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THE ROLE OF CAPITAL STRUCTURE
IN ENTRY-DETERRING CAPACITY INVESTMENT

SUNG WOOK LEE*

It is shown that the capital structure as well as capacity investment can have a
role of precommitment in order to prevent entry. By using debt financing, the in-
cumbent firm will show his aggressive behavior in the post-entry game when they
compete with quantity. Thus he can prevent even the potential entrant who can
not be deterred by the capacity investment only because it has a relatively low
entry cost. When the entry is allowed or blockaded, however, financial structure
does not affect the post-entry equilibrium which is different from the results of my
first paper where firms make financing decisions simultaneously. When firms com-
pete with price in the post-entry game, debt financing by the incumbent firm
shows his less aggressive behavior. Thus the incumbent firm will not use debt fi-
nancing in order to prevent entry, whereas the potential entrant will use debt fi-
nancing in order to enter. So a limited leadership possibility can arise by the vir-
tue of the potential entrant’s advantage in being the second to make financial deci-
sion as well as by the virtue of the incumbent firm’s advantage in being the first to
make a commitment to capacity and capital structure.

I. INTRODUCTION

Since the pioneering work of Bain(1956) and Sylos-Labini(1964), such the-
oretical work has been devoted to the subject of entry barrier which is estab-
lished by either an incumbent firm or non-cooperative incumbents facing the
potential entrants.” The earlier literature adopted the Bain-Sylos postulate, in
which the prospective entrants are assumed to believe that the established in-
cumbents would maintain their output levels, even after entry occurs, at its
actual pre-entry output. Additionally, the established incumbent firms are as-
sumed to keep output constant at a level that deters entry whether or not it is

* Korea Tax Institute

' Gilvert and Vives(1986) investigate the incentives for entry-deterrence investment when non-
cooperative incumbents facing a potential entrant use limit output strategy in order to deter entry
and show that there exists no free-rider problem in entry-deterrence investment. Waldman(1982,
1987), however, shows that free-rider problem occurs because of the demand uncertainty.
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profitable to do so after entry. As indicated by Spence and Dixit, this postulate
has the problem of how the threat of constant output can be made credible.
The incumbent firm has no incentive to carry out a limit output (price) strategy
after entry. This problem was solved by Spence(1977), who recognized that the
established firm’s prior and irrevocable investment decisions could be a com-
mitment for entry deterrence. He assumed that the prospective entrant would
believe that the incumbent’s post-entry output would equal its pre-entry capac-
ity. In the interest of entry deterrence, the established firm may set its capacity
at such a high level that in the pre-entry phase it would not want to utilize it
all: excess capacity may be observed.

Dixit(1979, 1980) shows that the established incumbent will not wish to
install excess capacity that would be left idle in the pre-entry phase, if the post
-entry game is agreed to be played according to Cournot-Nash rules instead of
Stackelberg rules which give an asymmetric advantage to the incumbent firm.”

The excess capacity literature considers capacity cost as a flow concept, and
assumes that investment cost is equity-financed.” When the incumbent firm
invests in capacity to deter the potential entry, however, it should finance a
large amount of proceeds for capacity investment. Therefore, the financial deci-
sions should be considered together with the entry deterring investment.

Recently Ambarish(1987) and Gertner et al.(1987) analyze the simultane-
ous signaling of the financial structure in both capital and product markets.
They investigate the interaction between adverse selection in the financial mar-
kets and threat of entry in the product markets in the context of a financial sig-
nalling model, where there exist informational asymmetries between the incum-
bent firm and the potential entrant, as well as between managers of the monop-
oly firm and outside investors.”” If the potential entrant does not know produc-

? The Bain-Sylos and Spence analyses(limit output strategy and excess capacity capacity strategy)
assume that the post-entry game is played according to the Stackelberg rules. So the incumbent firm
happens to have asymmetric advantages from its initial conditions as well as the exogenous rules of
post-entry game. Therefore, the Stackelberg rule is not generally valid.

* Capacity investment costs charge as recurring cost flows rather than one lump-sum charge
when capacity is purchased and thus the concept of opportunity (user) cost of capital is used in the
cost function.

