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1. Introduction

It is often acknowledged that the question of how firms choose their
capital structure has not been satisfactorily answered yet: current theories
seem to be unable to explain the financing decisions firms actually make.

The debate has mainly centered around two apparent empirical
regularities. Firstly, many firms paying corporate taxes use only a small

amount of debt: debt ratios are typically of the order of 20 to 30 percent

(Taggart (1985)). Secondly, similar firms in the same industry often have

significantly different capital structures (Remmers et al. (1974)).

The most widely taught theory of capital structure is still perhaps
Modigliani and Miller (1958) extended to include corporate taxes and
bankruptcy costs. This argues that firms trade off the corporate tax
advantage of debt arising from interest being tax deductible, against the
costs of bankruptcy. Given the first regularity, these costs must be large
for the theory to be plausible. In many early papers liquidation costs, which
are potentially large, are the main costs the authors seem to have in mind. A
possible reason is that bankruptey is often followed by liquidation: Stanley
and Girth (1971) found only 12} percent of corporate bankrupts reorganized and
of these 60 percent were ultimately unsuccessful. However, as Haugen and
Senbet (1978) stress liquidation is a capital budgeting decision whereas
bankruptey is a transfer of assets: standard models do not explain why
bankruptcy should cause liquidation. Given this, the trade-off theory is
difficuit to reconcile with the first observation since the other costs appear
to be small. As Myers (1984) argues, it also seems inconsistent with the
second since it suggests similar firms should have similar capital structures.

These and other difficulties have led to alternative theories being



another is to invoke asymmetric information. These are again difficult to
reconcile with the empirical evidence. (For a survey see Myers (1984).)

A theory of capital structure is presented below where bankruptcey causes
partial or complete liguidation. It is based on imperfections in firms'
product markets: most corporations, particularly large ones, operate in
product markets with only a few firms. For simplicity, a linear duopoly model
with a Cournot market structure is analyzed. In addition, it is assumed that
because of the way the bankruptcy laws operate, which is described below, the

effect of bankruptey is to delay investment decisions. This delay is not
costly in itself. However, given the imperfectly competitive product market,
it means the bankrupt firm is at a strategic disadvantage and is forced to
contract if fixed costs are small or liquidate if they are large. Thus when
choosing the amount of debt to use, firms trade-off the corporate tax
advantage against these liquidation costs. The nature of equilibrium also
depends on the fixed costs of capacity. If these are small, the equilibrium is
symmetric so both firms adopt the same strategy. If they are large the
equilibrium is asymmetric: one firm goes for the tax advantage of debt and
the other goes for the strategic advantage of equity. Thus, even though the
firms are similar, they can have different capital structures.

In a recent paper, Brander and Lewis (1985) also consider investment and
financing decisions in a duopoly. In their model, even though there is no tax
advantage to debt, equilibfium may involve positive debt levels because
bankruptey costs effectively allow firms to precommit to a particular
output. Their results provide an interesting contrast to those obtained here.

The paper proceeds as follows. Section 2 outlines the model. In Section

3 equilibrium is analyzed. Section 4 discusses the consistency of the model

- - - o I am



2. The Model

There are two identical firms denoted j and k. The market structure is
Cournot: each period the firms produce quantities qJ and Qer place them on
the market and together these determine the market clearing price p.

Demand for the industry is stochastic. The demand curve has the form

p:a-s(qj+qk) (1)

where the intercept a is a random variable but the slope 8 is a constant. The

dansity funstisn of & 18 linear!
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where a = a, + 1 (see Figure 1). It is assumed that a is sufficiently large
that in equilibrium
p>0 (3}
for all possible realizations of ao. The a's in each period are independent.
A firm's output is equal to its capacity which is determined by its

initial investment Ij. The cost of capacity is a linear function:

I. = , fo o> 0
gt Ny Y

= 0 for q. = 0
qJ

where ¢ is the fixed cost and u (< E) i1s the constant marginal cost.

There are two periods ¢t = 0, 1, 2. The sequence of events in each peried
1s the following.

(i) Initially firms make their investment decisions which determine their

capacities. Af the same time they make their financing decisions. The



decisions and use the proceeds to pay the costs of their investments, All
this is done before a is realized.

{(ii} Output is produced; a is realized.

(1iii) The two firms' quantities, together with a, determine the price.
Revenue pq is received. This is used to pay the corporate income tax and make
payments on the securities issued at stage (i).

Capital markets are perfectly competitive and frictionless. Investors
are risk neutral and securities sell for their expected value.

Firms have two financing instruments: debt and equity. Debt is a

promise to repay D at the end of the period or the firm goes bankrupt. Equity
receives the profits (if any) remaining at the end of the period after taxes
and payments to debtholders.

