repurchase all its debt, as compared to the status quo.
Note that condition (2.3) represents a significant restriction on the parameter space. If it fails to hold, then the pooling equilibrium cannot exist.
Moreover, pooling equilibria are not very interesting if a single-crossing
property is satisfied and thus separating equilibria exist. This is because
the pooling equilibrium will not satisfy the intuitive criterion of Cho and
Kreps (1987), which is, in fact, satisfied by the least-cost separating equilibrium. The following definition will be useful later.
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DEFINITION.
A contract {D1, N,(s), ~,(s)IN,(s) = Di - B,(s), s = L,
N} is a lasting contract if it survives the intuitive criterion.

The following lemma will be useful in showing the existence of a separating equilibrium.
LEMMA 2.2.

(Single-crossing

property:)
(2.4)

Proof.

See the Appendix.

The single-crossing property implies that the maximum price at which
the stockholders of firm 1 are willing to repurchase their debt is different
for the two types. By condition (2. l), type H firm has a lower probability
of bankruptcy and, therefore, a debt with a higher value. Ceteris parabus,
type H firm will be willing to repurchase its debt at a higher price than
type L firm. This difference in their marginal willingness to pay opens up
the possibility of a separating equilibrium. In particular, the low-type firm
may find it optimal to reveal its true type to the creditors, if, in doing so, it
can repurchase its debt at a lower price. In what follows, we show that the
amount of debt repurchased can indeed convey such information giving
rise to a separating equilibrium. First, define 8, as

D,IH), 92, D,l HI + j-;R’[qth,

-W’[qITqz,
=
-

-W1[qT(42,

&IL1

+ I;?

ZAJL),
W1[qT(q2,

q2,
Dl

a

IL1+

W’[qT(q2,

OIHL m, z,lf(z,IH)dzr

D1 - &IL),

q2

7a

- b,IH), q2,z11- (01 - &Mz~lH)~z,.
(2.5)

That
debt,
only
type

is, hi is such that type H is indifferent between repurchasing all its
i.e., By = D1 while being perceived as H type, and repurchasing
gl < D1 at a lower price, conveying the (false) impression that it is
L. Note that the single crossing property (2.4) implies that B1 is
uniquely defined by Eq. (2.5).16
As indicated earlier, a common property of signaling games is that there
may be a contmuum of separating equilibria. These equilibria are characterized by repurchase levels B1 % Bl. They can be ranked from the point
of view of the informed firm, however, and it can be shown (see Cho and
Kreps, 1987) that the dominant (also known as the Riley or the least-costI6 See also the proof of Proposition

2.2
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separating) equilibrium alone will survive the intuitive criterion. Hence,
in what follows, we focus on the dominant separating equilibrium.
PROPOSITION 2.2. For any initial debt DI andfor any output q2 chosen
by $rm 2, the following is an equilibrium of the repurchase game:
-Type H offers {Br, rf} such that

By = D,
0 H = W’[qTh,

-Type

D,IHL

q2,

, HI.

DI

L offers {Bf , rf} such that
B:. = 8,
d

=

w

WYqt,

QkJ,

- W’[qT(qz,
This equilibrium
holders:

is supported

/-@I) =
Proof.

q2,
0

-

DI
&IL),

, Ll
42,

by the following

DI

-

81,

Ll.

beliefs held by the debt-

0

if Bl 5 L&

1

if Bl > 81.

See Appendix.

That is, in the dominant separating equilibrium, the high type repurchases all its debt at the price ry equal to the full-information
value of its
existing debt DI . The low type undertakes only a partial repurchase,
where the quantity and price of its debt repurchase {B,, rf} are chosen
according to (2.5) in such a way that the high type will not attempt to
mimic the low type-given
the above equilibrium beliefs.
Thus, the only equilibrium to survive the intuitive criterion is the dominant separating equilibrium. Interestingly, this result can be generalized
to cases with more than two types, in contrast to the standard signaling
models. This is because, in our model, the informed party proposes both
the repurchase amount Bl as well as the offer price rl .I7 Finally, note that
given our two-type information structure, the dominant equilibrium is
also divine in the sense of Banks and Sobel (1987).
Recalling the earlier definition, a lasting contract can now be written as
rf), (0, r?)}, where Nf = Dl - &, . It is easy to show that it is
@,,Wf,
interim incentive-efficient
and durable, in the sense of Holmstrom and
I7 See Cho and Kreps (1987, pp. 214) or Admati and Perry (1988) for more on this.
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Myerson (1983). It is also ex-post efficient, and strongly Cho-Kreps renegotiation proof in the sense of Maskin and Tirole (1992). We omit these
proofs.
Thus far, we have characterized the optimal unilateral behavior of each
firm in the output-repurchase
subgame for given strategies of the opponent. The following proposition summarizes the equilibrium of the outputrepurchase subgame in stage 2.
PROPOSITION
2.3. For any given levels of initial debt {D,, D2}, the
unique equilibrium that satisfies the intuitive criterion in the output-repurchase game is a strategy combination,
({(BT”, rT”, qr”), (BrL, rTL,
qfL)}, {Bf , rf, qf}) and a belief function t.~* (B,) such that

