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Capital structure in repeated oligopolies

Vojislav Maksimovic*

This article analyzes the effect of a firm’s capital structure on its product market strategy in
the context of a model of repeated oligopoly. I show that there exists an upper bound on the
Jirm’s debt level in the absence of bankruptcy costs. This bound depends on the number of
Jfirms in the industry, the discount rate, the elasticity of demand, and other related factors
that affect product market equilibrium in oligopolies. I also show that warrants may decrease
equilibrium output in oligopolies and that convertible debt and warrants may be used to
raise the upper bound on the debt level in specific cases. I show that the effect of capacity
constraints on optimal capital structure is nonmonotonic.

1. Introduction

B In oligopolies there may be a tendency for firms to reach implicit agreements with their
rivals to limit competition. The choice of capital structure by each firm in the industry will
affect the exposure of its equityholders to the consequences of reneging on such agreements.
As a result, the sustainability of implicit agreements with rivals, and thus firm values, will
be directly affected by the choice of capital structure.

Capital structures that limit equityholders’ exposure to competitive reactions of rival
firms are of particular interest, as they may create an incentive for the equityholders to take
actions that may decrease the value of their firms. Such financial structures are suboptimal
for the industry as a whole because value-decreasing actions will be anticipated by debtholders
and the equityholders will bear the full cost of their adoption. Specifically, I first show that
for a range of parameter values there exist capital structures that induce equityholders of
firms in a repeated oligopoly to select strategic moves that do not maximize the value of
the firm. I then describe a set of optimal capital structures, which constrain the equityholders
to bear the full costs of the rivals’ reactions to their own strategic moves. I show that there
is an upper bound on the level of debt in such capital structures. In conjunction with other
determinants of capital structure, such as taxes, the analysis can be used to produce a single
optimal financial structure for oligopolistic firms.

In contrast to debt, warrants can act as a tax on the cash flows to equityholders of firms
that engage in particular market strategies. The severity of the tax depends on the timing
of the firm’s cash inflows and outflows and on the exercise price. In industries in which
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some cash outflows precede cash inflows over the production cycle, equityholders can credibly
commit themselves not to select strategic moves that increase equity value but lower firm
value by issuing warrants with appropriate exercise prices. I show that in such cases warrants
may be used to increase the upper bound on the firm’s debt level. I also show that for a
class of such industries warrants may create value by decreasing equilibrium output.

Convertible debt, like warrants, can act as a contingent tax on cash flows to equity.
Convertible debt differs from warrants, which have a fixed exercise price, in that the value
of a firm’s debt, i.e., the “exercise price” depends on the firm’s product market strategy and
the degree of the firm’s indebtedness. I demonstrate that this feature makes it possible to
use convertible debt to increase the firm’s debt capacity for a class of industries in which
cash outflows need not precede cash inflows over the production cycle.

The extent to which equityholders can take actions that simultaneously lower the value
of the firm and increase the value of equity depends, in part, on the excess capacity possessed
by the firm and its rivals. Thus, capacity is a determinant of capital structure. In analyzing
the interaction between the capacity and the minimal number of warrants, I show that the
relationship is not monotonic.

The simplest context in which to illustrate the effect of capital structure on the ability
of firms to extract maximum rents is the standard model of repeated oligopoly, originally
due to Friedman (1971). Modified versions of this model have been used by Brock and
Scheinkman (1985), Green and Porter (1984), and Porter (1983) to analyze product market
interaction in oligopolies.' Repeated games have been introduced into the financial literature
by Baldwin (1983) and Dybvig and Spatt (1982). The model in this article is related to
Titman’s (1984) model of optimal capital structure. In that article high levels of debt may
prevent the firm from entering into optimal contractual arrangements with its customers,
since contractual provisions cannot be enforced if bankruptcy occurs. In this article high
levels of debt may prevent a firm from credibly commiting itself not to engage in disruptive
competitive practices, i.e., the firm may be prevented from reaching an optimal tacit un-
derstanding with its rivals.

I discuss the model in Section 2 and I present empirical implications and conclusions
in Section 3.