At the start of each period, before firms make their investment and
financing decisions, they are entirely owned by equityholders. When firms
finance their investment they issue debt with par value D. If the debt is
risky, its market value DM will be less than D. The remainder required to
finance the investment, I - DM, is raised by issuing equity. Since the
capital markets are perfect, the originali shareholders total expected return
is the expected value of the firm. Hence their objective when they make the
investment and financing decisions is to maximize this;

The corporate tax rate is t (0 < t £ 1}. Investment costs are tax
deductible. So is interest. For ease of notation, it is assumed the {(after-
tax) real interest rate is zero and all the variables are in real terms. This
greatly simplifies the expressions by allowing discounting terms to be
omitted, without altering the results significantly. There is a positive

nominal rate of interest so that for a firm using debt D, 8D {0 < § £ 1) is
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paid by a firm, T, are:
T = t[pq - (¢ + uq) - D] . (5)

Taxes are paid when the tax base is positive and subsidies are received when
it is negative. To prevent firms from issuing an infinite amount of debt D,
and claiming the infinite subsidy this would give rise to, there is an upper

bound Du on the amount of debt that is tax deductible:

DsDu. (6)

This corresponds to the limited loss carryover provisions in the actual code.
For simplicity there are no personal taxes on either debt or equity
income or equivalently the marginal personal rate on equity income is the same

as the marginal personal rate on debt income.
Bankruptcy occurs when the total receipts at the end of the period from
selling the goods less any tax payments (or plus any subsidies) are

insufficient to repay the debt:

pg - T <D. (7)

This condition assumes that equityholders do not have the opportunity to raise
funds against future profits and use them to repay the debt and possibly
prevent bankruptcy. This is the simplest case to consider: if future profits
were included in the bankruptcy condition, there would still be a determinate
bankruptey point and a similar analysis to that below would be possible.

The condition also assumes that the equityholders cannot repurchase the
debt at its current market value just before bankruptcy as suggested by Haugen

arnd Senbhetr (107RY  The dustification for this is that it will be difficult



there is a free-rider problem. Given some people accept the repurchase offer
from the firm, anybody who holds out and refuses the offer can expect the
value of their securities to increase. This is because if the firm were then
to go bankrupt its assets would be divided between fewer bonds and so the

payoff on each would be increased. Roe (1987) terms this the "buoying up

effect." The end result of it is that standard debt cannot be repurchased.

It is not possible to use forms of debt contract which allow conversion

%0 equity just before bankruptcy or owher forms of debt contract which permit

bankruptey to be avoided. The reason is the restrictions placed on bond

contracts by the Trust Indenture Act of 1939, Roe (1987) points out the
purpose of these restrictions is to precipitate bankruptey. The proponents of
the law suggested that to prevent minority bondholders being cheated, it is
necessary to ensure that any change in a bond's terms occur in bankruptcy
under the supervision of the court rather than before bankruptcy. Without
such protection it was argued that equityholders would obtain a majority of a
firm's bonds and vote to expropriate the minority bondholders. In fact for
these reasons it was standard practice prior to 1939 to issue bonds which did
not allow bankruptey to be aveided. Thus not only is debt of this type not
observed currently, it was rare historically.

The effect of bankruptey in the model is to cause a delay in a bankrupt
firm's investment decision. The basis for this is the operation of the
bankruptey laws. With the current Bankruptey Reform Act of 1978
reorganizations occur under Chapter 11 of the code. This replaced Chapter X
of the previous code, which was intended primarily for large corporations, and
Chapter XI, which was for smaller businesses.

After banicruntey occours 3 nlan of reoreganization must bhe acreed upon.



investments or sales of assets. The plan must be approved by two-thirds of
each class of claimant. If it is rejected, an amended plan is produced and
the process repeated until one is approved. Once the plan is agreed upon the
judge must also give his consent to it. The firm can then emerge from
bankruptey and continue operations normally. Although it is possible for
those in control of the firm to sell assets or raise money outside of the

plan, the approval of the judge must be obtained and this is only given in

special cases, Moreover, even if this is obtained it can be challenged by tng

securityholders of the firm. If any claimants' bargaining power is reduced by

the change they will have an incentive to do this. (For a description and
examples of the operation of Chapter 11 see Baird and Jackson (1985).)

The bankruptecy process is usually protracted. Roe (1987) gives a figure
of 3 years for a typical reorganization of a large corporation. Altman (1971)
found for a sample of 90 firms that the average time under the old Chapter X
was 2} years. Stanley and Girth (1971) give a figure of 1} years under the
old Chapter X1. It is this lengthy process and the restrictions placed on the
firm while it is going on which is the basis for the assumption that the
investment decisions of the bankrupt and solvent firm are not simultaneous.