BT” = D,

6” = w’[qT”(Dd, qT,DIIW
BTL = 8,

rTL= WqTL(Dd, qT, &IL1 - WqTL(D, - BTLLqf , DI - BTLILl
qy = qTkd, DI - Wbl
Qs=L,H
Bf = D2

rT = W*[qT", sTL, qT(Dd, 021
4T = qTW", qTL90)
and
/-@I) =

Proof.
Follows immediately
is omitted.

0

if B, % &,

1

if B1 > 8,.

from Lemma 2.1 and Proposition

2.2 and

Proposition 2.3 says that, in the equilibrium of the output-repurchase
subgame, the high type of firm 1 as well as firm 2 repurchase all their debt,
while the low type of firm 1 undertakes a partial repurchase as in Proposition 2.2. The repurchase terms for the low type {BTL, rTL} are chosen such
that the high type will not attempt to mimic the low type in equilibrium.
The repurchase price of the uninformed firm rf is chosen according to
Lemma 2.1. The output of firm 1, qTS, will depend on its type s and the
residual debt DI - BT”, whereas the output choice of firm 2, 45, will
account for the possibility that it may be playing against an unlevered high
type or a levered low type of firm 1.
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From Propositions 2.2 and 2.3 it is clear that while the high type repurchases all its debt (N T” = 0), the equilibrium repurchase by the low type
BTL depends on Di . Moreover, the residual debt of the low type NrL = D,
- BTL > 0, and it will influence the choice of outputs by both firms in the
output game. We can write the equilibrium
outputs as {qTH(NTL),
qTL(NTL), q5(NTL)}. To demonstrate the commitment value of this residual debt, it is necessary to determine the impact of NTL on the output of
the uninformed firm.
2.3. The output of the uninformed firm is decreasing in the
residual debt of the type LJirm, i.e., dqfIdNTL < 0.
LEMMA

Proof.

See Appendix.

Lemma 2.3 illustrates the commitment value of the residual debt carried by the low-type firm. As in BL, this residual debt commitment forces
the rival firm to reduce its output. More importantly, here is also lastingas Propositions 2.2 and 2.3 indicate-since
the debt contract now is immune to renegotiation. It is interesting to note that the high-quality firm,
despite not carrying any debt ex post, benefits from this residual debt of
the low-quality firm. This is because the uninformed firm, uncertain about
the type of the informed firm, rationally anticipates the possibility of its
competitor being a low-quality one and cuts its output. Thus, both types
of the informed firm benefit from the residual debt commitment of the
low-type firm.

2.3

The ex ante Commitment

Value of Debt

Next, we turn to the analysis of the firms’ ex ante incentive to issue
debt. Since the uninformed firm repurchases all the debt it had issued
earlier, in the presence of even small but positive transaction costs, it has
no incentive to issue any in stage 1. Hence, we need to consider only the
ex ante incentives of the informed firm. Given the equilibrium output
levels {qTH(NTL), qTL(NTL), qf(NfL)} and the fact that the debt is fairly
priced, the ex ante expected value of the firm from an ex post residual
debt NTL is given by

EV = a I57Wd’WTL),

s&VL), zrlf(zdWh

+ (1 - a) r R’[qf(NfL),

I

Computing
get

the derivative

qz(NTL), z,lfhIWz,

. (2.6)

of this ex ante expected value at NTL = 0, we
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+ (I - CY)
r R:[q:., 92,zdf(zl IWzl $$T > 0. (2.7)
L

I

Thus, residual debt is desirable ex ante. We have proved the following.
PROPOSITION

2.4.

In equilibrium,

jirm I issues a positive amount of

debt ex ante.
Let DT be the equilibrium ex ante debt issued by the informed firm.18
Thus, in the game of asymmetric information, only the informed firm
gains a commitment value from debt. By committing itself to higher output, the informed firm obtains greater profits at the expense of the competitor. This result is similar to the one we would obtain in the basic BL
model, if only one firm is allowed to issue debt.
An empirical implication of (2.7) is that debt issues have a positive
announcement effect on the stock price of the informed firm, but a negative impact on that of the competing firm. The former is consistent with
the findings in Myers and Majluf (1986). Their paper differs from ours,
however, since the positive announcement effects of debt issues in their
paper derive from adverse selection alone, whereas the announcement
effects in our paper arise from the commitment value of debt. To distinguish the predictions of our model from that of Myers and Majluf (1986),
an event study could be conducted for the announcement effect on the
competing firm’s stock returns, not just on the firm that issues debt.

