
Journal of Financial Economics 29 (1991) 137-171. North-Holland 

Opportunistic underinvestment in debt 
renegotiation and capital structure* 

Yaacov Z. Bergman 
Brown Unicersity, Providence, RI 02912, USA 

Jeffrey L. Callen 
The Hebrew Unicersiry, ferusalem 91905. Israel 

Received October 1989, final version received November 1990 

This paper models debt renegotiation as a bargaining game between debtholders and share- 
holder-oriented management, in which management credibly threatens to run down firm assets 
to force concessions from the creditors. Creditors anticipate this opportunistic behavior by 
management, creating an upper bound on debt capacity that is less than the value of the firm. If 
an advantage to debt is introduced, such as favorable tax treatment, an interior optimal capital 
structure obtains even in the absence of realized bankruptcy costs. Our model also explains 
variations in debt-equity ratios and the use of certain puzzling debt covenants. 

1. Introduction 

Myers (1977) suggests that the existence of debt in the capital structure of 
the firm leads to an underinvestment problem because a firm with outstand- 
ing debt will have an incentive to forego future investment opportunities if 
the benefits accrue to bondholders rather than shareholders. Aivazian and 
Callen (1980) argue, on the other hand, that debt renegotiations will ensue in 
such cases, and efficiency will be restored. The purpose of this paper is to 
offer a reconciliation and synthesis of these two approaches, and to obtain 
new insights by explicitly modeling the strategic behavior of the agents within 
an equilibrium framework. We assume throughout that management acts 
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strictly in the shareholders’ interest in order to focus on the agency problems 
associated with the bondholder-shareholder conflict, and we write inter- 
changeably about the shareholders’ actions and management’s actions on the 
shareholder’s behalf. [For the classical treatment of the shareholder-man- 
agement agency issue, see Jensen and Meckling (1976I.l 

The prospects of a firm are usually uncertain at the inception of the debt 
contract, and firm value at debt maturity may barely suffice to repay the 
promised amount. We submit that, if this happens, management will opti- 
mally use its discretion over the investment decisions of the firm to wrest 
concessions from the firm’s creditors by threatening to sap firm value through 
suboptimal investment policies. 

We find that when the value of the firm falls below a certain cutoff level, 
such opportunistic behavior becomes optimal even if the firm is solvent, and 
shareholders stand to lose from carrying out their threats. As long as the 
potential loss is ‘small enough’, threats will be communicated and creditors 
will accede to ‘reasonable’ demands. We suggest that, in many instances, 
this type of exchange underlies debt renegotiations between owners and 
creditors.’ 

Creditors rationally expect this opportunistic behavior on the part of 
debtors. They deduce that, when the firm increases the debt face-value while 
maintaining the same investment plan, there is an increased probability that 
the debt contract wiIl ultimately be renegotiated to the creditor’s disadvan- 
tage, which creates an upper bound on the amount of debt in the financial 
structure of the firm. This upper bound - or debt capacity - is less than the 
value of the firm. 

It follows that, in an environment otherwise free from imperfections, 
capital structure does not matter as long as the debt level is fess than the 
debt capacity; debt levels beyond it are simply unattainable. However. if an 
advantage to debt is introduced - tax-deductibility of interest expense plays 
the required role in this paper - then an interior optimal capital Structure 
(positive optimal debt and equity values) ensues, in which the debt level is 
pushed all the way up to the debt-capacity barrier. 

Some theories of capital structure [e.g., Kraus and Litzenberger (1973), 
Scott (1976), Kim (1978)l have suggested that bankruptcy costs prevent pure 
debt financing when debt is advantageous. However, to serve that purpose, 
realized bankruptcy costs must be rather large so that, coupled with an 

‘Two spectacular debt-renegotiation processes are currently under way in Israel. One involves 
the Kibootsim (ideologically-motivated communes) whose population of about 100,000 collec- 
tively owes Israeli banks an amount of close to four billion dollars. Their negotiating team 
effectively uses the term ‘burning of repayment power’ to convey an explicit threat. The other 
involves Coor, the Israeli Labor Union-owned conglomerate, which has S2-t million in owners’ 
equity and which owes Israeli and American banks and bondholders about 2 bilfion dollars. 
Interestingly, the ‘project’ that Coor threatens to destroy is a government aid program designed 
to save it from bankruptcy. 
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empirically small bankruptcy probability, expecred bankruptcy costs would 
still be significant. But in fact, the significance of realized bankruptcy costs 
has been called into question both on empirical [Warner (197711 and on 
theoretical [Haugen and Senbet (1978,19881] grounds. In contrast, our model 
implies an interior capital structure even in the absence of realized bankruptcy 
costs. 

Our model also explains variations in capital structure across industries. It 
is well known that firms with a large proportion of intangible assets tend to 
have rather low debt-to-equity ratios [Brealey and Myers (1988, p. 40711. We 
suggest that the management of such a firm is in a better position to 
successfully renegotiate away value from its debtholders and. consequently, 
can borrow less in equilibrium. 

A related issue is the existence of certain debt covenants that seem 
superfluous, because they require the firm to refrain from actions that hurt 
the shareholders as well as the bondholders. Our model suggests that the 
purpose of these covenants is to place an ex ante limit on management’s 
bargaining power in debt renegotiations in order to increase the debt 
capacity of the firm, which in turn increases Iirm value because of the 
benefits of debt. 

In section Z we discuss the underlying assumptions of the model. Section 3 
presents the model as a noncooperative game in which an entrepreneur 
incorporates a project and sells claims on the firm’s after-tax cash flows in the 
form of equity and debt. When the firm falls on bad times, shareholders and 
bondholders renegotiate the terms of the debt to the shareholders’ advan- 
tage. Section 4 presents the (unique subgame-perfect) equilibrium of the 
game. Section 5 discusses the empirical implications of the model for corpo- 
rate debt policy, debt covenants, and the magnitude of settlements in debt 
renegotiations. Section 6 concludes the paper, and an appendix contains the 
proofs of the propositions. 

2. Some pre-modeling issues 

We assume initially that debt contracts contain no debt covenants, sinking 
fund provisions, or coupons. This will allow us to focus on the usefulness of 
these standard debt provisions in mitigating the problems that may arise from 
management’s threats to undertake suboptimal investment policies. We also 
assume that the firm’s creditors cannot neutralize management’s threats by 
forcing the firm into involuntary bankruptcy under a court-appointed trustee. 
In fact, few firms are ever forced into involuntary bankruptcy by their 
creditors [White (1989)]. In the first place, as long as the firm is solvent and 
shareholders can meet their current debt obligations, the courts are unlikely 
to accede to a bankruptcy petition. Secondly, as long as the management is 
reasonably subtle in its threats, mismanagement on its part may be quite 
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difficult to prove. Thirdly. even if creditors could petition for bankruptcy or 
liquidation of the firm, it may not be in their interest to do so, especially if 
the firm’s product is reputation-dependent [Titman (1984) and Jackson (1986, 
pp. 203-204)] or if much of the firm’s growth potential resides in the 
firm-specific skills of the management or of major shareholders. For example, 
Butters et al. (1981, p. 307 - the DTI case) describe a manager-owner 
extorting concessions from a banker-creditor by threatening to simply walk 
away from his electronics start-up firm. 

Even if creditors are willing and able to force the firm into bankruptcy, it 
by no means implies that the court will appoint a trustee. The courts have 
ruled consistently that management shall provide a plan of reorganization 
and control that process [White (1989, p. 139)]. For the courts to appoint a 
trustee, creditors must show cauSe which is defined as ‘fraud, dishonesty, 
incompetence, or gross mismanagement’ [Section 1104(a) of the Bankruptcy 
Code, Title 11, United States Codes]. Mere management indiscretion is not 
sufficient. 

In addition, trustees have been generally known to be poor managers, 
either because they lack the necessary operating expertise or because they 
are uninterested [Baird (1986) and McCafferty and Holthus (198611. Rather 
than being the salvation of the creditors, the appointment of a trustee can be 
the effectuation of managements’ threats. 

Arguably, managers may shun opportunism on behalf of their shareholders 
in order to maintain a good reputation. But reputation effects only mitigate 
and do not eliminate post-contractual opportunistic behavior, as pointed out 
by Klein and Leffler (1981). Furthermore, reputation for business oppor- 
tunism may not be detrimental to a manger who wants to cultivate an image 
of shrewdness. If the incumbent management team shuns such a stratagem, a 
more astute team could be hired or even take over the firm. 