Thus in t¢he model, the effect of bankruptcy at the end of a period is to
delay the investment decision at the start of the next periocd. If both firms
are in the same position at the end of period 1 so they are either both
salvent of both bankrupt, they make their decisions simultanecusly at the
start of period 2 and so play a Nash game. However, if one firm is solvent
and the other is bankrupt so its investment decision is delayed, they play a

Stackelberg game with the solvent firm as leader and the bankrupt one as



3. Equilibrium

A rational expectations perfect Nash equilibrium concept is used. The
focus of the analysis is on pure-strategy equilibria, which always exist in
this version of the model. Other possible types of equilibria are discussed in
Section 5.

The solution procedure involves solving backwards by first looking at the

possibilities in period 2 and then analyzing the decisions for period 1 given

that the firms play equilibrium sbrabegies in the period 4 subgames. The

equilibrium of the model depends crucially on the level of the fixed cost of

capacity ¢. These determine the outcome of the Stackelberg subgame the firms
play in period 2 if one of them goes bankrupt at the end of period 1. If
there are no fixed costs, it is always profitable for the follower to remain
in business at a reduced size. However, if these are sufficiently large, it
is optimal for the leader to expand and make the profits of the follower fall
below the level of the fixed costs. This causes the follower to liquidate and
the leader becomes a monopolist. The magnitude of fixed costs therefore
determines the marginal cost of bankruptcey and hence the form of equilibrium.

In Subsection A the case where ¢ = 0 is analyzed; the opposite extreme
where tﬁe fixed costs are large is locked at in B, and C deals with the

intermediate case. Finally D contains a brief summary.

. No fixed costs of capacity

In this subsection it is assumed there is only a marginal cost of

capacity so

First, consider decisicns for period 2, which are made at £t = 1. Since



that firms will always use as much debt as possible. To save having to
repeatedly write a lump sum subsidy component, TDU, in profit expressions, it

is simplest to assume that in period 2 DJ = Du = 0. At t = 1 the only

decision firms are then concerned with is the level of investment I or
equivalently their period 2 capacity Q-

There are two possibilities at t = 1. Either both firms are solvent or
both are bankrupt in which case they play a Nash game. Alternatively, one
firm is solvent and the other is bankrupt in which case they play a
Stackelberg game. Consider the Nash game first. Each firm chooses its second
period capacity to maximize expected profits given the other firm's capacity:

Max (1 - Ofa - 8la; + ay) - ey, (9)

ay;

taking Qo as given.

The first order condition implies

- q
e -1 _ 2k
95 * 28 N (10)

Similarly for k. Solving these simultaneously gives the standard results

_a- (1. L
q2j = T35 En2j = (1 ) 3 (1)
where E“2j is the expected prefit of j in period 2 and
- 2
z:(C‘_;U_)__ (12)

The other possibility is that one firm, say firm k, is solvent and the
other, j, is bankrupt. Firm k acts as leader and makes its investment
decision while j is tied up in bankruptey court. When j finally makes its

investment decision it takes k's as given. Firm k takes this into account
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decision as follower is

Max (1 - ) - Blay, + ay) - wlay, (13)
qzj

taking Qo) @S given. Hence

- = (14)

Then k's decision as leader is

_ o

Max (1 'T){“'B|QQk+[gg T” -u}qgk . (15)
Yok
It follows
Uy 3 ;2; by Bry = (1-10) % (16)
yy = Eﬁﬁ‘k ; Emyy = (1 - % . (17)

The effect of a single firm going bankrupt can be seen by comparing (11)
with (16} and (17). The leader expands its capacity above that in the Nash
case. The follower is at a strategic disadvantage, and as a result has a
lower capacity than before. The bankrupt firm is worse off since its profits
are reduced from (1 - t}2/9 to (1 - 1)Z/16 but the solvent firm is made better
off: its profits are increased from (1 - t)2/9 to (1 - t}Z/8. Hence the
delay in a firm's investment decision, although not costly in itself, means
bankruptcy is undesirable.

Next consider the decisions of the firms at t = 0. In period 1 it is
assumed that Du > 0. The analysis will be concerned with interior solutions
such that (6) does not bind.

In period 1 firm j's expected profits are



where qj and qy are the firms' period 1 capacities and DJ its period 1 debt.
The realization of the demand parameter a at the end of period 1
determines whether or not the firms go bankrupt and hence the type of game
played and the expected profits in period 2. In order to derive an expression
for j's expected profits in period 2 evaluated at t = 0, it is necessary to
define the level of demand, a?, such that firm j goes bankrupt at the end of

period 1. Using (1), (5), (7) with an equality, and (8),

- 18y i
a§=[1_r]gjl+s(qj+qk>-

1 -1

For values of a above aﬁ, firm j is solvent; for values below it is

bankrupt. Similarly for k. If a} > aE then

u* a# o +2
k4 S g
Eny, = (1 - O] 5 fla)da + [~ 3 fla)da + | £ f(a)da)] . (20)
J a 9 aE a¥ 9

As illustrated in Figure 2, for a between o, and GE both firms go bankrupt and

in period 2 they play a Nash game so j's expected profits are (1 - 1)Z/9.
From u; to a? firm j is bankrupt but k is not: they play a Stackelberg game
with j as a follower so its expected profits are (1 - t)Z/16. For a

above uj they again play a Nash game.