* Ambarish(1987) assumes that market demand is the incumbent’s private information. A
“good” type monopolist may decide to reveal his identity in order to eliminate the adverse selection
problem in financial markets, whereas it may lead to a greater entry threat which results in a lower
value of the firm. The type of signaling equilibrium is determined by the interaction of these two ex-
ternalities. Market demand is usually considered as a common value in the information sharing liter-
ature. If production cost is assumed to be a private information of the incumbent firm, however.
there exists no trade-off between the adverse selection in financial market and entry threat of the
potential entrant. A good type monopolist with low marginal cost definitely decides to reveal his
identity in order to eliminate the adverse selection problem in financial market and the entry threat
of the potential entrant.
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tion marginal cost of the incumbent firm, however, debt financing by a “good”
type monopolist eliminates the entry threat of the potential entrant as well as
the adverse selection problem in financial markets.

This paper will analyze the role of financial structure as a method of
precommitment in order to prevent entry. The leverage ratio will inform the
potential entrant of the incumbent firm’s post-entry behavior. The commit-
ment of debt financing will inform its “aggressive” behavior after entry if firms
compete with quantity, or its “collusive” behavior after entry if firms compete
with price. Therefore, the capacity investment with debt financing is more like-
ly to deter the potential entry under quantity competition. Under price compe-
tition, however, debt financing is more likely to allow entry. Therefore, invest-
ment and financing decisions are not completely separable, and hence invest-
ment decision and the firm value are affected by the firm’s financial structure.

The role of the potential entrant’s capital structure is also analyzed. It is
shown that the potential entrant can have a limited leadership by debt financ-
ing in a restrictive sense. The relationship between capacity investment deci-
sions and production decisions depends on the timing of the realization of mar-
ket uncertainty.”

The model under quantity competition is developed in Section II. The
analysis of the equilibrium strategies in the three equilibria (blockaded entry,
prevented entry and allowed entry) are presented in Section II. Section IV
shows the analysis of the role of debt financing under price competition. Sec-
tion V contains some concluding remarks.

II. THE MODEL

There are two firms, the incumbent and the potential entrant, denoted as 1
and 2, respectively. Each firms’ managers are assumed to behave in the inter-
ests of its insiders (directors, officers and principal shareholders). Hence they
decide upon the investment, financing and output decisions in order to maxi-
mize the market value of the equity retained by the initial shareholders.

At t=1—¢, managers of the incumbent firm make a capacity investment
(K). This shows the incumbent’s commitment to aggressive behavior after the
entry of the potential entrant. Such a capacity investment is financed by issuing
bond and equity in the perfect capital market. At =1, managers of the poten-
tial entrant firm decide whether to enter or not. If they decide to enter, they

*If uncertainty is realized before firms make production decisions in the post-entry game, the
results may be different and complicated. Perrakis and Warskett(1983) investigate entry deterrence
under demand uncertainty and show that there is a temporal separation between capacity invest-
ment decisions and production decisions, and that the firms’ production decisions in the post-entry
game depend on the realization of random demand and the behavioral rules of the post-entry game.



96 THE KOREAN ECONOMIC REVIEW Volume 9. Number 1-2, Winter 1993

invest for the firm’s own capacity (K,). At f=1+¢, if the potential entrant en-
ters, firms produce their quantities (X, X) and places them in the product
market. Firms compete with quantities according to the Cournot-Nash rule. If
the potential entrant does not enter, the incumbent firm produces monopoly
quantity. At =2, market uncertainty is realized and hence market prices and
firms’ net operating profits are determined. The net operating profits are used
to make payments on the securities issued.

The investment cost (/;) consists of the (long-run) fixed cost and the capac-
ity cost.

L=f,+p-K; for X;>0 =12
=0 for X;=0

where f; is fixed set-up cost for installing capacity and y is unit (marginal) ca-
pacity cost.” For the sunk capacity to be a useful commitment for entry deter-
rence, commitment should be made prior to entrant’s decision, and it should
also be irreversible. So it is assumed that capacity investment is irreversible. For
the sake of simplicity, we assume that the capacity depreciates very slowly and
that there is no rental or resale market for the idle capacity.

Capacity investment is financed by issuing bonds and equities in the perfect
capital market. Investors are risk neutral and rational, so that they pay the ex-
pected value of the securities issued. Securities sell at their expected value.
Managers decide the face value of bond, D;, and the amount of debt financing,
B;, is determined in the capital market. The remainder required to finance the
capacity investment, J; — B;, is raised by issuing new equities. The fraction of
equity claims required by the outside investors, 1 —@);, is determined in the
capital market.

When firms choose their capacities, they should consider its long-run cost.

The long-run cost function, CiL, is given by :

C (X)) =fi+uX:+wX, for X;>0
=0 for X;=0.