3. The model 

We analyze the life cycle of the firm as a noncooperative game with 
complete and perfect information (and with uncertainty) played by three 
players: an entrepreneur, a group of bondholders, and a group of sharehold- 
ers. (The separation of entrepreneur from shareholders is for ease of exposi- 
tion only.) We assume that agents are risk-neutral. (Risk-aversion does not 
alter the chief results.) In order to provide a motive for debt in the capital 
structure of firms, we assume that corporate earnings are taxed at a rate T 
and interest expense is tax-deductible. There are no personal taxes. 

The game, in its extensive form, is depicted in fig. 1. At time t = -5, the 
entrepreneur owns a project which at time t = 1 returns a random net 
operating profit (earnings before interest and taxes) of P dollars, provided 
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Entrepreneur 
Shareholders 

r 
3 No 

Renegotiation 

Fig. 1. The global game in extensive form. 

An entrepreneur sells claims to his project consisting of bonds with a total face-value F to 
bondholders. who collectively bid D, and the residual claim (equity) to shareholders, who 
collectively offer E. Nature subsequently reveals the firm’s pre-tax profit P, and shareholders 
then decide whether or not to renegotiate the debt contract. The (subgame-perfect) equilibrium 

in the game is constructed by backwards induction in a retrograding sequence of propositions. 

that an optimal investment plan is followed from time zero to time 1. 
However, if an alternative, suboptimal investment plan is employed until time 
t (between 0 and 1) and only from then on is the optimal investment plan 
adopted and followed, the earning capabilities of the project deteriorate, and 
the operating profit at time 1 reduces to d(t)P dollars. We call d(s) the 
deterioration function and assume that it continuously decreases in t from 
d(0) = 1. The value of the operating profit P is drawn at time t = -2 
according to a probability distribution function @(. > with density 4(e) (both 
known to the players). It is also assumed that the random profit P has a 
finite expectation. Times -5 to 1 are so labeled to clarify the sequence of the 
players’ moves, but for simplicity the time interval between r = -5 and 0 is 
assumed to be infinitesimal. 
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The global game, which begins at time f = - 5 and continues until time 
t = 1, will be denoted G_ j. At time t = -5. the entrepreneur incorporates 
the project and sells claims to the newly formed firm by issuing two types of 
securities to a competitive capital market: (i) pure discount bonds, whose 
purchasers are promised collectively F dollars (the face-value) at time 1, 
and (ii) stock, whose purchasers control the firm. A strategy for the en- 
trepreneur - acting as a von Stackelberg leader - is to set the level of F. 
Given F, competitive bondholders decide at time t = -4, when subgame 
G_,(F) commences, on the dollar price D(F) they are willing to pay 
collectively for the debt issue. Given F and D, competitive shareholders 
decide at time t = - 3, when subgame G_,(F, D) starts, on the dollar price 
E(F, D) they are willing to pay for the equity. (We let the bondholders make 
their purchase decision before the shareholders, because this greatly simpli- 
fies the mechanics of the solution. Reversing the order does not affect the 
results.) 

At time t = - 1, after the debt and the equity are purchased-and after the 
random amount of pre-tax profit P that the firm can capture - given that it 
adheres throughout to the optimal investment policy - becomes known, 
subgame G_ ,(F, D, E, P) begins in which the shareholders move first and 
decide whether or not to launch debt renegotiations. If the shareholders 
decide at time t = - 1 not to renegotiate the debt, then the game terminates: 
the firm earns its profit at time 1, pays it taxes, and distributes the after-tax 
profit to its claimants according to strict priority rules. If the shareholders 
decide to renegotiate, then they trigger the debt renegotiation subgame 
G&F. D, E. P) at time 0 by communicating to the bondholders a threat to 
adopt the suboptimal investment policy, unless the latter accede to the 
shareholders’ demands to reduce the debt. It is assumed that the firm’s 
deterioration profile dt.1 is known to both negotiating parties. The threat is 
not revealed to outsiders or to the courts. Although creditors could always 
divulge shareholders’ intent to the courts, the latter would require clear-cut 
evidence to act. We assume that shareholders are sufficiently sophisticated in 
their approach that no such evidence is available. 

The debt renegotiation subgames G,(F, D, E, P), illustrated in fig. 2, are 
modeled similarly to Rubinstein’s (1982) sequential bargaining game for two 
players who bargain on how to divide a shrinking asset. There is an essential 
difference, however. In our model, the size of the contested asset and the 
bargainers’ strategic proposals on how to divide that asset must be deter- 
mined simultaneously, because it is the after-cur profit which is divided 
between the two contestants. Thus, a proposed distribution to the bondhold- 
ers determines the amount of tax-deductible interest effectively paid on the 
debt which, in turn, affects the amount of corporate tax paid, and therefore 
also the amount of after-tax profit to be divided between the shareholders 
and the bondholders. 
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court 
imposes partition I 

n=N 

Fig. 2. The renegotiation subgame (see fig. I). 

If shareholders decide to launch debt renegotiations, the bargaining subgame commences at 
time 0. Shareholders simultaneously embark on the suboptimal investment policy, which causes 
the firm’s earning capabilities to deteriorate. Bargaining takes place in N rounds of duration A, 
in which shareholders and bondholders alternate in making offers and counter-offers (S,,. B,,) on 
how to divide the remaining after-tax profits. If there is no agreement. the bankruptcy court 

steps in and imposes a resolution of the conflict at time 1. 

Formally, bargaining takes place in N rounds of e,qual length LI = l/N, 
spanning the time interval [O, 11. Roles alternate from one round to the next; 
one party proposes how to divide the after-tax profit, and the other either 
accepts or makes a counteroffer. Because we use backwards induction in 
solving for the equilibrium, it is convenient to number the rounds backwards 
so that the first round (at r = 0) is numbered n = N and the last (at t = 1) is 
numbered n = 0. 

Round n (n = N, N - 2,. . ., 1; N odd) of the debt renegotiation occurs 
after the suboptimal investment policy has been in effect for the last (N - n) 
bargaining rounds, at which time the earning capabilities of the firm have 
already deteriorated to the point where they can only generate a pre-tax 
profit of 13, P = d[( N - n)d]P dollars (note this definition of 6,). The share- 
holders propose to pay the bondholders B, dollars at time t = 1 to discharge 
the whole debt, which leaves the shareholders S, dollars after paying corpo- 
rate taxes. The assumptions that N is odd and that the shareholders make 



144 Y Z. Bergman and J. L. Callen. Gamesmanship. debt renegotiation. and caplral structure 

the first proposal are of minor consequence. When the duration of each 
bargaining round tends to zero, those assumptions become immaterial. 

The tax code, assumed here, recognizes as tax-deductible interest that 
amount which the bondholders actually receive over and above what 
they originally paid for the debt issue, regardless of the amount they 
were promised as repayment. In our model. this tax-deductible interest is: 
max( B, - D,O). Consequently, any proposed partition, (S,, B,), of the firm’s 
after-tax profits must satisfy what we call the partition-feasibifity condition: 

After-Tax Profit = S, + B, 

(1) 

where the last term is the tax shield. The feasibility condition (1) demon- 
strates the distinction between our model and Rubinstein’s, namely, that the 
size of the partitioned asset - after-tax profit - and the partition itself are 
determined simultaneously. 

The bondholders choose to either accept or to reject the shareholders’ 
offer in round n. If they accept it, the agreement is signed into a new 
contract - legally termed a composition - replacing the original one, and 
bargaining ends without further loss in the firm’s earning capabilities. If, on 
the other hand, the bondholders reject the offer, then the suboptimal 
investment policy stays in effect, so that (time 1) profit deteriorates further to 
6, _ , P dollars. In the next round, n - 1, it is the bondholders’ turn to make a 
counteroffer, that is, an amount B, _, that they are willing to accept at time 
t = 1 to discharge the original debt, which also implies an amount S,_, that 
the shareholders receive. If the shareholders accept, they switch to the 
optimal investment policy, deterioration ceases. and bargaining terminates. If 
they reject the counteroffer, the firm’s profit is again allowed to deteriorate 
until round number n - 2, when it is again the shareholders’ turn to move as 
in round n. The bargaining process continues in this fashion, terminating 
either when an offer is accepted by one of the bargaining parties or at debt 
maturity time t = 1. 