® < #*
For aj € ag

*

k a +2
fla)da + f % fla)de + f % f(a)du] . (21)
aj a;

a Qa

*
]
Eﬁ2j = (1 -]

[Fa ] lar

a
¢
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Since the objective of the initial shareholders is to maximize the total
value of the firm as explained in Section 2, firm j's decision problem at

t = 0 for choosing its period 1 capacity and debt is

qMag ij z E“1j + Enzj (22)
N

taking Qe and Dk as given,

The equilibria of interest are those where firms are at interior optima

and 5o attention 15 restricted to these, Two types are possible, The first

is symmetric with a} z a; so both have the same capacity and debt. In the

other a? > a; (say) so that it is asymmetric: one goes for the tax advantage
of debt and the other goes for the equity advantage of being leader if demand
is low. These are analyzed in turn.

In a symmetric equilibrium, each firm has the same level of debt and
capacity. For an equilibrium to exist each firm must perceive that if it
increases or reduces its debt or capacity, taking those of the other firm as
given, then its profits will fall.

First consider firm j's debt decision. Differentiating (19) gives:

Jat
1. (l=zéy L (23)

= 0 . (24

Hence if j increases its debt a small amount then aﬁ > ai and so (20) is the

relevant expression for period 2's profits. Thus



where

7
mp = (1 - 8) Eyy Z. (26)

The first term, t§, in (25) is the tax benefit in period 1 from
inoreasing debt. The second term is the loss in expected profits in period 2
arising from the fact that j will go bankrupt in more states. In these
states, instead of having expected profits of (1 - 1)2/9 when playing a Nash

game, as Stackelberg follower j only has (1 - 1)2/16 so that the difference
between them is (1 - 1)(7/144)Z. The reason f(a) is given by (2a) is that
this is necessary for there to be an interior solution; otherwise Enj would be
convex in Dj.

In contrast if ] reduces its debt then GE { a; and (21) is the relevant

expression for period 2 profits. Thus

aEn (a* - a )
s am ——— (27)
aD L q
J J
where
mo= (1 - 18)2r Z (28)
L~ 144 :
It can be seen
mg > m (29)
and
3" 3EW, {(a¥* - a )
1. _d.m -m)—L—2 <o (30)
BDj aD L F qj

so that ij is kinked at ag = a;. Moreover, the kink is concave so that it
can correspond to a maximum.
Changes in capacity can be similarly analyzed. Since these affect the

levels of demand the two firms go bankrupt at, there is again a kink: an



-14-

This means the kink is again concave so that it can correspond to a maximum.
These changes of capacity and the other features of the symmetric equilibria
of the model are considered in detail in Section I of the Appendix.

The second type of equilibrium that could exist is asymmetric with

a* # o*  This possibility is considered in Section II of the Appendix. It is

] k

shown formally there that an asymmetric equilibrium cannot exist when mp >

my . To see why this is, suppose for the sake of discussion

ﬂ; / QE | (3]}

In such an equilibrium firm j goes bankrupt in states that k doesn't.

Consider firm j's debt decision. If the firm increases its debt, aj rises and
its payoff in the marginal states switches from the Nash level of (1 - 1)Z/9
to the Stackelberg follower level of (1 - t)Z/16. Given (31}, a small
reduction in debt leads to the opposite, namely a switch from the Nash level

to the Stackelberg follower level. Thus the left- and right-nand derivatives

are egual.

‘1: J: J:TG-m—J——z"O. (32)

In contrast to the symmetric case, the right and left-hand derivatives are
equal and there is no kink. Similarly for k. If it increases its debt level,
its payoff in the marginal states switches from the Nash level of (1 - 1)Z/9
to the Stackelberg leader level of (1 - t)Z/8. If it reduces its debt level

the change is reversed.

— = — T — =t§ -m —m =0 . {33)
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for the two firms must be equal:

Now mg > mp and a* > a*. The only possibility if there is to be an

J k
equilibrium is that qj is sufficiently larger than q . It is shown in Section

11 of the Appendix that this is not possible.