3.

TIMING

OF THE REPURCHASE

DECISIONS

In this section, we relax the assumption in Section 2 that the firms can
repurchase their debt just prior to their output choice and unobserved by
their competitors. We now assume that, in addition to the repurchase
option at the last stage examined earlier, both firms can repurchase all or
part of their debt before the last stage of the game as well. This process of
interim renegotiation is modeled as follows. Both firms, after firm 1 learns
its type, and before choosing their outputs, can again make simultaneous,
all-or-nothing, prorated, take-it-or-leave-it repurchase offers to their creditors.i9 The terms of these interim offers become common knowledge to
I* The interior solution can be obtained by setting the derivative of (2.6) equal to zero.
I9 There is a trivial possibility where firms can repurchase their debt before the private
information is received. Since debt repurchases executed at this stage are observable by the
competitor, the firms face the same problem as they did at the ex ante stage, when they were
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both firms and their respective creditors, well before the outputs are
chosen. Any debt outstanding after the interim repurchase will be subject
to possibly another round of renegotiation at the last stage, which will
proceed exactly as in Section 2.
Note that the new assumption of interim renegotiation does not change
either the equilibrium of the full information game in Section 1 or the
optimal strategies of the uninformed firm in the game of asymmetric information of Section 2.1. This follows from the fact that in either case debt
has no commitment value and it will be entirely repurchased at the last
stage, as in Sections 1 and 2.2, leaving the actual timing of the repurchase
in the expanded game indeterminate.
We, therefore, focus only on the
equilibrium strategies of the informed firm.
The informed firm has two nontrivial repurchasing decisions to make,
one at the interim stage and the other at the last stage. Note that the
difference in the timing of these two decisions lies in the fact that the
terms of the repurchase undertaken at the interim stage are known to the
competitor, whereas those done at the last stage are not. At the interim
stage, the informed firm faces a problem of signaling to two audiencesnamely, its creditors and the uninformed competitor-similar
to the one
studied by Gertner et al. (19t~B).*~The results in Section 2 suggest that if
both types of the informed firm pool in the interim, however, the informed
firm will still gain a commitment value from having some debt in its capital
structure at the last stage. We focus on such equilibria in this section.*’
The existence of equilibria in which both types of the informed firm
pool in the interim will depend on the relative gains from signaling in the
interim (the signaling value), rather than remaining anonymous (pooled)
in the interim until the last stage (the commitment value). There are two
possible benefits from signaling in the interim: First, by convincing its
creditors that. it is of lower quality, firm 1 may be able to buy back its debt
to issue debt. If both firms issued a positive amount of debt that is ex ante optimal, they will
have no incentive to repurchase any debt at this stage, before the private information is
received.
20The main differences between the games in the two papers are that we focus on the
commitment value of debt (in addition to its signaling value), and we examine an additional
single audience signaling problem at the last stage.
*i Equilibria in which the two types of the informed firm separate in the interim by
repurchasing all their debt at their (different) full information prices may also exist under
more restrictive conditions. An interesting question then is which equilibria will survive a
relevant refinement criterion. Our task is complicated by the possibility of sequential signaling by the informed firm, which requires more sophisticated refinement criteria, perhaps as
in Cho (1987). This issue is beyond the scope of the current paper. Nevertheless, given the
insight in Gertner et al. (1988), it seems likely that equilibria with interim pooling will survive
the criterion of perfect sequentiality,
eliminating equilibria involving separation in the interim.
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at a lower price, and the second incentive is to convince the competitor
that it is of high quality, so as to induce the competitor to cut its output.
Correspondingly,
two types of equilibria that involve pooling in the interim may result, depending on whether the commitment value exceeds
the signaling value in each of these two cases-which
in turn, depend on
the parameters of the model. Of the two equilibria, the one where the
alternative to pooling strategy for firm 1 is to convince both its creditors
and the competitor that it is of low quality is simpler, and hence will be
taken up first.
To this end, note that by influencing the competitor’s beliefs, the informed firm can affect the competitor’s choice of the equilibrium output in
the final Cournot game. Let qfL be the equilibrium output choice of firm 2,
if it believes that firm 1 is of type L, and qf = qf(NTL) if it believes that it
is of type H with probability (Yand that type L will have a residual debt of
NTL. It is easy to check that qfL > qtH and that qfL > qf . Define AV”(L)
as the incremental expected profit for an informed firm of type s from
being perceived as type H with probability (Y, rather than being perceived
as type L with probability 1 and having no residual debt. That is,

- I_zi R’[qT(qfL,O(s),qrL5z,1f(z,Iddz,5

(3.1)

where NTH = 0 and NTL > 0. Similarly, let A W,“(L) be the incremental
status quo value of the debt of a firm of type s, if it is perceived by its
competitor and creditors as type H with probability (Y, rather than as type
L with probability 1:

Denote the interim-stage strategies and beliefs with primes. We are now
ready to establish the existence of the following equilibrium outcome in
the subgame starting at the interim stage.**
** Since the equilibrium will be determined with respect to the beliefs of the two uninformed parties-namely,
the creditors and the competitor-there
may exist other less interesting equilibria as well. This is due to the possibility that their beliefs, if uncoordinated,
could be different. As in Gertner et al. (1988), we consider only coordinated beliefs that can
be achieved through, for instance, simple “cheap-talk” communication. For more on this,
see Farrell (1986).
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3.1.