The model requires that when a player receives a refusal, it cannot retract; 
the value of the firm must deteriorate for another bargaining round. But 
realistically there must be some delay between the decision to retract and its 
implementation. When the duration of a bargaining round is shorter than the 
delay, the latter becomes an ironclad commitment. Interestingly, this chain of 
miniature commitments drives the sequential bargaining model. 

Although by assumption the bondholders cannot force the firm into 
bankruptcy prior to the debt maturity time t = 1, if the shareholders are not 
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able to pay the face-value of the debt at that time, a trustee is appointed 
under Chapter 7 proceedings and the firm is liquidated. Alternatively, one 
can view the negotiations as taking place under Chapter 11 reorganization 
with r = 1 as the date at which the reorganization attempt is abandoned and 
a Chapter 7 liquidation occurs. According to this scenario, the bonds have 
covenants or coupon payments which were violated, leading to a formal 
bankruptcy reorganization. However, either the courts will not appoint a 
trustee at the bondholders’ behest prior to time 1, because the courts are not 
convinced of the shareholders’ nefarious intent, or the trustee, if appointed, 
will not save the firm from deterioration. Essentially, although a detailed 
bargaining process takes place in the background, shareholders are suffi- 
ciently adept so that the game remains invisible to the courts. 

We assume that the profit at time 1 - whatever the amount - is divided 
between the bondholders and the shareholders according to strict priority 

rules, because in Chapter 7 liquidations absolute priority rules are bound to 
hold [White (1989) and Franks and Torous (1989)]. Alternative bankruptcy 
codes for assigning different priorities in liquidation could be incorporated, 
but each such rule wou!d imply a different partition of the pie in debt 
renegotiations. 

At time r = 1, the firm earns the pre-tax operating profit, which is deter- 
mined by the remaining earning capabilities of the firm according to the 
outcome of the renegotiation subgame. If debt renegotiations have not taken 
place, that profit is P, and if renegotiations occurred and were terminated in 
round n, the profit is 6,P. In either case, corporate taxes are paid, the 
bondholders receive an amount B(P; F, D) and the shareholders receive 
SCP; F, D). 

Recall that the bondholders and the shareholders make their purchase 
decisions before the uncertainty about the firm’s (optimal policy) profit 
potential is resolved, and that agents are risk-neutral. The payoffs to the 
three players in the global game G_,, evaluated as of date 0, are then 
described as follows: 6) The entrepreneur gets D(F) + ECF, D). the com- 
bined proceeds from the debt and the equity sales; (ii> the bondholders 
receive the net present value of their financial transaction, {EB/(l + r) - 
D(F)); and (iii) the shareholders similarly secure (ES/(1 + r) + E(F, D)). E 
is the expectation operator taken with respect to the distribution function 
@(+> of the random profit P, and r is the [O, 11 holding-period riskless rate of 
return. Since the debt and the equity are sold in competitive and efficient 
capital markets, the net present values of the shareholders’ and the bond- 
holders’ financial transactions must be zero. This requirement is then a 
necessary condition which is imposed on any acceptable equilibrium in the 
game. (The entrepreneur can earn a positive rent.> Since the bondholders 
never get more than the debt face-value, i.e., B IF, it follows from this and 
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from the bondholders’ zero-profit condition that D = ELI/(1 + r) <F; this 
condition will also be imposed throughout the following discussion. 

4. Characterization of the equilibrium in the model 

The shareholders’ threats must be credible in the sense that the equilib- 
rium of the renegotiation game is subgame-perfect.-’ Intuitively, unless sub- 
game-perfection obtains, it may not be in the shareholders’ interest to 
dissipate firm value. Bondholders, knowing this, would not take their threats 
seriously. Since information in the global game G_, is perfect, we can use 
backwards induction in order to characterize its subgame-perfect equilibria 
(SPE). Fig. 1 diagrams the way the equilibrium is constructed. We first 
compute the SPE strategies in the renegotiation subgames GJF, D, E, PI 
(Proposition 1). These strategies are then extended to those which form SPE 
in the G_ ,( F, D, E. P) subgames (Proposition 2). The latter are then simi- 
larly extended to the G _& F. D) subgames (Proposition 3). then once more to 
the G_,(F) subgames (Proposition 1), and finally, to the whole game G_j 
(the Theorem). 

In order to characterize the equilibrium in the model, we need the 
following definitions: 

CT fltl 
Zfl”,((s, -a,_,) f(B,_,-6,_,) + ‘.. +(b,-S,,), 

u = qv, 
(2) 

for n= 1,3,5 ,..,, N (Nodd). 

For future reference, it should be noted that (T measures the total damage 
that shareholders could cause the firm in the rounds they make offers. 

‘Subgames are those parts of the game in extensive form that commence at a given node and 
can be considered as a game on their own. Any strategy for the whole game induces a strategy in 
every subgame. A subgame-perfect equilibrium is an assignment of a strategy to each player, 
which induces Nash equilibria in every subgame. Intuitively, this amounts to saying that in a 
subgame-perfect equilibrium no player has reason to change his or her plan when arriving at any 
node in the game - including those nodes which are not reached when playing the equilibrium 
strategies. In other words, threats are credible. Selten (1975) defined and developed this 
refinement of the Nash equilibrium concept. 
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Further define: 

D 
_p(RP,) = 

P,(l -T) ’ 
P(D, F,B,) =; Fi- ;D , 

” [ 1-r 1 
where _P( D, B,) < p( D, F, 0,) follows from D < F. Finally, define: 

S,*( P; F, D) 

i 

a,( 1 - 7)P for OIP<P(D,F,B,), 
= 

(I-7)(6,P-F) -rD for F(D,F,~,) <P, 

and 

‘A(1 -7)P for O<P<_P(D,B,,), 

B,P-($J D 
B,*(P;F,D)=( 

for _P( D-B,,) IP 

<&D,F,B,), 

,F for P(D,F,B,)<P, 

J. I. Equilibriunl in the renegotiation subgame 

(3) 

(4) 

(5) 

Using these definitions, the following proposition characterizes the sub- 
game-perfect equilibrium in the renegotiation subgame G,(F, D, E, P): 

Proposition 1. Suppose that the entrepreneur chooses F for the face-ralue of 

debt, that the bondholders pay D dollars for it, and that nature draws P for the 
potential profit of the firm. Cf the shareholders decide to renegotiate the debt. 
then there exists a unique subgame-perfect equilibrium in the debt renegotiation 
subgame G,( F, D, E, P), as follows: 

In round n of the negotiations (n odd) the shareholders propose to take for 

themselves S,*(P; F, D) dollars of the aftertax profit at time I; the bondholders 
accept any offer that gices them B,*(P; F, D) or better, and reject any lesser 
offer. For n ecen, the bondholders propose to take a share equal to B,*( P; F, D); 

the shareholders accept any offer that gices them S,*(P; F, D) or better, and 
reject anything less. 

The outcome of the debt renegotiation subgame G,(F, D, P) is that in the 
opening round the shareholders propose to dicide the aftertax profit at time 1 by 
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taking for themselr,es .S,<( P; F, D) and giLing the bondholders B_c( P; F, D). 
The bondholders immediately agree. 

Proof. See appendix. 

The unique subgame-perfect equilibrium in the subgame G_ ,(F, D, E, PI 
is described in the next proposition, which considers the shareholders’ 
decision whether to trigger debt renegotiations in the first place. 

Proposition 2. Define the renegotiation cutoff level, 

(6) 

tf the realization of the pre-tax profit, P, is such that 

PcutoJ F, D) I P, 

then the shareholders do not gain from renegotiation of the debt. The firm 
follows the optimal inrsestment plan throughout its lifetime (the time intercal 
[0, 11). At time 1, it earns the pretax profit P, repays the bondholders F dollars 
(the promised face-value of the debt 1, and pays r[( P - (F - D)] dollars in 
corporate taxes. The shareholders receive what is Left, namely, (1 - ;X P - F) - 
7 D dollars. 