The basic problem is that firm j not only has a high cost of bankruptey

) it also has a high marginal probability of going bankrupt, (a§ . 02)' In

contrast, k has both a low cost of bankruptey, m, and a low marginal
probability of bankruptcy, (a§ - al)' Firm j's marginal bankruptey cost of
debt is therefore higher than k's. However, in equilibrium they must be equal
since both firms receive the same marginal benefit from the tax shield
provided by debt. Thus no asymmetric equilibrium can exist.

The results of this section are summarized by the following proposition.

Proposition 1

When ¢ = O the only type of equilibrium that exists is symmetric with
u? = aﬁ. At each firm's optimum in such equilibria, profits are a

nondifferentiable function of capacity and debt.

B. High fixed costs of capacity

In this subsection the fixed cost of capacity is such that

Z Z
TR 3 (35)



As before, in order to find the equilibrium it is necessary to first
consider investment decisions at t = 1. If both are solvent or both are
bankrupt the firms play a Nash game similarly to (9) except with the inclusion
of 4. Each firm's optimal capacity is again as in (12) and their expected
profits are

Z
Eny, = (1 - 0[5 - o] . (36)
When one firm is solvent (say k) and the other is bankrupt (say j) they

play a Stackelberg game with k as leader and J as follower. In this case if

Uy, (o - u)/28 as in (16) then it follows that the highest profits j can

obtain with a positive output are
En,. = (1 - 0)[5 - o] . (37)
2] 16

The left-hand inequality of (35) implies E“zj < 0 and j's optimal strategy in

this case is to liquidate so that

The g, in (16) was derived on the assumption that q2j = (a - u)/48. However,
it turns out even if q2j = 0 that k can do no better than SPYR (a - u)/28.
This can easily be seen from the first order condition for k's problem as a

monopolist. Thus k's profits when it is the Stackelberg leader are

Eny, = (1 - OF - o] . (39)

The analysis of decisions at t = 0 is then similar to that in A.

Expected profits in the first period En11 are as in (18) except for the
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Profits are of this form since between a* and u* j is forced to liguidate and

]

receives nothing in the second period. If a3 <a k’ j 1s the leader between

a} and a; and receives (1 - t)(Z/4 - ¢):

* at ot
E1r = (1-1) [I (— - ¢)f(a)da + [ *(IZI - ¢)f(a)da + | *[-g- - o)fa)da] . (41)

a a

% ] k

For symmetric equilibria the partial derivatives of an with respect to

DJ are the same as in (25) and (27) except now

4
m = (1= 18)[3 2 - 4 (42)
m o= (1-16) 2227 . (43)
L 6
In contrast to (29),
my < m . (44)

Hence there cannot be any symmetric equilibria since from (30) the kinks at
firms' optima are now convex and correspond to minima rather than maxima.

Next consider the possibility of an asymmetric equilibrium. The analysis
is similar to that in A except now mg and m; are given by (42} and (43)
respectively. Since mp < m it is possible for (34) to be satisfied so an
asymmetric equilibrium can exist. This is shown formally in Section II of the
Appendix. The basic resason is that firm j which has a high marginal
probability of bankruptcy now has a low marginal cost of bankruptcey; firm k,
which has a low marginal probability, has a high cost. [t is therefore
possible for both firms to have a marginal bankruptcy cost of debt equal to

its marginal tax benefit.

T ety ]l ke mE o artbhoeanmtFiaAar ars armmari~cad by the ol lnwing
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Proposition 2

For 2/16 < ¢ < 1/9, the equilibria are asymmetric. If a} > a; (say),

then for realizations of o in period 1 such that a; <ol u} , the bankrupt

firm j liquidates at t = 1 and k becomes a menopolist in period 2.

C. Intermediate fixed costs of capacity

This subsection considers the case where

L

0(¢<16. (1)

With no fixed costs of capacity, a bankrupt firm acting as follower
chooses a smaller capacity in the equilibrium at t = 1 than it would if it
were not bankrupt. With a high fixed cost, a bankrupt firm acting as follower
liquidates. With intermediate fixed costs, it is shown both of these are
possible: below a certain level ¢? the follower stays in the market; above
it, the firm leaves. Similarly, the equilibrium is symmetric for ¢ below a
certain level ¢3(> ¢?) and asymmetric above.

Consider the decision of a bankrupt firm, say j, at t = 1 given that the
solvent firm k has already chosen capacity q,. It can either set q2j =0, or

it can set it so that (1Y4) is satisfied and profits are maximized given a

positive capacity. Its profits in the latter case are

- q
B,y = (1 - r)[s{"28 = - —%5)2 -6 | . (46)
Hence if
(= 2 : - qzk)g : %i (47)

the firm liquidates; otherwise it stays in the market.

o o I . . . - B « - < e s a ™ e g T T
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strategy is also to choose a capacity of (a - u)/28 but now j remains in the
market. For intermediate ¢, k has two possible courses of action. Firstly,
it could set g, so that (47) is satisfied: this pushes j out of the market
and k becomes a monopolist. Altermatively, it could allow j to remain in the
market. In order to determine which of these it should do, it is necessary to
find the profitability of each.