For a given level of ex ante debt D1 , in the subgame
starting at the interim stage, there exists an equilibrium with pooling in
the interim where no debt is repurchased, followed by separation at the
last stage as in Proposition 2.3, if
PROPOSITION

AV”(L)
This equilibrium

> AWw”(L)

is supported

s = H, L.

(3.3)

by the interim beliefs

/A’@;) =
Proof.

V

*
{0

if

B;=O

else.

(3.4)

See Appendix.

This result can be understood as follows. The terms of debt repurchases
executed in the interim are observed by both the creditors and the competitor, determining their beliefs about firm l’s true type. Optimal strategy of the informed firm will then depend on the interactions of the effects
induced on the creditors and the competitor in the interim as well as in the
last stage of the game. As discussed in Section 2, debt has a commitment
value for the informed firm only if the two types are still pooled together
before entering the last stage. The informed firm then has the option to
forgo debt repurchases in the interim and postpone them to the last stage,
where it will behave exactly as in Proposition 2.3. Furthermore, given the
belief structure (3.4), type H of the informed firm has the option to repurchase all its debt in the interim, at a (lower) price reflecting the creditors’
beliefs that it is of the low type. These savings, however, obtain at a cost,
since the competitor will now infer that firm 1 is of low type and hence will
increase its output. A type L firm, in contrast, has the option to repurchase all its debt at its (low) full information price. Since if type L pools in
the interim, it will eventually repurchase only 8,) full repurchase in the
interim allows this type to avoid the overproduction losses resulting from
a partial repurchase in the last stage (the cost of the later separation).
These savings again obtain at the cost of inducing the competitor to increase its output. The incentive compatibility constraint (3.3) guarantees
that the benefits in the interim from the commitment value of debt outweigh the net gains from being identified as type L.
The second equilibrium, where the informed firm’s alternative to pooling in the interim is to convince its creditors and the competitor that it is
of higher quality, is more complicated for the following reason. Since the
competitor does not observe the final stage repurchase terms, the low
type can signal in the interim that it is of higher quality by repurchasing an
arbitrarily small amount of debt at a higher price, thus inducing its competitor to cut its output. Later on, in the final stage, it can repurchase up
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to 8, at the lower price, thus revealing its true quality, but only to its
creditorsz3 The incentive compatibility constraint for the second equilibrium, therefore, must account for this possibility. Accordingly, define
AV”(H) as the incremental expected profit for an informed firm of type s
from being perceived as type H with probability (Y, rather than being
perceived as type H with probability 1. That is,
AVXH)

= j-z R’[qT(qz*, NT+),

q2*, z,lf(z,Is)dz,

Similarly, let A W;(H) be the incremental status quo value of the debt of a
firm of type s, if it is perceived by its competitor and creditors as type H
with probability (Y, rather than as type H with probability 1:

We have the following

equilibrium.

PROPOSITION
3.2. For any initial debt D1 , a second equilibrium with
pooling in the interim exists in the subgame starting at the interim stage
where no debt is repurchased, followed by separation in the last stage, as
in Proposition 2.3, if

AV”(H)
This equilibrium

> AW”(H)

is supported
p’vw

Proof.

V

s = H, L.

(3.7)

by the interim beliefs
=

a!

if

1

else.

B;=O
(3.8)

See Appendix.