If, on the other hand, the realization of the pre-tax profit, P, is such that 

P < P,,t,u( F, D) 7 

then the shareholders trigger debt renegotiations in which they and the bond- 
holders follow the SPE strategies as in Proposition 1, with the same outcome of 
an immediate agreement to sign a composition by which the shareholders get 
S,?.C P; F, D> and the bondholders receicqe B,z(P; F, D), as follows (subscript N 
and asterisks dropped ): 

i 

a(1 --T)P 
S(P’F’D)= (l-T)(p-F) _r~ 

for OIP<P,,,,,,(F,D), 

for Pcutoff(F7 D) s P, 

(7) 

for O<P<_P(D), 

B(P; F, D) = 

‘(1 -a)(1 -7)P 

<(WP+q 

{F 

D for _P(D)<P 
1 

< Pcutod D* F) 7 

for PcutoJ D, F) 5 P, 

(8) 
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where f(D) = D/[(l - uX1 - ~11 < PCUtotf (F, D) and where the last inequality 
follows from D < F. 

Proof. See appendix. 

The equilibrium payoffs to the shareholders, S(P; F, D), and to the bond- 
holders, B( P; F, D>, in the renegotiation subgame G_ , are depicted in fig. 3 
by the dark lines. For comparison, the respective standard text-book (after-tax) 
payoffs to the shareholders and the bondholders are depicted by the gray 
lines. The minimum pre-tax profit for which the firm can still pay bondhold- 
ers the full promised amount F, if it so wishes (firm still solvent), is denoted 

by P,,. 
Propositions 1 and 2 and fig. 3 have the following interpretation: When the 

realization of the profit leaves the firm insolvent [the region [O, P,,) in the 
figure], shareholders have nothing to lose, so they renegotiate the debt to 
their advantage; when the realization of the profit is larger than PO, so that 
the firm is solvent, both the shareholders and the debtholders stand to lose 
from carrying out the threat to let the firm deteriorate. But, if the profit is 
smaller than the cutoff level [in the region (PO, Pcurotf)], the shareholders 
stand to lose fess than the debtholders. This lends credibility to the share- 
holders’ threat; they gain from renegotiating the debt, and the bondholders 
are paid less than the full promised face-value of the debt. On the other 
hand, if profits are greater than the cutoff level, the shareholders stand to 
lose more than the debtholders; their threat is not credible, and therefore 
they do not attempt to renegotiate the debt. 

In order to appreciate the role which u plays in the preceding propositions 
and in those to follow, we will call it the shareholders’ bargaining-power index 
[a is defined3 in (211. The motivation for this name is twofold. First, by 
definition, u measures the amount of cumulative damage that the sharehold- 
ers can inflict on the earning capabilities of the firm in the rounds in which 
they make offers. Second [by (611, as u increases, shareholders become more 
daring in that they trigger debt renegotiations at an increasingly higher cutoff 
level of pre-tax profits, and [by (711 when the shareholders renegotiate the 
original debt contract, they receive a settlement in proportion to CT (this turns 
out to be true of the equilibrium outcome in the global game as well). 

Because u measures the amount of damage that the shareholders can 
cause, it follows that the shareholders’ bargaining power index is an opera- 
tional concept that is measurable in principle. We propose that a good 
surrogate for the index would be the proportion of intangible assets in the 

‘By the properties of the deterioration function dC.1, (T takes values in (0.1). When firm 
deterioration is impossible, i.e., d(.) is constant at 1 on the time interval [0, 11, then (T = 0. When 
a firm deterioration is abrupt, happening all at once at t = 0, then D = 1. These two extreme 
cases are ruled out by the requirement that d(.) be a continuously decreasing function; 
nevertheless, we will consider them as limiting cases in Proposition 5 below. 
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Renegotiation 

not solvent issolvent 

Realized Pre-Tax Proflt , P 

Fig. 3. Distributions of after-tax profit to shareholders and to bondholders as a function of 
realized pre-tax profit shown in black. 

F is the debt face-value, D is the price paid for the debt. and PO is the profit level that separates 
between solvency and insolvency of the firm. If pre-tax profit is greater than the cutoff level. 
P cutoll, the debt is not renegotiated. If it is less. the debt is renegotiated to the shar nolders’ 
advantage. The slope of the shareholders’ renegotiated payoff is proportional to their bargain- 
ing-power index, a; the larger it is, the more they get. The respective text-book after-tax payoffs 

to the shareholders and the bondholders are drawn in gray for comparison. 
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total value of the firm. Since by (7) the settlement that the shareholders 
receive in debt renegotiations is proportional to their bargaining power 
index, this settlement should be (cross-sectionally) positively correlated with 
the proportion of intangible assets of the firm.“ 

Despite the rather detailed bargaining protocol underlying Proposition 2, 
bargaining will conclude with an agreement in the first round. Firm value is 
not dissipated, and the outcome is efficient. Driving this result is the 
assumption of complete and perfect information in the renegotiation game 
(and the absence of indeterminacies in the bargainers’ payoff structure). It is 
important to emphasize, however, that when information is incomplete, the 
resolution of the bargaining process is not immediate [e.g., Fudenberg and 
Tirole (1983) and Grossman and Perry (198611. In that case, as Rubinstein 
(1987) notes, the series of offers and responses becomes a communication 
channel between the players. Each player tries to extract from the other’s 
move information about the opponent’s nature (i.e., preferences, beliefs, 
etc.), and each may try to mislead the other regarding the strength of their 
bargaining position. In that case, the bargaining process may last many 
rounds with an inefficient outcome the inevitable result, as value is dissipated 
until agreement is reached, if ever. 

Haugen and Senbet (1978,1988) have advanced a strong case that (indi- 
rect) bankruptcy costs are immaterial to the theory of optimal capital 
structure. They argue that financial distress should, at most, only slightly 
impair the firm’s ability to conduct business. They maintain that customers, 
employees, etc. are mainly concerned with the tenure of the firm, which 

depends on its asset characteristics and not on the way those assets are 
financed. Our theory sheds new light on this issue. In order for Haugen and 
Senbet’s argument to hold, it is necessary that some ideal conditions be 
satisfied: either shareholders have very little bargaining power (in the sense 
of our model) to renegotiate the debt during financial distress, or else debt 
renegotiations are conducted in an environment of near-complete informa- 
tion, so that an agreement between the parties is quickly reached without 
significant deterioration of the firm. If these two conditions are not satisfied, 
then, as indicated earlier, the value of the firm would be deliberately 
dissipated until agreement is reached, if ever; the goodwill that a firm has 
with its suppliers, customers, etc. would be among the first intangible assets 
to evaporate, and the costs subsequently induced by financial distress might 
well comprise a substantial portion of the firm’s value. We further suggest 
that Myers’s (1977) model can be reinterpreted as being embedded in a 
similar environment, in which his underinvestment problem cannot be miti- 

41n a recent Wall Street Journal article (October 19, 1990 - after this paper was written), a 
creditor-banker commenting on his institute’s position on accommodating kupert Murdoch’s 
financially distressed News Corp. was quoted: ‘We’re backing the man. He is one of the 
intangible assets.’ 
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gated by debt renegotiations, because it is precisely those renegotiations 
which may cause inefficiencies in financial distress. [Giammarino (1989) also 
points out, in a different framework, the relationship between incomplete 
information and inefficiencies in a firm in financial distress.] 

4.2. Equilibrium in the global game 

The next proposition determines the shareholders’ optimal response to any 
(including out-of-equilibrium) moves by the entrepreneur and the bondhold- 
ers, i.e., the shareholders’ bid for the equity as a function of (i> the face-value 
of debt set by the entrepreneur and (ii) the bondholders’ bid for the debt. 

Proposition 3. At time t = - 3, after the entrepreneur has set the face-calue of 
the debt issue at F and the bondholders hare purchased it for D, risk-neutral 
shareholders collectively purchase the equity in a competitive and efficient asset 
market for its discounted expected calue: 

E(F, D) = +--?(P; F, 0) d@(P). 
0 

Proof. Competition among potential shareholders drives the net present 
value of the equity transaction to zero. 

Recall that nature draws P according to the probability distribution 
function Q(e). Its support5 is, obviously, either bounded or unbounded. An 
example of a bounded support is the uniform distribution; a lognormal 
distribution has an unbounded support. Since the two cases - both 
plausible - require somewhat different treatments, we will distinguish be- 
tween them. Therefore we define 

PWP) = 
sup [support @( .)) for a bounded support, 
33 for an unbounded support. 

For simplicity, we assume that the infimum of the support of @(. 1 is zero. 
The following proposition determines the bondholders’ optimal response 

to any (including out-of-equilibrium) move by the entrepreneur, i.e., the 
bondholders’ bid for the debt as a function of the debt face-value set by the 
entrepreneur. It again imposes the competitive condition that the net present 
value of the debt transaction is zero. 