Once firm has decided its capacity and financial structure, it should consid-
er its short-run variable cost in order to produce its product, given its capacity

® i is not (user) opportunity cost of capital (capacity), but is the unit cost which is paid in order
to install one unit of capacity.
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) . s ..
and financial structure. The short-run variable cost, (,: , s given by:

G (Xi: K =wX; for K, =X, >0
=wX;+p - (X;—K;) for X;>K,.

The variable, w, is the unit variable cost. The amount - (X; — K;) should
be paid in order to produce output excess of capacity, as the technology is as-
sumed to be completely flexible.” In the short run, debt payments become
sunk costs, because debt payments cannot be eliminated by total cessation of
production (Baumol and Willig (1981)).

These cost functions follow the one developed in Dixit (1980), where f,
and ¢ K, are sunk costs, but f, and z K , are not, since the potential entrant
should make a capacity investment in order to enter and produce. Thus
I, =f,+uK, is an entry cost. In Ware (1984), the potential entrant is as-
sumed to make a capacity investment in order to enter, and then make
an output decision given this capacity. Thus [, =f,+ ¢K, is also a sunk cost as
IL=f1tuK,is?

The Inverse demands for the industry are stochastic, and are given by

" Capacity is considered as the efficient scale of operation. Thus the firm which chooses the ca-
pacity level K, actually chooses a short-run cost function with a constant marginal cost equal to w
at an output level less than and equal to the given capacity K;. The short-run cost for producing

more than K, is determined by the flexibility of technology. The short-run variable cost, C:.S can

be given by

G (X; K)=wX, for K; > X;>0
=wX;+p(X;,—K;)+6 -H(X, - K)) for X;>K;

where & - H(X;— K;) is the extra cost caused by producing more than the efficient scale of opera-
tion. The variable & represents the penalty by producing more given capacity and hence H(0)=0,
H’ >0 and H">0. If x=0 the technology is completely flexible in the sense that the firm can pro-
duce more than K;, at a marginal cost equl to w + x(Dixit model). If =00, the technology is com-
pletely inflexible and hence the firm can not produce more than K; (Bertrand-Edgeworth model). If
 is finite, the firm can produce more than K; at an increasing marginal cost higher than w + £

® Since the potential entrant has the same information in stage three as in stage two where it de-
cide either to enter or not and decide its capacity, its output decision must be equal to its capacity
decision. So firm 2’s investment costs, 7,=#,+ #K: suould not be sunk costs in my framework. If
uncertainty is realized before producing output, firm 2’s information set in stage three is different
from its information set in stage two and thus L,=/,+ uK; is also sunk costs like firm 1's capacity
costs.
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Pi=a,-8.:X,—7rX,
Py=a,—(,X;—7r X,

in the region of quantity space where prices are positive. The intercepts @, and
a, are independently and uniformly distributed over the interval [a %, 2. It is
assumed that o” is sufficiently large so that the equilibrium prices are positive
for all the possible realizations of ¢. The random varable z;(=a; —w;),
which is prices net of marginal cost, reflects the effects of the uncertain envi-
ronment (market demands and costs) on the profits of firm 7.

This entry deterrence game is presented as a three stage extensive form. In
the first stage, the incumbent firm chooses its capacity and makes a financing
decision, (K, Di). The amount of investment (/1) is determined by capacity. In
the second stage, the potential entrant decides whether or not to enter and
chooses its capacity (Kz). In the third stage, firm 1 acts like a monopolist if firm
2 does not enter in stage two. Otherwise, firm 1 and 2 compete with quantity
according to the Cournot-Nash rule. Capacity costs do not enter into firm 1’s
marginal cost because they were already sunk in stage one, while enter into
firm 2’s marginal cost because the entrant has no prior capacity.

. THE EQUILIBRIA:
BLOCKADED, DETERRED AND ALLOWED ENTRY

In stage three, if the potential entrant enters, each firm chooses its optimal
quantity, X; to maximize the equity value retained by initial shareholders given
K,', Di and @ i

%
Max 0, [ [R(X:, X;; 2)-C'(Xi; K)-DJ) fz) d=
X,

t

forall X, i#+j, 1=1,2
where z:.k is defined by
RAXAX;), X5 2))~C (X, K)=D;

L % u
where z <z < z.
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When 2; =z:.k, firm ¢ can just meet its obligations and has nothing left over.