If k¥ is a monopolist its profits are

Engk t(1e1)

Gere Byl - ) 9

It follows that for k to be able to make a positive profit oy C {a - u}/B.

Given this, (U47) is satisfied if

a2 50 - 2(%)% : (49)

When ¢ < Z/16 the right hand side of this inequality is greater than

(ad - u)/28. For such Aoy k's profits as a monopolist are a decreasing
function of capacity. Hence if k wants to force j to liquidate it should
choose q, so that (49) is satisfied with an equality. Its expected profits
are then

Engk = (1 - r){e(g)%(E - u) - 58 . (50)

If k allows j to remain in the market it can be shown similarly to the
case where ¢ = O that its optimal capacity is again (¢ - u)}/28 and its
expected profits are

Ew;j = (1 - r)[% -9} . (51)

Tt follows from these that for ¢ satisfying (45)
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¢¥ = 0.0054 Z . (53)

A1l this implies the following proposition.

Proposition 3

In the Stackelberg equilibrium at t = 1, if 0 < ¢ < ¢? the solvent firm
chooses a capacity of (o - u)/28 and the bankrupt firm stays in the market at

a reduced size. For ¢? ¢ ¢ ¢ Z/16 it is optimal for the solvent firm to

expand capacity above (v - 1)/28 and force the bankrupt firm to liquidate,

The other question of interest concerns whether the equilibria at £ = 0

in this intermediate case are symmetric or asymmetriec, It can be seen from
the analyses of the previous subsections that this is determined by whether mp
is above or below my. If mp > my the equilibrium is symmetrie; if mg < mp it
is asymmetric,
For ¢ < ¢?,

symmetric. For ¢ > ¢?

mp and m; are as in (26} and (28) and the equilibria are

mF = {1 - 16)(% - ¢] (54)
- Z
no= (- )[2@)Ha - w - £ - uel (55)
Hence
m. 2m as o S g% {56)
F <L > T2
where
¢S = 0.0198 Z . (57

This gives the folilowing.



D. Summary

The results of this section are summarized diagrammatically in Figure 3.
The crucial determinant of the form of equilibrium is the fixed cost of capa-

city, For 0 < ¢ = ¢? a solvent firm acting as a Stackelberg leader at t = 1

chooses a capacity of (a - u)/2B. The bankrupt firm acting as follower is
foroced to reduce its size relative to the equilibrium if it were not bankrupt,

but still remains in the market. For ¢# ¢ ¢ < 2/16 the solvent firm expands

1ts capacity above (a - p)/28 in order to force the bankrupt firm to liqui-

dace. For 116 <o S T/9 the Solvent firm proguces UG monogoly oubpus finien

is again (a - §)/28 and the bankrupt firm's best response is to liquidate.

As far as the equilibrium at t = O is concerned, it is symmetrie so that
firms have the same capacity, use the same amount of debt, and so on if
0 < ¢ < o¥, It is asymmetrie if ¢; < & £ 2/9: one firm goes for the tax
advantage of debt and the other goes for the equity advantage of being able to

force the debt firm out of the market if demand turns out to be low.

4, Relationship to Empirical Evidence

The model developed in this paper involves a number of simplifying
assumptions such as there being two periods, linear demand and density
funetions and so on. These are designed to allow theoretical results to be
derived. Their disadvantage is that, as it stands, the model is an unsuitable
basis for an empirical investigation. However, it is possible to demonstrate
that the theory is broadly consistent with the two regularities mentioned in
the introduction as well as with a number of other observatiops.

The first was that most taxpaying firms use predcminantly equity finance:

o N - P - o~
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Table !
Debt Ratios in Various Regulated and Unregulated Industries in 1962,

Industry Debt as % of Total Financing
Railroads 49.0
Electric and Gas Utilities 54.9
Mining 24,6
Industrials 32.5

(From Table 2 of Schwartz and Aronson (1067))

and as a result they will be forced to either partially or completely
liquidate. Since liquidation costs can be significant, this implies the
marginal bankruptey costs of debt can be large. Even at low debt ratios the
model therefore provides a rationale for why marginal bankruptcy costs might
be large enough to offset the tax advantage of debt.

The second observation was that similar firms in the same industry often
have different capital structures. In asymmetric equilibria of the model the
two firms can have capital structures that differ significantly, which is
consistent with this.