‘The supporf of a distribution function cP(.) is a collection of real numbers. A number x 
belongs to the support iff for every E > 0, 44.x + E) - @(x - E) > 0. Informally, the support is the 
collection of probable values of the corresponding random variable. 
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Proposition 4. At time t = - 2, after the entrepreneur has set the face-t.alue of 
the debt issue at F, risk-neutral bondholders collectil~ely purchase it in a 
competitice and efficient asset market for its discounted expected value D*(F), 

which is the unique solution to the implicit equation 

D= &imB(P:F.D)d@(P). 

Furthermore, D*(F) is continuous on [0, x), D*(O) = 0, and 0 < D*(F) < F on 
(0, Cc>. If P@“P) = x, then D*(F) is increasing on [0, m) tending to a finite limit 

D*(z). If P WV) < 3~ then there exists a unique and p0sitir.e solution F+ to the , 
equation 

D*(F) = ?+-[(I -o)P(SUP)-F]. 

In this case, D*(F) is increasing on [0, F’), and then stays constant on [F*, m> 

at the c,alue 

D*( F*) = ?[(I _,)P(sup)-F*] >O. 

The shareholders pay for the equity E*(F) = E(F, D*(F)), which is positire 
and continuous on [O,=), with E*(O) = (1 + r)-‘(1 - r)EP, where EP is the 
finite expectation of the random profit. If PCrup) = x, then E*(F) is decreasing 

on [O,=fi), and E*(F) + oE*(O) as F ---) =. If P(5up) < x, then E*(F) is decreas- 
ing on [0, F*) and then stays constant on [F*,x) at the L*alue E*(F*) = 

aE*(O) > 0. 
The value of the firm V*(F) = D*(F) + E*(F) is continuous on [O,m). If 

P(sup) = m, then V*(F) is increasing on [O. x), and V*(F) + D*(r) + aE*(O) 

as F-x. If P (‘“P) < ~0, then V*(F) is increasing on [0, F*), and then stays 

constant on IF*, =) at the value 

V*( F*) = D*( F*) + E*( F*) 

= l-r [( 1 _ ,)p(‘“P) _ FL] + r’:,:’ E-‘. 

: 

Proof. See appendix. 

In the spirit of Myers (19771, we give the name debt capacity to D*(F*) or 
D*(z), the maximum debt available when PCsup) < z=z or PCsup) = ~0, respec- 
tively. 
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1 

F, Face-value of Debt (S) 

Fig. 4. The optimal bids by bondholders, D’(F), and by shareholders, E’t F). in response to the 
entrepreneur’s designation of a debt face-value. F. and the value of the firm. I”(F) - the sum 

of the two bids (shown in black). 

Here thr: profit distribution has tinite support. hence (by Proposition 4) at F‘ the values of debt. 
D*(.). and of the firm. I’*(.), level off at their maxima. Consequently (by the Theorem). debt 
face-values of F’ or greater generate equilibria with the common property that V*(F’) is the 
optimal firm value. and (DYF”). E*(F’)) is the inrrrior optimal capital structure. The firm is 
then purely debt financed at the optimum - the Modigliani-Miller result. Debt and firm values 

in the case of zero shareholders’ bargaining power tn = 0) are drawn in gray for comparison. 

To help understand the implications of Proposition 4, fig. -I depicts the 
values of the debt, the equity, and the firm as a function of the face-value 
announced by the entrepreneur (for a finite support). For comparison, we 
show the same schedules for the case where the shareholders cannot threaten 
to adopt a suboptimal investment policy, i.e., when their bargaining power 
index is zero. The latter schedules result from substituting u = 0 in the 
formulas above. 

The following theorem characterizes the equilibrium of the global game, 
which implies an interior optimal capital structure with taxes as the bond- 
holders’ foresighted response to the shareholders’ opportunistic behavior in 
debt renegotiations. 

Theorem. The subgame-perfect equilibria of the global game, G _ j, are charac- 
terized by the entrepreneur designing the debt-issue attributes to maximize the 
combined debt and equity proceeds, i.e., the value of the firm. 
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Case I. When P(Sup’ < =, there are multiple subsume-perfect equilibria which 
are operationally equic,alent. The entrepreneur sets the face-calue of the debt at 

any F (eq) that is greater than or equal to F*. which is equivalent to setting the 
equilibrium cutoff lecel, Pcuroa (F’, D*(F*)). at the supremum of the distribu- 
tion support, P(Sup). The bondholders collectil,ely purchase the debt issue for 
D”( F’) > 0 (Proposition 31, and the shareholders buy the equity for E*( F”) > 0. 

Case 2. when P(Sup) = 33, there is a unique subgame-perfect equilibn’um. The 

entrepreneur designs the debt so that the bondholders are promised the entire 
after-tax profit - in effect setting the face-r,alue of the debt at infinity. The 

bondholders collecticely purchase the debt issue for D*(x) > 0, and the share- 
holders buy the equity for aE*(O) > 0. 

In either case, nature next draws the potential pre-tax profit: then the 
shareholders and the bondholders always renegotiate the debt, and immediately 
agree to rewrite the debt contract according to Proposition I. 

Evidently, the equilibrium values of the debt and the equity are both positiL.e, 
which implies an interior optimal capital structure of the firm. 

Proof. See appendix. 

According to the Theorem, the entrepreneur appears to be tying to 
finance the firm purely by debt in order to take full advantage of the 
debt-favoring tax code, knowing perfectly well that in ‘bad’ states of nature 
(profit below cutoff) the shareholders and the bondholders will undo his 
original debt contract and sign a renegotiated one. The entrepreneur cannot, 
therefore, finance the firm purely by debt: no matter how large he sets the 
face-value of the debt, he cannot sell it for more than debt capacity. which is 
determined by the nature of the firm’s assets. 

The model yields an interior optimal capital structure even in the absence 
of bankruptcy costs. Moreover, as we will see. depending on the value of the 
shareholders’ bargaining-power index, any value of debt-to-equity ratio can 
be obtained. This has important empirical implications. If the interior opti- 
mum is generated by a tradeoff between bankruptcy costs and tax deductibil- 
ity of interest expense [e.g., Kraus and Litzenberger (1973), Scott (1976), Kim 
(1978)], then it is crucial that realized bankruptcy costs be significant. Given 
that an interior capital structure obtains even in the absence of bankruptcy 
costs, the size of those costs becomes less important. 

4.3. Example: An analytic solution when the profit distribution is uniform 

When pre-tax P is distributed uniformly on (0, P(s”p)l, eq. (9) has the 
following analytic solution, which is the bondholders’ optimal collective 
bid for the debt issue in response to the entrepreneur’s choice of debt face- 
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value F: 

for O<F<F*, 

for F* IF, 

where 

l-r 
KC-- T (1 +r)(1 -W))P(s”p) 

and 

The price that the shareholders are willing to pay for the equity issue is then 
given by 

E*(F) 

F”P) - 2( 1 - a)F( F) + 
(1 -C@(F) 

p(suP) 1 for OsF<F*, 

I ( 1 - T)UP(=@ 

2( 1 + r) 
for F* 2 F, 

where 

j(F) =P(F,D*(F)) =A[” f- D*(F) T 1 
Note the way both functions, D*(.) and E*(.), conform to the results of 

Proposition 4. 

4.4. Equilibrium with renegotiation costs that are realized with 
positice probability 

The theorem implies that the optimal capital structure of the firm leads to 
debt renegotiation with probability one. Of course, in our model there are no 
costs of debt renegotiations, and the tax benefit to debt provides an incentive 
to increase the amount of debt in the firm’s capital structure. In the absence 
of renegotiation costs the entrepreneur sells the maximum amount of debt 
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available, i.e., he issues at debt capacity, without being concerned about the 
resulting inevitability of debt renegotiations. However, if debt renegotiations 
involve realized costs, increasing the amount of debt also increases the 
probability for debt renegotiation, and with it the present value of those 
renegotiation costs that the entrepreneur must bear. Such costs act then as a 
disincentive to increasing the amount of debt, and will produce a probability 
of debt renegotiation that is less than one. 