The above objective function represents the present value of expected profit re-
tained by the initial shareholders net of debt obligations in good (2; 22?) states

of the world. At # = 2, the firm must pay the face value of the bond D;, or it
goes bankrupt and bondholders acquire it. Initial shareholders receive the part,
0 ;, of profits remaining at the end of period after debt payments.

The variables, B; and @, , are determined in the capital market by the fol-
lowing equations.

(1) E=(1-6) - V; (XK. D)), X(K;.Dy)) i#j,i=1,2
Q) B:=V(X«K..D,), X+K;.D;)) i%j, i=1,2

where I/:.E(Xi(Ki,Di), Xi(K;.D;))

z
= J’ ;[Ri(Xi(Ki D), XAK;.Ds); 2:)— C:-s (Xi(K:.D;))—D:) dF(z;)
z

)

and I/;.D(AXi(Ki’Di), XJ'(KJ'sDJ'))

5
=f *Di A=)z
2

+ j zi [R(Xu(K:.D:), XAK;,D;); z,-)—Cl.s(Xi(K‘., D;))] dF(z;)
2.

for any K; and D;, i+j,i=1, 2.

LEMMA.
The reaction function of firm ¢ shifts out when firm ; has more debt pay-
ments, D;.

PROOF. See the Appendix.

If managers behave for the interests of corporate insiders, managers behave
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X, K,

K M L N o 6 XK

[Figure 1] The Reaction Functions and the Region of Cournot-Nash Equilibria
in the Post-Entry Game.

more aggressively (produce more quantity) and hence the reaction function
shifts out as the firm has more debt. (Lee (1993))

Figure 1 shows four reference curves, MM ', NN, LL’ and OO". The first
becomes the reaction function when it chooses its quantity above its capacity
(when capacity and variable cost, u+w, are considered), the second when firm
1 chooses its quantity within its capacity without debt financing (when only the
variable cost, w, is considered). The third and the fourth are the reaction func-
tions if firm 1 has some amount of debt payments. Therefore, MM’ and LL’
are relevant for quantities above K; and NN’ and OO’ for quantities below K.
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The shift between MM’ and NN’ is due to the capacity cost w. For the sim-
plicity of analysis, the shift from MM’ to LL’, caused by debt financing, is as-
sumed to be smaller than the shift from MM’ to NN, that is, capacity cost, s,
is assumed to be large enough for the maximum shift caused by debt financing
to be less than the shift by the capacity cost, x. Thus, for fixed capacity K, the
reaction function of the incumbent firm is the kinked curve LP'Q O’ shown in
the heavy lines.” Since the potential entrant has no prior commitment in ca-
pacity, its reaction function is HH’ with debt financing. The reaction functions
of the firms who has no debt payments are MPQN" and GG, respectively. The
Cournot-Nash equilibria of the third stage subgame can lie in the region
bounded by T’V ' J'I' This region varies with the amount of debt (D);) each
firm has. The Cournot-Nash equilibria without either firm’s debt financing lie
along the line 7V .

In stage two, the potential entrant will decide its capacity and debt pay-
ments (K, D) when it decides to enter. According to the capacities of firm 1
and firm 2 (K, K:), the third stage equilibria, X (K, K;) and X; (=K:), are
determined along the line 7'V | As firm 2 uses debt financing in order to pay
its capacity costs, then its reaction function will shift out. Hence the third stage
equilibria lie in the region bounded by 7'V ’'J'I” Since firm 2’s reaction func-
tion (GG’) meets firm 1’s reaction function at its vertical part (PQ’), the shift
out of firm 2’s reaction curve due to the debt financing usually causes a loss in
its value. Thus the potential entrant usually will not use debt financing to pay
its capacity investment costs, except for some special case (sub-case i. of the
allowed entry). Therefore, firm 2’s reaction function is GG’, and hence the
third stage equilibria actually lie on the line 7V “instead of the region bound-
ed by 7'V ' J'I] and determined by firm 1’s debt payment (D). Firm 2’s objec-
tive function in stage two is given by:

NPV oK)= [ 72 (R K, X))~ G (K] dFte0) = (o )
22

for given K.

The potential entrant’s optimal capacity decision depends on the incumbent
firm’s capacity, K»(K)), and firm 2 will thus enter the market if
NPV K\, KAK\))>0 and will stay out if NPV (K1,Kx(K1))<0. Therefore, the
entry decision of firm 2 depends on both the level of firm 1’s capacity and debt
payments (K,&D:), and firm 2’s fixed cost, f.