In the second equilibrium involving pooling in the interim, a firm of type
H faces the following incentives. If it does not repurchase any debt at this
stage, it will remain pooled with type L. Separation will then occur in the
23 Such a strategy is typically not credible in many sequential signaling games. It is a viable
strategy in our model because one of the audiences in the interim, namely the competitor,
does not observe the final stage signals. This feature is also different from that of the
sequential renegotiation of Beaudry and Poitevin (1!3!90),in which all the contracting agents
observe al/ the signals at every stage.
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last stage, when all its debt will be repurchased as in Section 2, at a price
reflecting an uninformed competitor and informed creditors. Since, as in
Proposition 2.3, type L will have residual debt and the competitor will
rationally anticipate this possibility, type H gains the commitment value
of debt. On the other hand, given the interim beliefs (3.8), by repurchasing
some or all its debt in the interim, the firm can signal a higher quality to its
competitor as well, and may possibly induce it to cut its output even
further. As a result, the cost of repurchase may be different for these two
strategies. A firm of type L, in contrast, faces the following incentives. If
it does not repurchase any debt in the interim, it will remain pooled with
type H until the last stage, when it repurchases fii at a lower price. On the
other hand, a firm of type L may repurchase an arbitrarily small amount of
debt in the interim, leading the competitor to believe that it is of type H,
forcing the competitor to reduce output. Subsequently, in the last stage,
the firm may still execute a partial debt repurchase, which will enable it to
reveal its true type only to its creditors, thus lowering the repurchasing
price. Condition (3.7) ensures that the benefits for both types from the
commitment value of debt dominates the overall gains from being perceived as type H, supporting pooling in the interim.
In summary, the informed firm may find in the interim conflicting incentives in the execution of debt repurchases. These derive from the fact
that, at this stage, the firm signals its private information to both its
creditors and the competitor. However, if the commitment value of debt
is sufficiently large and either condition (3.3) or (3.7) is satisfied, the
informed firm will not repurchase any debt in the interim, even if it has the
option to do so. In this case, the commitment value of ex ante debt
established in Proposition 2.4 will be preserved.
4.

EXTENSIONS

AND FUTURE

RESEARCH

Extending the model to include both firms being privately informed is
straightforward,
but messy. The results in this case will be similar to the
results in the present paper: Under conditions analogous to (3.3) and
(3.7), there will exist equilibria where both types of each firm will pool in
the interim, followed by separation in the last stage where high-quality
types of both firms will repurchase all their debt, while the low-quality
types of both firms will undertake partial repurchases. Since both types of
the two firms would have credibly committed to overproduce, neither firm
will gain any advantage in the output game, as in BL.24
The above discussion implies that the leverage option, if available to
24 There may be other reasons, such as predatory pricing, why firms may resort to aggressive output strategies with little debt. For instance, the Levitz Furniture Corporation had
almost no debt prior to its output expansion in the late 1960’s and early 1970’s and financed
most of its expansion with equity (Forbes, 1972).
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both firms, is suboptimal, and if there is some credible means for both
firms to commit themselves not to be levered, they may agree to do so ex
ante. One such case is a repeated game, which may involve a richer
strategy space, including tit-for-tat strategies that can eventually lead to
cooperative outcomes, similar to those in Abreu (1983) and Maksimovic
(1988). Such cooperative equilibria will be sustained by punishment strategies, or penal codes, that would severely punish a firm deviating from
unlevered Cournot-Nash
strategies in any period.
Tax considerations normally associated with debt issues can be easily
incorporated in our model. The value of tax shields serves to reinforce the
debt commitment,
further impairing the debt repurchase process. Debt
contracts will be even more robust to renegotiation in this case. As a
result, both the uninformed firm as well as the high-quality type of the
informed firm would retain residual debt in their capital structure, in
addition to the low-quality type. Both types of the informed firm and the
uninformed firm will overproduce, resulting in a loss of producers’ surplus as in BL. Whether or not the overall welfare is improved depends on
whether the value of the tax shields offsets the reduction in the producers’
surplus. Note, however, that while overproduction
decreases the producer surplus, it increases the consumer surplus. Thus, from a public
policy perspective, tax shields on debt have a competitive side effect:
They may increase competition in the output markets, thus increasing
consumer welfare.
It is interesting to ask how our results would be affected if Firm 1 learns
its type ex ante, before any debt is issued, while maintaining the repurchase options later on.25 In this case, the choice of the debt level itself
may convey information to the competitor and its creditors, similar to the
two-audience signaling problem analyzed in Section 3. The results from
that section suggest that under conditions analogous to (3.3) and (3.7),
equilibria may exist in this alternative formulation that involve pooling at
the ex ante stage-with
both types of firm 1 issuing the same level of debt
at the same (average) price-followed
by separation at the output-repurchase stage, along the lines of Section 3. 26 Thus, there will still remain a
useful role for residual debt as a lasting commitment device. More importantly, pooling at the debt-issuing stage implies that this reformulation
would be observationally
equivalent to the model in this paper.
5.

CONCLUSION

We have shown that debt contractual commitments can be made lasting
in the presence of asymmetric information. In the leveraged oligopoly
*j We are grateful to Anjan Thakor for raising this issue.
26Note that there is only one nontrivial option to repurchase, i.e., at the final stage, since
the interim stage collapses into the ex ante stage.