5. Further empirical implications of the model 

5.1. Capital structure policy and shareholders’ bargaining power 

Proposition 5. Other things equal, smaller r.alues of the shareholders’ bargain- 
ing-power inde.u u are associated with greater equilibrium values of the firm V, 
of the debt D, and of the ratio of debt to firm Lake D/V. In particular. for the 
maximum calue of the shareholders’ bargaining-power index, u = 1, the firm is 
purely equity financed in equilibrium; for the minimum t*alue, u = 0, it is purely 
debt financed. 

Proof. See appendix. 

Fig. 5 illustrates Proposition 5 for the following parametric values: P(Fup) = 
$1, T = i, and r = 0.5 (per five-year holding period, say). 

The intuition behind Proposition 5 is fairly clear. The greater is the 
shareholders’ bargaining-power index. the less debt the firm can issue in 
equilibrium, hence the less tax benefit it can capture, and consequently the 
smaller is the value of the firm. 

This proposition also has implications for industry capital structure. It is 
well known [Brealey and Myers (19881, p. 4071 that capital-intensive indus- 
tries like airlines, utilities, steel, chemicals, etc. rely heavily on debt, while 
firms like high-tech companies and advertising agencies, whose assets are 
mostly composed of intangible assets, are predominantly equity financed. Our 
theory suggests an explanation for this phenomenon. Managements of firms 
with a larger proportion of intangibles to total assets are in a better position 
to successfully renegotiate away value from their debtholders. Consequently, 
such firms can borrow less in equilibrium. A larger proportion of intangibles 
entails a larger shareholders’ bargaining-power index, which in turn implies, 
by Proposition 5, a smaller optimal debt-equity ratio. 

5.2. Debt cocenants 

It is clear from Proposition 5 and fig. 5 that given the choice, the firm 
would select the smallest possible shareholders’ bargaining-power index, 

J.F.E.- F 
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Fig. 5. Equilibrium values of the firm and of the debt are decreasing Functions of the sharehold- 
ers’ bargaining-power index, w. 

When shareholders have zero bargaining power (u = 0). the firm is purely debt financed (MM): 
when they have maximum bargaining power (U = 1). the fir,” is purely equity financed. The 

graph is drawn based on PCSup’ = Sl. : = >. and r = 0.5. 

because then the firm could increase the proportion it borrows in equilib- 
rium, thus capturing more of the tax advantage of debt. We suggest that firms 
achieve the goal of curbing ex ante the shareholders’ ability to renegotiate 
the debt by incorporating certain debt covenants which restrain management 
from adopting suboptimal investment policies; breaching such a covenant 
hastens formal default, and therefore shortens the amount of time for 
opportunistic maneuvers by management. 

Consider, for example, the debt covenant that requires the firm to main- 
tain its assets. Absent the rationale suggested above, this covenant seems 
redundant at best. If slackening maintenance of the firm’s assets is an 
optimal policy for the firm - as is sometimes the case just before the firm 
scraps old machinery and retools - then a covenant that bans such optimal 
policy hurts the creditors (as well as the owners), and therefore should not be 
incorporated into the debt contract. If, on the other hand, meticulous 
maintenance of the firm’s assets is optimal, then failing to maintain hurts the 
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owners (as well as the creditors), and inclusion of that covenant, whose effect 
is then to prevent the owners from hurting them&-es, is redundant. Our 
model suggests that a covenant that requires the firm to maintain its assets 
serves the purpose of limiting management’s ability to use the purposeful 
dereliction of the firm’s assets as a bargaining device. A similar rationale 
helps explain debt covenants that restrict disposition of the firm’s assets. 

Our model also explains covenants that restrict the firm’s ability to acquire 
financial assets. As noted by Smith and Warner (1979, fn. 16). ‘financial 
assets are negative value projects whose acquisition reduces the value of the 
firm’. To see why (the following is our interpretation), consider, for example, 
firm A that faces a decision between two alternatives: (1) investing directly in 
a given project and (2) passively investing the same amount in the stock of 
firm B within the same risk-class (in the sense of Miller-Modigliani) as the 
project. Under the first alternative. firm A pays corporate taxes on the 
earnings from the project only once. Under the second alternative, firm B 
pays corporate taxes on the earnings. and then pays out the after-tax earnings 
as dividend to firm A (in proportion to its holdings). According to current US 
tax laws, firm A must again pay corporate taxes on 20% of the dividend. 
which leaves firm A with a smaller after-tax cash flow than under the first 
alternative. This implies that an efficient capital market would devalue the 
stock of firm A by the present value of the avoidable tax on the dividend as 
soon as firm A purchases the stock of firm B. 

Smith and Warner’s explanation of the use of covenants that restrict the 
firm’s ability to acquire financial assets focuses on shareholders’ incentive to 
purchase financial assets which increase the variability of firm cash flows, 
thereby inducing a shift of value from debt to equity. However, they don’t 
explain restrictions on holding low-risk financial assets that tend to decrease 
the variability of the firm’s cash flows. Our model suggests that a debt 
covenant which restricts the firm’s ability to acquire financial assets makes it 
difficult for management to use that investment policy in order to run down 
the value of the firm as a bargaining gambit. 

It is important to emphasize, however, that although the covenants de- 
scribed above can help to mitigate management’s opportunistic behavior. 
they cannot eliminate it completely. Breach of a covenant places the firm in 
default, but this is of no great hindrance to a management that threatens to 
default anyway. Attesting to the insufficiency of covenants in this respect are 
the recent proposals for insolvency law reforms by the U.K. government- 
appointed Cork Committee [see London (1984)]. Among other recommenda- 
tions by the committee: 

[Tlhe Government has accepted that directors should in future be 
personally liable for debts incurred by a company through ‘wrongful 
trading’. Personal liability will apply when it appears that: 1. a company 
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was allowed to continue trading [do business] with the result that the 
position of existing creditors is worsened and/or additional liabilities are 
incurred which are not paid; and 2. the directors knew or ought to have 
known that there was no reasonable prospect of avoiding that situation. 

5.3. Private placement L’ersus public offering of debt 

We argued above that firms would employ self-binding devices designed to 
allay debtholders’ misgivings concerning management’s opportunistic behav- 
ior, in order to increase debt capacity and with it the equilibrium value of the 
firm. One such device can be inferred from Smith and Warner’s (1979) 
observation: ‘[Tlhe consent of 100% of the debtholders is required in order 
to change the maturity date or the principal amount of the bonds. In private 
placements involving few lenders, renegotiation is typically easier’. The 
device is the public offering of debt, which is more difficult to renegotiate. 
Public offerings have a disadvantage, though; they are costlier to float than 
private placements [Blackwell and Kidwell (19SS)l. Nonetheless, a firm with a 
high proportion of intangible assets, whose need to employ self-binding 
devices is more pronounced, would tend to float debt publicly despite the 
extra flotation costs involved. A firm with a high proportion of tangible assets, 
on the other hand, can rely on those assets as a commitment device, and 
would tend to use private placement of debt to take advantage of the lower 
associated costs. 

The above is only one possible determinant of the choice of debt-flotation 
method. In fairness, one could argue in the opposite direction as well: A firm 
with a large proportion of intangible assets tends to possess information 
which it tries to conceal from competitors and the public, and so prefers to 
place debt privately to better guard its business secrets. Which argument 
dominates is an empirical issue. The study by Blackwell and Kidwell does not 
resolve the question, since their sample involves only public utilities, which 
are capital-intensive. 

5.4. Capital structure and the corporate tax rate 

Proposition 6. Other things equal, when the tax rate increases, so does the 
ratio of equilibn’um debt to firm calues. 

Proof. In the appendix. 

Proposition 6 is illustrated in fig. 6, which is drawn for the same parameter 
values as in fig. 5. This result is similar to the one obtained from the 
bankruptcy-costs theory of optimal capital structure, but it is emphasized 
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Fig. 6. Equilibrium firm value decreases with the tax rate, while the debt to firm value ratio 
increases. 

again that here the result follows without recourse to any realized bankruptcy 
costs. 