®The points T, V', P’, @, I"and J' are the counterparts of T, V, P, , I and J when firms
nse debt financing.
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In stage one, the incumbent firm chooses its capacity and debt payments, K,
and D, that determine which reaction function will present in the post-entry
game. Thus, the objective function of firm 1 is:

0 -V, (K,,D;)=NPV\(K,)

u
2

=02 | | [RCGELKAK), K(K)) =G (X))~ Di] dFz)

2
z s
= IZL [Rl(Xl(KI’KZ(KI))’ Kz(Kl))”Cl (Xl())] dF(Zl)—(f1+/-lK1).

Next, consider debt financing decision. Even with debt financing, D, firm
1’s reaction function still has a vertical part (P'Q ). Thus debt financing by the
incumbent firm affects the post-entry equilibria in a limited range. Without
debt financing, the post-entry equilibria lie on the line TV, as in Dixit’s
model, and hence capacity level above 1/, can not be a credible threat for entry
deterrence. If the prospective entrant is confident in its ability to sustain a Nash
equilibrium in the post-entry game, it does not fear capacity level above V..
Thus the incumbent firm does not invest in costly and empty threats. With
debt financing, however, the post-entry equilibria lie on the line 7'V, since
debt financing shifts out firm 1’s reaction function, demonstrating its aggressive
behavior after entry. In V'V, which can not be an equilibrium without debt fi-
nancing, debt financing by the incumbent firm will make capacity level above
V(K:>V)) credible threats. Hence debt financing, together with capacity in-
vestment, can have a precommitment role in preventing entry. Even though
firm 1 chooses a capacity above V/,, which alone would be an empty threats,
such an excess capacity, if financed with debt, becomes a credible threat.
Therefore, the potential entrant with a very low entry cost can be prevented by
entry deterring excess capacity financed by debt.

The incumbent firm selects its capacity and debt levels in order to maxi-
mize the following objective function:

Max {NPV,'(X\(K}, Ko(K})), Ko(K})), NPV, (X}, K}))
where NPV, (Xy(K;, Ko(K})), Ko(K?))
=ER(X(K}, KoK}), Ko KLY 20) = CL(Xa()] =+ 1K)
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P
and NPV (X}, K})

=AR(X), 0; 2)~C (X, (K )]~ (Fr + 1K),

The superscript A and P represent the case of allowed entry and prevented
entry, respectively. Thus, the variables KlA and KIP are the capacities when the
incumbent firm decides to allow entry and when to prevent entry, respectively.
The variable XIM is the monopoly quantity of firm | when entry is prevented.
It is assumed that net present value of the incumbent firm, NPV, is always
positive.

Depending on the sign of NPV ,, and the values of NPV IA and NFV lP,

three equilibria arise: blockaded entry, prevented entry and allowed entry, ac-
cording to Bain’s terminology. Note that there is a point B=(B,, B,) along the
line TV such that NPV »(B)=0, and a point Z=(Z,, 0) such that firm 1’s iso
-value (expected profit) curve which is tangent to firm 2’s reaction function
GG’ meets the X axis.

CASE 1. Blockaded entry: B <M..

Although the incumbent firm installs its capacity and produces its quantity
at the level of M, (monopoly output), the potential entrant cannot make a pos-
itive net present value from its capacity investment, K>(M), and hence will not
enter since NPV (M, KyM1))<0. This occurs even though the incumbent
firm does not expand its capacity to prevent entry. Therefore, entry is blockad-
ed and the incumbent firm enjoys a pure monopoly, setting K,=X,=M,. In
this case, the incumbent firm does not use debt to finance its capacity invest-
ment costs, since debt financing will increase its quantity, and hence reduce its
net present value.

CASE 2. Prevented entry : M, <B,<W,
Sub-case i. M,<B,<C::
‘Capacity Investment Prevents Entry.’

Since NPV, (K, =B, 0)>NPV, (K| =S,, Ky(K,)=S,), the incumbent

firm will prevent entry effectively by setting K;=X,=5,. Both firm | and 2
will not use debt financing, because debt financing causes a lower net present
value.