26

FULGHIERI

AND

NAGARAJAN

framework of BL, there exist equilibria that involve a nonzero residual
debt for the low-quality firm, which can be exploited by both types of the
informed firm, by forcing the competitor to cut its output. The insight is
that the low-quality firm may find its debt overvalued and may be willing
to separate itself from the high-quality type by undertaking a partial repurchase.
There are many examples in which debt commitments induce aggressive behavior in output markets. In the U.S. airline industry, the halfdozen highly leveraged airlines that operate under bankruptcy protection
are among the most competitive price setters in the industry. Consumerproduct firms such as RJR Nabisco, recently taken private using high
leverage (LBOs), are also aggressive in their brand name markets.
A potential test of our model will involve searching for announcement
effects of debt issue and repurchase by firms, not on their own stock
returns, but on their competitors’ stock returns. Such a test will be able to
isolate the impact of commitment from other traditional effects due to
debt, such as tax shields or other confounding events. The model in this
paper predicts that a debt issue will have a negative effect on the competitors’ stock returns.
Our results also have implications for prepackaged bankruptcy plans
that are increasingly being used to reduce the high cost of lengthy bankruptcy reorganizations. While there exists a risk of these plans unraveling
once the firm files for bankruptcy, they may well survive the bankruptcy
proceedings nearly intact if there is sufficient asymmetric information.
The fundamental insight used in this paper is that informational asymmetries may prevent contracting parties from making Pareto improvements ex post (which can otherwise be made under symmetric information), helping to sustain threats made ex ante to a third party, such as a
competitor. While the paper deals only with the case of debt contracts in
an oligopolistic market, the same insight can be extended to other types of
financial contracts (e.g., agency contracts) and other markets (e.g., capital markets) as well. We conjecture that the main insights from the literature involving agency contracts used as commitments (e.g., Fershtman
and Judd, 1987; Sklivas, 1987; Nagarajan, 1988; Dybvig and Zender, 1991;
and others) can be preserved using this approach.

APPENDIX
Proof of Proposition
binding at the optimum.
substitutions,

1.1. Note that the constraint in (1.6) will be
The objective function becomes, after making the
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F$X

eCBi)

=

Ci

+

[

R’(qT(qj,

~‘Vi)

LASTING

Di

-

Bi),
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qj9

Zi)f(Zi)dZi

and using the first-order

condition (1.3), we obtain

=

qj,

$
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Di), 4j3oil.

-Wi[qT(qj~

Differentiating

AS

I

[

Ri(qT(Di

-

Bj),

Zi)f(Zi)dZi

=-ad iXDt- ‘I) Rj(qF(Di - Bi), qj, zi)f(Zi)dZi > 0
I
dBi _I

since Rgzi) < 0 for all zi < ii(Di - Bi) and since we have already shown
that eqT/dBi < 0. The optimum is thus achieved at Bf = Die The repurchase price is given by, Ti = W’[qF(qj, Di), qj, Di]. The rest of the results
follow easily. n
Proof of Lemma 2.1. This proof closely follows that of Proposition
1.1, and hence only an outline is given here. As in Proposition 1.1, the
constraint will be binding, and the program reduces to

+ a I ’ R*[qi’,
I

qzW2 - B2h z2Mz2)dzz

+ (1 - a) I’ Z?*]q:, q?(D2 - B2)r z2lf(z2)dz2.
z
Since qf(qf , qf , D2 - B2) maximizes only the equity value, the maximum
here is obtained at Bf = D2. w
Proof of Lemma 2.2.
informed firm’s objective

At stage 2, for a given residual debt IV,, the
function is given by

Vdq1, q2 7NI ISI
= CI - rl + liIN,){RTqT(q*, Nld,
-ah

aB1 6

=-- VB,
vr,
= 1 - F(z^*ls),

and the result follows easily from (2.1).

n

42,

211- NJ f(z,lMz,.
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Proof of Proposition 2.2. Let W’“(Bt) = W’[qf(q~, &Is), 42, Dllsl W1[qf(q2, IIt - Bt Is), q2, II1 - Bt Is]. Given the specified belief function,
the individual rationality constraint for the debtholders is satisfied if

rl L

W’L(B~) ifBt 58,
else.

W’H@~)

(AlI

Note that the above constraint must be binding at the optimum. We must
show that, given the above constraints, firm 1 chooses BI = Dl if it is of
type H, and B1 = fi, if it is of type L.
Consider first type H. From Proposition 1.1, we know that (0, , rr} is a
global optimum when type H optimizes over the full information constraint rl 2 WIH(BI) for all B1. We now need to show that this optimum is
unchanged when the constraint becomes (Al).
Claim.

8, is the unique solution to (2.5).