One of the implications of the model is that other things equal, debt
ratios will be lower in industries where strategic considerations are
important than in industries where they are not. Much of the empirical
literature on capital structure undertaken in the late 1960's and early 1970's
focussed on whether the use of debt varied across industries. Schwartz and
Aronson {1967) found that in the industries they considered which are
regulated, namely railroads and utilities, the debt ratios are much higher

than in the unregulated industries, mining and industrials (see Table 1}.This
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strategic interaction between firms within regulated industries, whereas in
unregulated industries there typically is.

There is some evidence that the difference in capital structures between
regulated and unregulated industries was even more pronounced before the

introduction of the corporate income tax in 1909. Dewing (1914) writes (p.6):

The reason why upwards of U0% of the railway mileage
of the country passed into receivers' hands during the
depression following the panic of 1893 was that a

large part of the capitalization of these railroads

was represented by bonds carrying fixed charges

enforceable at law. The reason why so few of the
industrial consolidations failed, in the legal sense

of the word, during the depressions of 1903 and 1907

was that practically all their entire capitalization

was in the form of stocks with no legally enforceable

claims to interest and profits.
In addition to the differences in capital structure, this quotation also
indicates the incidence of bankruptey was much higher among railroads than
industrial firms. Despite this, liquidations of railroads were rare whereas
liquidations of industrial firms were not.

A recent illustration of the problems and delays involved during
bankruptcy is provided by Braniff Airways. During the late 1970's and early
1980's Braniff was a major carrier operating over 100 aircraft and employing
around 9,500 people. In May 1382 it filed for bankruptcy under Chapter 11. A
plan of reorganization was eventually approved in December 1983. During this
period its major competitors at its Dallas-Fort Worth base, American and Delta
Airlines, expanded their operations there. When it finally emerged from
bankruptcy Braniff was much smaller in size, operating only around 20 aircraft

and employing less than 2,000 people. Even at this reduced size it is not

clear the company is viable {Wall Street Journal (1984)).
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5. Concluding Remarks

The model can be extended in a number of ways. It is assumed above that
the firms' assets depreciate completely within one period. This implies that
the only costs of liquidating are the profits the firm would have obtained if
it had remained solvent., However, the analysis can also be applied to the

case where liquidation involves selling the assets of the firm and this is
costly. If in the second period a firm can sell its assets at some constant

marginal cost, and there is a fixed cost of maintenance, a similar theory to

that above holds. The industry considered has only two firms, but the analysis

can be applied to the case where there are more than two. The main difference
would be that in the Stackélberg equilibrium, there would be multiple leaders
and followers. In general, the more firms there are, the less the strategic
interaction between them and the less the disadvantage of going bankrupt
becomes. Another assumption of the basic case is that the only debt a firm
can issue is short term, lasting for one period. Provided that there is a
positive nominal interest rate so that a possibility of bankruptcey at the end
of the first period exists, it is clear that the results obtained above still
hold even if long term debt can be used. (For a more detailed description of
these extensions see Allen (1986).)

The analysis above is concerned with pure-strategy equilibria which
always exist in this linear version of the model. In general, mixed-strategy
equilibria may exist and these might have higher ex ante profits for the
firms, 'Also, equilibria with coordinated strategies in which one or other
firm randomly dominates the industry may exist which might have yet higher ex

ante profits. The standard way in which these types of equilibria are made

e A a a1 2 bl imm o a Heatipi £ AaatriAani! aresimment {(epa &8 o
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associating the random choice over the possible strategies with private
information of the agents. The original equilibrium with stochastic behavior
then corresponds to a pure-strategy equilibrium of the new game. Finding
extensions of the model above with interesting specifications of private
information which might implement such mixed-strategy and correlated

equilibria is a topic for future research.
In conclusion, this paper models bankruptey as causing a delay in

investment which in itself is costless. If the product market is imperfectly

competitive, this delay puts a bankrupt firm ab a strategic disadvantage. In

particular, the bankrupt firm is either partially or completely pushed out of

the market and forced to liquidate by the solvent one. In such cases the
total costs of bankruptey include these costs of liquidation. 1In equilibrium
firms determine their optimal capital structure by weighing the tax advantages
of debt against its bankruptcy and liquidation costs.

For many years the most widely taught theories of capital structure have
involved a trade-off of one sort or another. In essence the model presented
above is also a trade-off theory. It is more complex than traditional
theories in that it suggests firms take account of their strategic position
within an industry. The effect of this is that bankruptecy leads to
liquidation. As a result the theory provides a rationale for why liquidation
costs should be included in bankruptey costs and hence why these may be
large. It is also consistent with the fact that similar firms in the same

industrj often have such different capital structures.



I. Symmetric Equilibria

In this section symmetric equilibria of the model where firms are at
interior optima are analyzed. It is shown that such equilibria can only exist
when Mg > M .

The effect of changes in debt on profits are given in (25) and (27).