Sub-case ii. C,<B; <V (Figure 2)
‘Capacity Investment with Debt Financing Can Prevent Entry.’
Note that there is a point C=(C,, C:) at which the iso-value function of
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X K,

! M GB NO Z> G XK
[Figure 2] Sub-Cass ii. of the Prevented Entry (C, <B,<V))

firm 2, which is tangent to firm 1’s reaction function NN', intersects firm 2’s
reaction function GG’. There is a point B’ at which the iso-value function of
firm 2, which passes through a point B, is tangent to firm 1’s reaction function
with debt financing (OO"). As B, approaches V', (As the potential entrant has a
lower entry cost), the established firm should increase its own debt payments in
order to avoid the possibility that the potential entrant may enter by increasing
its debt payments. If the established firm has a restriction in financing the in-
vestment costs by issuing new debt and hence has no debt or has a small
amount of debt, the potential entrant could enter by increasing its own debt
and thus shifting its reaction function. Therefore, in order to prevent entry, the
incumbent firm should have debt above the amount by which firm 1’s reaction
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function (OO’) passes through B’.

XZ, K2

M B,NJO G X, K;

[Figure 3] Sub-Case iii. of the Prevented Entry (V. <B,<N))

Sub-case iii. V,<B;<Ni: (Figure 3)
‘Debt Financing Transforms Empty Threats into a Commitment.’

Without debt financing, the incumbent firm can not prevent entry because
capacity choice above V', is an empty threat. The incumbent firm, however,
can prevent entry effectively by installing capacity above V', with debt financ-
ing. If the potential entrant believes that debt repurchase is costly to the in-
cumbent by transaction cost, debt financing itself becomes a credible threat.
This transforms empty threats of capacity investment into a commitment. The
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amount of debt payments (D:) which the incumbent firm should have, is deter-
mined by B, (limit capacity) which depends on the potential entrant’s setup
cost (f2). Therefore, firm 1 should have not less than debt payments by which
firm 1’s reaction function (OO") meets B’, and entry is effectively impeded by
the conventional limit output strategy with K;=X,=B,, as in sub-case i.

Sub‘case iV N1<B1<w1<21 (Flgure 3)
‘Excess Capacity with Debt Financing Prevents Entry.’

The role of debt financing in preventing entry is the same as in sub-case ii.
The difference from sub-case ii is that the incumbent firm prevents entry by
the excess capacity strategy, with K,=B, and X,=N,. Therefore, the incum-
bent firm can employ the excess capacity strategy with debt financing, although
the post-entry duopoly is played according to the Cournot-Nash rule and the
products are the strategic substitutes. This is different from Dixit’s results
(1980).'”

Note that there is a point W=(W,, W;), where firm 2’s iso-value function,
which is tangent to firm 1’s reaction function when firm 1 has a maximum
amount of debt payments, intersects firm 2’s reaction function, GG".'" As the
limit capacity (B:) approaches W, (as the potential entrant has a lower fixed
cost), the role of debt financing on entry deterrence becomes weak, and thus
entry is likely to occur. When B,>W,, the potential entrant can increase its
net present value by increasing its debt payment, and can thus enter the mar-
ket. Therefore, the entry-deterring capacity investment above W, can not deter
entry effectively, even if the incumbent firm has a maximum amount of debt
payments.

' Dixit(1980) shows that the incumbent firm cannot install excess capacity that will be left idle in
order to prevent entry when firms play according to the Cournot-Nash rule, for the excess capacity
strategy(K,=B,>V,) becomes an empty threat. Bulow, Geanakoplos and Klemperer(1985) show
that the incumbent firm may hold idle capacity to deter entry if the products are strategic comple-
ment.

"' The reaction function OO’ is considered as the upper bound which firm 1’s reaction function
MM’ can shift out by debt financing, because debt financing D, is bounded by the investment costs
@i=Fi+pKy)
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XK,

o’

M NW,;B,Z,G X, K;
[Figure 4] Sub-Case i. of the Allowed Entry (W,<B,<Z,)

CASE 3. Allowed Entry:
Sub-case i. W,<B,<Z;: (Figure 4)
‘Excess Capacity with Debt Financing Cannot Prevent Entry.’

Although the incumbent firm increases its capacity up to the level of B
and has a maximum amount of debt payments, the potential entrant can enter
by increasing its debt payment and hence shifting out its reaction function.
Thus firm 2 is able to be confident that firm 1’s entry-deterring investment, B,
is just an empty threat and the post-entry equilibrium will be at W'. Therefore,
firm 1 will allow entry with K;=X,=S,. The financial decision of firm 1 does
not affect the equilibrium capacity. Firm 2 will not have any amount of debt,
since debt financing reduces its value.
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Sub-case ii. Z,<B::
‘Allowing Entry is More Profitable than Preventing Entry.’