6. Summary and conclusions 

The model presented in this paper has important theoretical and empirical 
implications for many aspects of corporate finance, including the capital 
structure of the firm, the structure of debt contracts, and debt renegotiations. 
The main findings are: 

(1) 

(2) 

The debt capacity of the firm - the maximum amount of debt it can issue 
in equilibrium - is inversely related to the shareholders’ bargaining power 
in debt renegotiations as measured by a well-defined index (J. This 
theoretical index is made operational by correlating it with the ratio of 
intangible assets to the total value of the firm. 
In the absence of incentives to issue debt (like debt-favoring taxes), firm 
value is independent of the amount of debt issued up to debt capacity; 
debt levels beyond that are unattainable. 
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(3) In the presence of debt-favoring corporate taxes, and even in the absence 
of any costs of debt renegotiations or of bankruptcy, an internal optimal 
capital structure obtains (positive amounts of debt and equity). Debt is 
then optimally issued at capacity, and consequently, it is always renegoti- 
ated. 

(4) There will be a positiL_e (cross-sectional) correlation between the renego- 
tiation settlement (or the formal bankruptcy reorganization settlement) 
accruing to shareholders and the ratio of intungible nssets to the total 
value of the firm. 

(5) The greater the proportion of intangibles in the firm’s asset structure (the 
greater is a), the smaller the firm’s debt-equity ratio. In particular, 
capital-intensive industries will be more heavily debt financed by compar- 
ison to high-tech and service industries. 

(6) Debt covenants that appear to be redundant, because they are designed 
to prevent management from hurting the firm, are shown to be conse- 
quential. 

(7) Firms with a large proportion of intangible assets will tend to offer debt 
publicly by comparison to firms with a small proportion of intangibles, 
which will tend to place debt privately. 

(8) An increase in the corporate tax rate will increase the firm’s debt-equity 
ratio. 

This paper takes the contractual forms of equity and debt as given. 
However, a comprehensive analysis that tries to derive the optimal financial 
contracts endogenously and, in particular, to ascertain which claimholders 
class should have control of the investment decisions of the firm [see, for 
example, Harris and Raviv (1989)I. would inevitably have to account for 
post-contractual opportunism along the lines posed here. Thus, this paper 
can also be viewed as a contribution towards this goal. 

Appendix 

Proof of Proposition 1 

To construct the subgame-perfect strategies, we proceed from the last 
negotiation round (n = 0) backwards to the first (n = N), using backwards 
induction. The underlying idea is that each bargainer offers, in his or her 
turn, what the other can force in the next round. In round n = 0, the firm is 
capable of generating a pre-tax profit of only 6, P = /3,, P dollars. By assump- 
tion, the bankruptcy court steps in then and partitions the firm’s after-tar 
profits allocating S,* to the shareholders and B,* to the bondholders. This 
partition must satisfy both the feasibility condition (l), 

S,*+&=(l-r)&P+rj-.max(B;--D,O), (A.1) 
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and the strict priority rule which is formalized by 

if B,*<F, then S,: = 0 

and 

if B,T=F, then S,; 2 0. 

(A.2) 

It will be convenient to redenote 

Distinguish between the following three regions of the pre-tax profit P 
[paralleling those in the definition of B,* in (5)l: 

(i) When 0 I P <_P,, then p,,(l -TIP < D. Hence the only partition that 

satisfies both (A.11 and (A.2) is B,* = (1 - T)&D and S,* = 0. 

(ii) When -P, I P < PO, then D I&P - (~/(l - r))D < F, whence the only 
partition that satisfies both (A.11 and (A.21 is S,; = 0 and B,* =&P - 
(r/(1 - r))D. 

(iii) When F,, I P, then B,* = F and S,* = (1 - T)&(P - p,,>. 

Now assume the induction assumption that (4) and (5) are the SPE 
strategies up to and including round n - 1. The remaining pre-tax profit 
capability in round n is 6,P, and consider that n is odd first. Since by the 
induction assumption, the bondholders can force B,*_, for themselves in the 
next round, the shareholders, whose turn it is to make an offer in round n 
odd, offer exactly that, i.e., B,* = B,*_,. Again distinguish between three 
regions. 

Inregion(i),O<P<F,,=D/[(l-~)P,].Then B,*=B,*_,=(l-T)~,,_,P 
= (1 - T)p, P. This is so because by definition /3, = p,._ ,, hence _P, =&,_ i, 
and P is within region (8 in round n - 1 as well, from which the equality 
above B,*_, = (1 - r)p,_, P, follows by the induction assumption. Now, 
substituting B,* = (1 - T)P,P in the partition-feasibility condition (1) 
and noting that in region (iI B,* <D, results in S,* = (1 - TX~,, - p,,)P = 
(1 - T)cT,P. By the induction assumption, the shareholders will be offered 
S,*_, = (1 - ~>a,_, P in the next round (n - 1). It must then be that S,* L 
S,*_,, otherwise the shareholders should not be offering S,* in round n. But 
the last inequality is equivalent to 6, 2 a,_, (n odd), which is true because 
the deterioration function is decreasing. This completes the induction proof 
for n odd, when P is in region (i). The proofs for region (ii) and (iii) are 
similar, and therefore omitted. 

Now consider that n is even. Since by the induction assumption the 
shareholders can force S,*_ , = (1 - r;-)~,, _, P for themselves in the next round 
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(n - I), the bondholders. whose turn is to make an offer in round n even, 
offer exactly that, i.e., S; = S,*_,. Since by definition a,, = v,,_ ,, then S* = 
(1 - T)u~P, which was to be proved. Substituting S,* in the partition-feasybil- 
ity condition, noting that the pre-tax profit is 6,P and that B, = S, - cr,,, 
yields 

B,*=(l-~)B,P+r.max(B,:-D.0). (A.3) 

Again distinguish between the three regions. In region (i) 0 I P < p,,, then 
(1 - T)/~,P CD and the unique solution to (A.3) is B: = (1 - r)j3,,P. Of 
course, it must be that B,* 2 B:_,,, which is equivalent to 6, 2 6,_, (n even). 
Otherwise the bondholders should not be offering B,* in round n. But the 
last inequality is valid because the deterioration function is decreasing. The 
proofs for the other two regions are similar, and therefore omitted. n 

Proof of Proposition 2 

By Proposition 1 and by (4) and (9, if the shareholders decide to renegoti- 
ate the debt, then the outcome allocates to them (recall that 6.v = 1, u,v = IT, 
and Ph.= 1 -u) 

S,:(P;F,D) 

a(1 -7)P for OIP<P(F,D,~,~,), 

= (I-T)(P-F) -7D for &F,D,~,“) 5~. 1 

On the other hand. if the shareholders decide not to renegotiate, then their 
payoff is the usual one in the presence of taxes, namely, 

S no rrncgoriarlon( P ; PT D ) 

( 

0 for OIP<F(F,D,/~,~), 
= 

(l-T)(P_F)_TD for ~(F,D,~,~)sP. 

Obviously, S,$(P; F, D) is larger than S,, renegotiation(P; F, D) for P < 
P(F, D, psv), hence the shareholders find it optimal to renegotiate the debt at 
those values of P. On the other hand, for &F, D, plv) 5 P, the shareholders 
get the same payoff whether or not they renegotiate the debt, so not 
renegotiating is a best response (as is renegotiating). It then follows that 

is the profit cutoff level that separates low profit realizations, at which it is 
optimal for the shareholders to renegotiate the debt, from high realizations, 
at which it is optimal not to renegotiate. Eq. (8) is similarly obtained from (5) 
by setting TI = N. n 
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Proof of Proposition 3 

Rewrite (9) in the form 

h( F, D) = 0 on the half-plane D <F, (A-4) 

where, by (S), 

h(F,D)=/_P(D)(l-~)(l-u)P~(P)dP 
0 

I 
P 

+ CUfUff(F’D) 

E(D) 

(1 - a)P - hD]+( P) dP 

/ 

P 

+ F4(P)dP-(1 +r)D. 
cutoff (F, D) 

It is easy to see that all the integrands above are continuous in F and in D, 
and their partial derivatives with respect to F and D are continuous as well. 
Also, _P(D) and Pcutoff (F, D) have partial derivatives with respect to F and 
D. Then, by Leibniz’s rule, the partials of h(. , * ) exist and are given by 

h;(F, D> = 1 - @( Pcutod F, 0)). 

hb(F,D) = -&[@&ofs (WV)-@(L’(D))] -(l+f) CO, 

(A.51 

where, recall, @(.) is the pre-tax profit distribution function. Since h(F, D), 
h;(F, D>, and hb(F, D) are continuous, and hb(F, D) is always negative, 
there exists - by the implicit function theorem - a unique explicit solution to 
(A.4): 

D=D*(F). 