Next consider changes in capacity. Now,

ot D, 3ok
E-J z - [%—:—lg) —% + B8 < 5—k = (A1)
4 =1 q 4

For increases in capacity (21) is therefore the relevant expression for E"2j‘

Using the fact that a* = a* it can be shown:

] k
3Em" _ E.j.
- - - - * _
gaﬂl = {1 r)[a u S(ij + qk)] + mL(uJ QE) > (42)
J q;
J
For reductions in capacity (20) is relevant, so
3ET, _ E.l
N - -y - * _ '
g, - (1 - 0o - u s(2qj + qk)] + mE.(uj ai) > - (43)
J Q.
J
Hence
3Ex"  SEm, D,
—J1_ 1. - * _
T - (mL mF)(aJ ag) 5 <0 . (al)
] ] qj

There is again a kink which is concave so that it can correspond to a maximum.

Similarly for k.



the point could not be a maximum.
When firm j increases its debt it goes bankrupt in more states than k and
becomes the follower in these. When it decreases its capacity firm j also

goes bankrupt in more states than k. Hence one extreme equilibrium is where

aEn}/aDJ and aE“S/an are both zero. This involves bankruptey in the fewest

possible states so that a} z a; is at a minimum. Solving (25) and (A3)

simultaneously and using (19) it can be shown:

16[(1 - TG)(; - u) o+ TSG& + 125u/(1 - r)l

oA - ; (15)
J (3 - w8)amy - (x8)
m.{a* - a )
q, = =l % (A6)
J té
1 - 1
D, = (7= TG)[aijt - 280 + /(1 - -c)]qj , (AT)

The other extreme involves aEvE/aDJ and aEwE/an both equal to zero. The
equilibrium is as in (A5)-(A7) except mp is replaced by my. It involves
bankruptcy in the most states so that ag = a; is at a maximum.

It can be seen that there always exist solutions to (A5)-(A7). However,

these only correspond to an interior equilibrium if
0 < a? -a, 1. (A8)

Otherwise equilibrium involves corner solutions to the firms' debt or capaeity

choice problems.

II. Asymmetric Equilibria

In this section it is shown that asymmetric equilibria where firms are at

interior optima can only exist when mg < m; . As in the text a* > a¥.

J K
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conditions corresponding to debt choices are given by (32) and (33). For

capacity choices they are:

3Ew D
1. gt og el =
3, (1-)|a-p- B(2qj+qk)] [ )BmF at-a}) + mF(uJ ug)q2 =0 (A9)
J
Ex Dk
—2 *q¥) g )= =
% = (1-1){a-u-8(q J+2qk )] + [ ] mL al-af) + mL at-a, 2 0. (410)
L
Solving these simultaneously it can be shown
BmL
aj -a = C(BmF = 1§) (A11)
B
ai -a, = C(BmL * s 6) (A12)
(a* - a )
4y = mF'““l-;g"&- (A13)
(a* - a )
) kK~ %
q =M (a14)
DJ = (1 - 16][a? - B(qJ + qk) + /(1 - r)]qJ (415)
D, = (=) [at - 8(q, + q) + w/(1 - Da (416)
where
¢ = {1 -x8)a-[1- 8- P61 - 0)]us wsa}/
(817}

[(x6 - 28m_/x6)(xs - 28m /x8) - 8°(m - m /x6}(m - m_/<8)] .

L

If C < 0 then only corner solutions are possible. This follows from the

fact that given (2) and (31} it is necessary for an interior solution that
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This along with (A11) and (A12) implies that if C < O then
wo (m)b 5w (em? (419)
Also (32), (33), and (A18) imply

<= (420)

Using (A19) and (A20) together with the definitions of mp and my, it can be
shomn that for all ¢ such that 0 < ¢ < 29,

@ - u - 8(qg +2q) >0, (421)

J

Taking this along with (3) and (31}, it follows that (A10) cannot be satisfied
since all the terms on the left-hand side are positive, Hence for interior
asymmetric soluticns it is necessary that

cC>0. (A22)
From (411) and (A12)

af - aof = - C(j—a- - Dimg - m) (323)

Using (29) and (A22), then since 0 < 1§ < 1 it follows that if mp > m, (A25)
cannot be satisfied and no asymmetric equilibrium can exist.

Next consider the case in Section 3B where mp < m;. Here (A23) means
that an iﬁterior asymmetric equilibrium can exist provided 18 is sufficiently

small so that C > 0 and 8 < B(mL + m./t8). For large 18 either one or both

F

firms set Dj = DLl in equilibrium and are at a corner solution to their

optimization problems.



-30-

Figure 1

Density function for a.

< Nash game > < Stackelberg game > < Nash game —>
k leader

j follower

Figure 2

Relationship between first period a
and the second period game.
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