The incumbent firm allows entry because the duopoly equilibrium gives a
higher net present value than the entry preventing equilibrium does. In the
post-entry duopoly, firm 1 has a limited leadership due to the sequence of ca-
pacity choices. Thus, it can alter the outcome to its advantage by changing the
initial conditions. The post-entry game yields the Stackelberg duopoly equilib-
rium with K,=X,=5,, K;=X,=S,. Financing decision of the incumbent firm
does not affect this duopoly equilibrium. Also, the potential entrant will not
use debt financing because debt financing usually causes lower value.

In summary, debt financing can enlarge the zone where entry is effectively
prevented, at the expense of the zone where it is allowed to occur. When the
incumbent firm can not prevent entry without debt financing (V<Bi<Z)),
debt financing can make the incumbent firm’s excess limit capacity credible
and hence prevent entry. Debt financing does not matter in the cases of block-
aded or allowed entry. It matters only in the case of prevented entry. Since the
incumbent firm selects its capacity and debt payments in advance, considering
the effects of the potential entrant’s debt financing, the potential entrant can
not enter even by increasing its own debt. When the incumbent cannot use
debt financing, however, the potential entrant uses debt financing and hence
can enter the market.

Debt financing without capacity investment can also prevent entry. The in-
cumbent firm increases its own debt payment and hence shifts up its reaction
function until the potential entrant earns less than its cost of entry. Thus, the
incumbent firm can prevent entry and earn monopoly profit, but it should pro-
duce more than the limit capacity, B;, and hence earns less than when it in-
creases its capacity up to B, to prevent entry. Therefore, the incumbent firm
uses debt financing as well as capacity investment in order to prevent entry by
the potential entrant that has a low entry cost.

IV. PRICE COMPETITION

The role of financial structure as an entry-deterring commitment will be
considered when firms compete with price in a differentiated duopoly. The di-
rect demand functions are written as:

X1=a1 _blpl +CP2=h1(P1, Pz)
X2=02_b2P2+CP1=h2(P1, Pz)

where /1=51',82—72>0, ar=(@*B2—az7)/1, az=(@z'B1—ay7)/u,
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bi=B2/1t. by=pBz/pand c=y /p.

The random variables, @\ and a,, are also uniformly distributed over the in-
terval [d", @*]. In the post-entry duopoly, firms compete with price according
to Bertrand-Nash rules, given the previously determined capacity and financial
structure. The objective function for each firm is as follows:

z
Max 0, f [R(P..Ps; 2)— G (XdP..P,). K;)— D] dRZ;)
P; z

1

for all Pj, l*], Zzls 2
where z:: is defined by

RAP«P;), Ps; 2)~C (X(P:.P;), K:)=D:.

Unlike the Bertrand-Edgeworth frame work (Allen (1987), Kreps and
Scheinkman (1983)), capacity level is important only in choosing the short-run
cost function. It does not restrict the maximum amount of sales that the lower
priced firm can make, as in the case of a homogeneous product Bertrand
model.'”

Figure 5 shows the incumbent firm’s reaction function, MM’ when capacity
investment costs matter (X,> K1), and the reaction function, NN’ when they
do not matter (X, <K,). The boundary curve X,=K, is shown for a particular
K. Thus, the corresponding reaction function for theincumbent firmis M PQN’
when it has no debt payments, or LP'Q 0O’ when it has some amount of debt
payments. For the potential entrant, there are two reaction functions GG’ and
HH’, the former for no debt financing and the latter for debt financing. Nota-
tions are analogous to the corresponding quantity-setting case of figure 1.

The post-entry equilibria can lie on the region bounded by T’V 'J'I’ when
they have debt payments. The region varies with the amount of debt payments
each firm has. By changing the initial conditions (KX, and D), firm 1 can secure
any point along the segment 7'V " of the firm 2’s reaction function (GG') as
the post-entry equilibrium. Since firm 1’s reaction function is LP'Q O’ (no

'* Under the Bertrand-Edgeworth duopoly where capacity constrained price-setting firms com-
pete noncooperatively with homogeneous product, the rationing scheme(proportional or maximizing
surplus rationing) is needed in order to distribute unsatisfied demand. If the incumbent firm increas-
es its capacity, however, the potential entrant cannot enter the market as long as it does not have a
lower (variable) marginal cost.
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N 0 M P