Suppose that this claim is not true and let there be another solution h,
such that 8, A< 8, (WLOG). By the single crossing property of
Lemma 2.2,8, and 8, will pot be on the same indifference curve of
type L, and furthermore, 8, will dominate 6, for type L. But this
contradicts Proposition 1.1.
Since 81 is unique, all the offers rl = WIL(B1), where B, < fi, must be
dominated by those on the indifference curve of type H through {B, = D, ,
47.
Consider now the optimization problem of type L. Proposition 1.1 again
implies that this type prefers 8, to any other Br < 8,. Furthermore, the
single crossing property implies that {rf , &t} is at least as good as {rr , D,}
and strictly dominates any choice {BI , WIH(BI)} for 8, < B1 < DI . n
Proof of Lemma 2.3. For any level of residual debt NTL, the equilibrium outputs must satisfy the following first-order conditions:
Vr = lz; Rt[q?,

a, z,lf(z,lH)& = 0

Vf = 1; R;[q:.,
I

~127

v; = a If R&g?,

Z,lfk&)&

q2, z2lf(z&iz2

= 0
+ (1 - 4 l)?:[q:.,

= 0.
Totally differentiating,

by Cramer’s

rule,

642)
q2, zzlf(zz)dzz
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where IJI is the Jacobian determinant of the system (A2) and is assumed
to be negative. The numerator 1J21is given by
G
1521

=

0

0
v:*

=

-

v::

VCV

vt,

v&v

v:,

0

vf&,

-

vyQ+,

where Vs and Vf, are negative from second-order

a2v2
v:, = -=(y
aq2aqf

v:,

<

conditions

0,

and

I-I’ R:h&‘, 429zzlf(zzWa< 0

v;, = - a2v2 = (1 - a) li’ R:dq:., 42,zzlfh)dzz < 0
aq2a44
ai?
a2VH
=
VH _
-Rf[&
42, iwcw)
dN*L ’ 0
IN - aqfaNrL
I
aif
aWL
vfp/ =
= -z?l[q:., 92, ifwGwJ
aN*L > 0.
aqBaNfL
1
Thus, dq,ldNTL

< 0.

n

Proof of Proposition 3.1. If types H and L pool in the interim, their
true type will not be known to either their creditors or firm 2 at this stage.
Both types will enter the final stage with all the debt they had issued ex
ante, and the equilibrium of the final stage will be as in Proposition 2.3:
BfL = 8,, B TH = D1 and rl*H > rTL . The equilibrium output choices are:
{qTH(NTL), qTL(NrL), qf(NfL)}.
To show that this equilibrium obtains
under condition (3.3), rewrite it using (3.1) and (3.2) as

1 I &%[qT(qSL,

OIs),qTL, z,lf(z,b)dz~

- WqT(siL, W),

dL, QILI,

(A3)

where NTH = 0 and NTL = D, - fii > 0. The left-hand side of (A3)
represents the payoff to type s from not repurchasing any debt and pool-
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ing in the interim and separating in the last stage. The right-hand side is
the payoff from undertaking a complete repurchase in the interim and
being perceived as type L, as per the beliefs (3.4). The result follows from
the fact that type H strictly prefers to repurchase all its debt in the interim
at the lower price, while type L is indifferent between repurchasing at the
interim or later. n
ProofofProposition
3.2. The equilibrium strategies with interim pooling followed by final stage separation will be exactly as in the Proof of
Proposition 3.1. To show that it is obtained under condition (3.7), rewrite
it using (3.5) and (3.6) as

- W’[qlWH, Qb), qfH, Obl,

(A41

where NTH = 0 and NTL = DI - BI > 0. As before, the left-hand side
represents the payoff to type s from not repurchasing any debt and pooling in the interim. For type H, the right-hand side represents the payoff
from full repurchase at the high price (in the interim or in the last stage)
and, for type L, the payoff from repurchasing $E worth of debt in the
interim at the higher price and the rest of I?, at the lower price in the final
stage, according to the beliefs (3.8). w

REFERENCES
ABREU, D. (1983). “Repeated Games with Discounting,” Unpublished Ph.D. dissertation,
Princeton University.
ADMATI,
A., AND PERRY, M. (1988). Strategic delay in bargaining, Rev. Econ. Stud. 54,
345-364.

P., DEWATRIPONT,
M., AND REY P. (1989). “Renegotiation Design under Symmetric Information,”
Working paper, MIT.
ALLEN,
F. (1988). “Capital Structure and Imperfect Competition in Product Markets,”
Working paper, University of Pennsylvania.
BANKS, J., AND SOBEL, J. (1987). Equilibrium
selection in signaling games, Econometrica

AGHION,

55, 647-662.