2. The model

W There are » identical firms in the industry with a product market opportunity that
repeats in each future period. Industry demand and costs are constant over time. The fol-
lowing production cycle occurs in each period: each firm first decides how much to produce,
production then takes place, the output is marketed, and revenues are realized and distributed
to the holders of the firm’s securities. Thus, in each period the firm’s real decisions precede
its financial decisions. More formally, each period is divided into two subperiods, corre-
sponding to the real and financial components of the production cycle. During subperiod
A production levels are set and production takes place. During subperiod B output is mar-
keted, cash flows from production are realized, and the factors of production are paid.

To extract the maximum rents from the market opportunity, the firms should set their
total output at the monopoly level in each period. In the absence of legally enforceable
contracts that bind other firms to do likewise, however, it will in general not be individually

! Note that oligopolistic interaction in these models is noncooperative, i.e., there are no side payments between
any of the parties.

21t should be noted that the existence of optimal capital structure in this article does not depend on the
presence of bankruptcy costs or tax advantages to any class of securities. Allen (1986 ) analyzes the tradeoff between
tax advantages of debt and indirect bankruptcy costs as a determinant of capital structure in a two-stage duopoly
in which the equilibrium concept changes from simultaneous Nash to one where a financially distressed firm moves
second.
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rational for each firm to set its output level at 1/n of the monopoly level, say gf, with the
corresponding one-period profit level #§. The reason is that even if an agreement can be
reached to restrict the production of each firm to g7, it is in the interest of each firm to
renege on the agreement.

In the absence of credible punishment for deviations from a (possibly tacit) agreement,
each firm can do no better than to maximize its profits myopically in each period. The
equilibrium output of each firm in each period is then given by the Nash equilibrium of
either a Cournot or Bertrand game. Let the strategy of producing the one-period Nash
equilibrium output (¢}°) in each one-period game be N[g;°] and the corresponding one-
period profit level be «}°. The profits at this equilibrium are generally lower than would be
the case if firms produced g5, and it is advantageous for the firms to devise a mechanism
that facilitates tacit agreement. But in equilibrium any threat a firm uses to discourage its
rivals from deviating must be one that the firm would find individually rational to carry
out in the event of a deviation. A threat that would not be carried out following a deviation
is not credible and cannot be used to support the implicit agreement equilibrium.

A type of product market strategy that permits the attainment of an equilibrium in
which output is restricted is a “trigger strategy.” Trigger strategies have been studied exten-
sively by Friedman (1971), Brock and Scheinkman (1985), Porter (1983), and Green and
Porter (1984). A firm following a trigger strategy will commence by producing at an output
level, say ¢°, and will maintain that output unless one of its rivals deviates. Should this
occur, the firm produces at some other prespecified output level in each subsequent period.

Formally, by analogy with Brock and Scheinkman, define the first defection date, D;,
as

K if gi=4¢° Jj=1...nm, t=1,2,3,...
- [min (tlgy # q° forsomej=1...n) otherwise.
A trigger strategy T[¢°, 4] is then defined as:
~ q° if t<D,
= {q if t>D,

where § is some typically higher output level different from ¢°.

Of particular interest are trigger strategies where § = g™. Output ¢° can be sustained
by trigger strategies if for each firm the present value of a stream of profits 7° is greater than
the sum of 7%, the one-period profit from optimally deviating, while all other firms are
producing ¢°, and the present value of a stream of profits #™. If #° + #%/r > x? + x™/r,
where r is the discount rate, it does not pay to deviate if other firms do not. If
7% + 7% r < =% + x"/r, it does pay to deviate and ¢° cannot be sustained by trigger
strategies, because each firm knows that its rivals will find it individually rational to deviate
immediately, and will be playing N[¢"™] from the start.

Equilibria in the given trigger strategies are of particular interest, as such trigger strategies
are credible in the following sense: if a firm is following T[g°, "] and a deviation occurs,
then by the properties of Nash equilibrium, it is profit maximizing for each firm to produce
g™ in each period, if each rival is also producing ¢"™. Thus, the threats of sanctions that
induce compliance by rivals are not empty. Such an equilibrium is subgame perfect in the
sense of Selten (1975).3

3 The trigger strategies discussed in this article specify that there can never be a return to the output level g°
after a deviation. The analysis would be largely unchanged if there were a reversion to this output level following
a “punishment phase” of appropriate, finite length during which firms produced ¢™. The qualitative insights would
also be largely unchanged if there were an exogeneous limit on the duration of the punishment phase. Similarly,
Abreu’s (1986) innovative equilibrium concept for repeated games has not been adopted to maintain focus on the
capital-structure decision.