[Figure 5] The Post-Entry Equilibrium When Entry is Allowed.

vertical part), the potential entrant can increase its net present value and enter
the market by debt financing. Thus the actual equilibria of the post-entry game
lie on the region of 7"V ’J'I’ The incumbent firm usually increases its capacity
in order to prevent entry and shows that it can respond more aggressively (can
lower its price) when the potential entrant enters, whereas it does not use debt
financing because debt financing makes the incumbent firm less aggressively.
When entry is allowed, both firms will use debt financing and have the optimal
debt payments. So a limited leadership possibility can arise by virtue of the po-
tential entrant’s advantage in being the second to make financial decisions as
well as by virtue of the incumbent firm’s advantage in being the first to make a
commitment to capacity.
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Under quantity competition, the potential entrant usually cannot increase
its net present value by debt financing. Thus the potential entrant does not use
debt financing except for the special cases such that its own debt financing can
make the incumbent firm allow entry. The incumbent firm uses debt financing
only when it can help prevent entry. Under price competition, however, the in-
cumbent firm does not use debt financing because its own debt financing
makes the incumbent firm behave less aggressively, thus reducing the role of
capacity commitment as an entry barrier, whereas the potential entrant will use
debt financing because it will reduce competition in the post-entry duopoly,
and thus increase its net present value. These results are the opposite to those
of quantity competition, which is due to the differences in the effects of debt fi-
nancing on price and quantity competition.

Fudenberg and Tirole (1984) provide a taxonomy of the factors which tend
to favor over and under-investment, both to deter and to accommodate entry.
The type of strategic investment is determined according to whether investment
makes the incumbent more or less “tough” in the post-entry game, and how
the entrant reacts to tougher strategy by the incumbent. Debt financing makes
the incumbent “tough” under quantity competition, but “soft” under price
competition. Therefore, under quantity competition, the incumbent uses “Top-
dog’ strategy, that is, it over-invests and has a relatively high amount of debt to
deter the entry. Under price competition, however, the incumbent uses ‘Fat-
cat’ strategy, that is, it has a relatively high amount of debt in order to accom-
modate entry by committing the incumbent to play less aggressively in the post
-entry. The incumbent has a relatively low amount of debt if it chooses to
deter entry, because it establishes a credible threat to cut prices in the event of
entry by lowering its debt amount.

V. CONCLUSION

It is shown that the role of capital structure in entry-deterrence is different
according to the type of competition in the post-entry game (price and quanti-
ty). Under quantity competition, debt financing by the incumbent firm shows
more aggressive behavior. Thus it takes a role only when it helps capacity in-
vestment prevent the potential entrant who has a low fixed cost from entering.
Debt financing by the potential entrant reduces its net present value. Thus the
potential entrant will not have debt payments. Under price competition, how-
ever, debt financing by the incumbent firm shows less aggressive behavior, so
that it induces a greater possibility of entry. The potential entrant can play a
limited leadership and hence increase its net present value by choosing its opti-
ma] debt amount.

The optimal levels of debt payments (DT, D: ) when firms decide sequen-
tially are very different from those when firms decide simultaneously. This
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shows that firms® capital structures may be very different according to firms’ sit-
uation located in the industry. Therefore, the capital structure should be ana-
lyzed with considering firm’s basic conditions and behavior as well as market
structure. These results can be developed into empirical tests which examine
the leverage ratio of the incumbent firm facing the entry threat and the poten-
tial entrant under either quantity or price competition.

APPENDIX
PROOF OF LEMMA:

The first order condition of firm 7 can be derived by differentiating firm z’s
objective function. By totally differentiating the first order condition,

0.V, dX, 43,V dX;+8,p0V dD; =01
Solving for d X;/dD; then yields
dX;(X)/dDs= =0V, (X, (X)), X5)/0:iV,| (X[ (X;), Xo).
The denominator is negative by the second order condition. Thus the sign of

de (X;)/dD; depends on the sign of 8,~D,.Vl.E and hence the sign of dz:k/dD,-.

OinV, = —dz: [dD; 0,1 X; (X;), X; 21) Az}

LA

where dz:‘/dDi (- 1 >0.

(=9 IAI(X, (X5), X532

Since 3, [I(X: (X;), X;;2,)<0, dz! /dD; >0 and hence d X, (X;)/dD;>0.
Q.ED.

" a,.vf represents the partial derivative of Vf with respect to X; and 9; ,-Vl.E represents agi/&I,-a.rj
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