Moreover, D*(F) is continuous and has a continuous first derivative 

&D*(F) = - 
&(f’, D*(F)) 
&(F, D*(F)) . 

(-4.6) 

It is easy to see that h(O,O) = 0, which implies that D*(O) = 0. It is also 
straightforward to verify that 0 <D*(F) < F,VF > 0, hence also _P(D*(F)) < 

I.F.E.--G 



166 YZ. Bergman and 1. L. Callen, Gamesmanshrp. debt renegotiatton. and capttal structure 

P cututr(F. D*(F)), from which it follows by (A.5) and by (A.6) that 

1 - Wcutoff( F, D*(F))) = 
&[ ( @ p,",,i,(F,D*(F)))-~(_P(D*(F)))] +(l+r) 

2 0. (A.71 

Case 1. P(‘“p) = r. Then 1 - 4YPcutotr(F, D*(F))) > 0, for any positive F, 
and therefore (d/dF)D*(F) > 0, VF > 0, i.e., D*(F) increases on [0,x). 
Since D*(F) is also bounded by (1 + r)-‘EP on [O, =), it has a finite limit 
D*(x). 

Case 2. P(‘“p’ < 2. Define on LO,=) the following two functions: 

L(F)= !+[(I __)p+UP’_/c], 

g(F) zL(F) -D*(F). 

Note, first, that g( .I is continuous and decreasing on [0, cc) since g’(F) = 

-(I - 7)/r - (d/dF)D*(F) < 0 by (A.7). Second, g(0) = L(0) > 0 and 
g((1 - (T)PS”P)) = -D*((l - (,)P (a”p)) < 0 Hence g(. 1 attains the value zero . ) 

only once at a point F* in the interval (O,(l - u)P(‘“~)). To the left of F*, 

g(F) is positive, and to the right, it is negative. It follows that 

D*(F) I D*( F*) = L( F*) <L(F) = g[(l -v)P(~“~)-F], 

VFE [O,F*). 

Hence P cuton(F, D*(F)) < Pcsup) for any F in [O, F*). From the last inequality 
it follows that 1 - @( PcutoR (F, D*(F))) > 0, whence, by (A.7), (d/dF)D*( F) 
> 0 for any F in [0, FL), i.e., D*(F) increases there. 

On the other hand, VF E [F*,m), g(F) 2 0, hence, 

D*(F) zD*(F*) =L(F*) rL(F) = - l-T[(l_O.)P(=P)-F], 

7 
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whence 

PC”& F, D*(F)) 2 PUP’, VFE [F*,=). (A.81 

It follows from (A.8) that 1 - @(PcutoH(F, D*(F))) = 0; hence by (A.7), 
(d/dF)D*(F) = 0 for any F in [F”, 30) i.e., D*(F) is constant there, or 

D”(F) =D*(F*) =L(F*) = &[(l -c+‘(~‘P)-F*], (A.9) 

VF>F*. 

This completes the proof of the properties of D*(F), when the support of 
the profit distribution is finite. 

The competitive shareholders pay for the equity its discounted expected 
value. given the bondholders’ optimal response to the entrepreneur’s move 
F. Hence, by (A.7), 

1 r 
E*(F) =E(F,D*(F)) = - l+r o S f’;F,D*(F))d@(P) / ( 

1 Pcuton(F, D’(P)’ 
=- 

/ l+r 0 

(l-r)u&(P)dP 

1 -a 
t- 

/ 1 + r P,,,,,,~(F, D*(F)) 
[(l -r)(P-F) -~D*(F)]c$(P)~P. 

Substituting F = 0 in the last equation and noting that we have shown 
that D*(O) = 0 results in E*(O) = (1 + r)-‘(1 - r)EP. Noting that 

lim, -xPcurofr (F, D*(F)) = m and taking the limit of the integral above as 
F + 3~ results in E*(z) = WY*(O). Using Leibniz’s rule 

-&E’(F) = (1 -T) +7-&D*(F) 
I 

x 11 - @Pc”toff(~~ D*(w)1 5 0. 

Adding (d/dF)D*(F) to both sides of the last equation and using (A.7) 
results in 

&V’(f) = -&E’(F) + -&D’(F) 
[1 - @( Pcuroff CF. D*(F)))l[T + @(Pcuroff(F! D'(F)))1 

= 
> o 

(1 +f) ( +$w,“,,,(F> D’(F))) - @v(W~)))I + (1 +r)) - . 
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Applying to the last two equations a similar analysis to the one used on 
(d/dF)D*(F) b a ove yields the properties of E*(F) and of V+(F) as stated 
in the proposition. n 

Proof of the Theorem 

Case 1. Pcsup’ = 2. By Proposition 4, V*(F) increases on [O,r)) (with a 
finite limit at m). Hence, the entrepreneur’s best strategy is to design the debt 
contract so that the bondholders are promised all the realized profit (as if 
setting F = 30). This, obviously, results in debt renegotiation with probability 
1. Consequently, the entrepreneur is able to sell the debt for D*(P) and the 
equity - for E*(W) = crE*(O). 

Case 2. Pcsup) < 00. According to Proposition 4, V*(F) attains a global 
maximum throughout [ F*,cc) [it is constant there]. Hence, the entrepreneur’s 
best strategy is to set the debt face-value at F* or above. By (A.@, the 
probability for debt renegotiation is then 1. n 

Proof of Proposition 5 

Following is the proof for the finite-support case; the proof for the infinite 
support is similar. For ease of notation, only the dependence of the different 
functions on u will be shown explicitly. For instance, instead of fully spelling 
out the equilibrium debt value as D*(F*(a, 7, r, Pcsup)); cr, T, r, Pcsup9, I will 
simply write D*(F*(a);a). 

By the ‘envelope’ theorem, 

Hence, by (A.3 and (A.8), 

-&*(F*(o);u)= - 
(F’(o). D’(F’(o);o)) 

(1 - T)E P + TyuD’ P4(P) dP 
_P(D’(F’(o);u)) =- 

~[l-~(-P(D*(F*(~);~)))] +(l+r) 

<o. 

Hence, D*(F*(a); u) is decreasing in u. 
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Further, add 

l--7 
$*(F’(+J) = l_rEP 

to the previous equation to get 

The last inequality follows from r > 0 and from the Lemma that succeeds the 
present proof. It follows then that V*(F*(ak (+) is decreasing in u. 

Using the properties of D*(F*(a);a), of E*(F*(a);a) and of their 
derivatives with respect to (+ yields 

dD* dE* 
E*- _D*_ 

da da 

(E*)’ 
< 0. 

(F’(u):u) 

Hence D*(F*(a); a)/E*(F*(a); a) is decreasing in u; therefore E*/D* 
is increasing in a; and so is E*/D* + 1 = V*/D*. Hence D*/V* is decreas- 
ing in u. 

We now proceed to show that when u = 1, the equilibrium debt-value is 
zero; namely, we want to show that 

D*(F*(u);u),,, =O. (A.10)’ 

By (A.91, 

D*(F*(u);u) = G[(l -u)P’-F*(u)], 

hence 

l-7 
D*(F*(l);l) = - -F*(l). 

T 
(A.11) 
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But it was shown in Proposition 4 that D*(O: 1) = 0 and that 0 < D*( F; 1) < F, 
VF > 0. Hence, F”(1) = 0 is the unique solution to (X.11). which proves 
(A.lO). Furthermore. by Proposition 4, E*(F”(cT); a) = vE*(O; CT). Hence 
E*(F*(a); (+)(,=,, = 0, and therefore 

D*( F*(u):u),,z,,= I’*( F*(u):n),,,,,. n 

Lemmn (in support of the proof of Proposition 5). Let u random l,ariable 
X with a probability distribution fctnction @p(. ) and with a density c.N . ) ha1.e a 

finite support, therl for any LY in that support: 

jh”p(rupport @(“$d( x) d,c 2 [ 1 - @(a)] EX. 

Proof. Denote 11 = sup {support @(. )I, 1’ = inf (support @D(. 11, and define 

I 
L, 

xd( x) dx 

g(CY)= n 
1-@((Y) . 

Then 

r6(a)li’(r-a)~(r)dx 

g’(a) = 
i’l - @(CY# 

2 0. 

Hence g(cr) 2 g(r.) = EX, Va 2 L’, which completes the proof of the lemma. 
n 

The proof of Proposition 6 is similar in spirit and methodology to that of 
Proposition 5, and is therefore omitted. 
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