P., AND POITEVIN,
M. (1990). “Signalling and Renegotiation in Competitive
Contractual Markets,” Working paper, CRDE.
BHATTACHARYA,
S., AND RITTER, J. (1983). Innovation and communication: Signalling with
partial disclosure, Reu. Econ. Stud. SO, 331-346.
BEAUDRY,

CONTRACTS

AS LASTING

COMMITMENTS

31

BRANDER, J., AND LEWIS, T. (1986). Oligopoly and financial structure: The limited liability
effect, Amer. Econ. Rev. 76,956-970.
CHO I-K. (1987). A refinement of sequential equilibrium, Econometrica
55, 1367-1389.
CHO, I-K., AND KREPS, D. (1987). Signalling games and stable equilibria, Quarf. J. Econ.
102, 179-222.
DEWATRIPONT, M. (1988). Commitment through renegotiation-proof
contracts with third
parties, Rev. Econ. Stud., 55, 377-390.
DEWATRIPONT, M., AND MASKIN, E. (1990). Contract renegotiation in models of asymmetric information, Europ. Econ. Rev. 34, 31 l-321.
DIXIT, A. (1980). The role of investment in entry deterrence, Econ. J. 90, 95-106.
DYBVIG, P., AND ZENDER, J. (1991). Capital structure and dividend irrelevance with asymmetric information, Rev. Finan. Stud. 4, 201-219.
FARRELL, J. (1986). “Meaning and Credibility in Cheap-Talk Games,” Working paper, GTE
Labs.
FERSHTMAN, H., AND JUDD, K. (1987). Equilibrium incentives in oligopoly, Amer. Econ.
Rev.

77, 927-940.

FORBES (1972). Levit(z)ation, 109-3, 16-18.
GERTNER, R., GIBBONS, R., AND SCHARFSTEIN, D. (1988). Simultaneous signaling to the
capital and product markets, Rand J. Econ. 19, 173-190.
GERTNER, R., AND SCHARFSTEIN, D. (1991). A theory of workouts and the effects of
reorganization law, J. Finance 46, 1189-1222.
GIAMMARINO, R. (1989). The resolution of financial distress, Rev. Finan. Stud. 2, 25-47.
GROSSMAN, S., AND HART, 0. (1980). Takeover bids, the free-rider problem, and the theory
of the corporation, Bell J. Econ., 11, 42-64.
HART, O., AND MOORE, J. (1989). “Default and Renegotiation: A Dynamic Model of Debt,”
Working paper, MIT.
HART, O., AND TIROLE, J. (1988). Contract renegotiation and Coasian dynamics, Rev. Econ.
Stud.

55, 509-540.

HAUGEN, R., AND SENBET, L. (1978). The insignificance of bankruptcy costs to the theory
of optimal capital structure, J. Finance 33, 383-393.
HEINKEL, R., AND ZECHNER, J. (1990). “Debt Payment Structure, Optimal Default Decisions and Capital Structure Renegotiation,”
Working paper, University of British Columbia.
HELLWIG, M. (1977). A model of borrowing and lending with bankruptcy, Econometrica
45,
1879-1906.
HOLMSTR~M, B., AND MYERSON, R. (1983). Efficient and durable decision rules with incomplete information, Econometrica
51, 1799-1819.
HLJBERMAN, G., AND KAHN, C. (1988). Limited contract enforcement and strategic renegotiation, Amer. Econ. Rev. 78, 471-484.
Investment Dealers Digest Information Services (1991).
MAKSIMOVIC, V. (1987). “Optimal Financial Structure and Value Dissipation in Imperfect
Product Markets,” Discussion paper, University of British Columbia.
MAKSIMOVIC, V. (1988). Capital structure in repeated oligopolies, Rand J. Econ. 19, 389407.
MASKIN,
E., AND MOORE, J. (1988). “Implementation and Renegotiation,” Working paper,
Harvard University.

32

FULGHIERI

AND

NAGARAJAN

MASKIN, E., AND TIROLE, J. (1992). The principal-agent relationship with an informed
principal, II: Common values, Econometrica 60, l-42.
MILGROM, P. (1981). Good news, bad news: Some representation theorems, Bell J. Econ.
12, 380-391.
MOORADIAN, R. (1988). “Recapitalizations and, the Free-Rider Problems: Bankruptcy Costs
and the Theory of Capital Structure,” Working paper, University of Florida.
MYERS, S., AND MAJLUF, N. (1984). Corporate financing and investment decisions when
firms have information that investors do not have, J. Finan. Econ. 13, 187-221.
NAGARAJAN, S. (1988). “Managerial Resistance as a Precommitment Device: A Theory of
Takeover Resistance,” Working paper, McGill University.
RAVID, A., AND SPIEGEL, M. (1989). “Multiperiod
Environments and the Strategic Use of
Financial and Contractual Commitments,” Working paper, Columbia University.
ROBERTS, J., AND SONNENSCHEIN, H. (1976). On the existence of Coumot equilibrium
without concave profit functions, J. Econ. Theory 13, 112-l 17.
SKLIVAS, S. D. (1987). The strategic choice of managerial incentives, Rand .I. Econ. l&452458.
TAKAYAMA, A. (1985). “Mathematical Economics,” 2nd ed., Cambridge Univ. Press, London/New York.
TITMAN, S. (1984). The effect of capital structure on a firm’s liquidation decision, J. Finan.
Econ. 13, 137-151.

