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Exit barriers are entry barriers: the durability
of capital as a barrier to entry

B. Curtis Eaton*
and

Richard G. Lipsey**

We argue that the effectiveness of capital as an entry barrier depends critically
on its durability and that this aspect of capital has been largely ignored. We
examine strategic decisions with respect to capital durability in two models. In a
broad range of cases an active policy with respect to durability and replace-
ment of capital is necessary to maintain a position of market power. Such
policies will result in capital that is ‘‘too durable’’ or “‘too soon replaced”
or “‘too well maintained’’ relative to the cost minimizing solution (for a given
time path of output).

1. introduction

B In his seminal essay on bargaining, Thomas Schelling (1956) distinguishes
threats and commitments. Both are designed to influence a competitor by im-
pressing him with the consequences of his actions. Both take the same form:
“If you take action X, I shall take action Y, which will make you regret X.”’ The
distinguishing characteristic of a threat is that the actor has no incentive to carry
out action Y either before or after action X. The distinguishing characteristic of a
commitment is that, X having occurred, it is in the actor’s self-interest to
take action Y. A fanatic may carry out a threat, and may thus make ‘‘credible
threats.”” A maximizer would not carry out his threats and thus cannot make
his threats credible. There would seem, therefore, to be little place for threats in
maximizing models.

In this paper we examine the use of product-specific capital goods as
vehicles for entry-deterring commitments. It may seem surprising that there is
anything left to say on this subject in view of such works as Caves and Porter
(1977), Dixit (1979, 1980), Eaton and Lipsey (1978, 1979), Schmalensee (1978),
and Spence (1977, 1979). These papers deal, however, with what may be called
the atemporal aspect of capital as a barrier to entry: a monopolist strategically
commits a quantity of capital which is sufficient to produce a negative flow of
profits to a new entrant. This may be called a type-A artificial monopoly (A
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for ‘‘atemporal’’). Type-A natural monopoly occurs when nonstrategic profit-
maximizing behavior commits enough capital to produce a negative flow of
profits to an entrant. Capital indivisibilities and decreasing costs are at the heart
of this analysis. One firm can profitably serve such a market but two cannot.

The point of this paper is that it is not indivisibilities and decreasing costs
per se which create barriers to entry. Rather, it is the intertemporal commitment
of specific capital to a market, in combination with decreasing costs which
creates an entry barrier. We thus focus on the durability of capital in the creation
of entry barriers. We define a type-T natural monopoly (T for ‘‘temporal’’) to
be one in which cost minimizing decisions with respect to durability, replace-
ment, and maintenance of capital imply that there is no point in time at which
entry is profitable, and a type-T artificial monopoly to be one in which strategic
decisions with respect to capital prevent there being any point in time at which
entry is profitable.

To see the potential importance of durability as an entry barrier, first con-
sider two extreme cases under static demand and cost conditions. At one ex-
treme is a type-A natural monopolist who has no sunk costs. (This would
arise, for example, if capital were not product-specific and could be bought,
sold, and rented on perfect markets.) Although only one firm can serve this
market profitably, there exists no vehicle for commitment to the market. With
no sunk costs the market is ‘‘up for grabs’’ at each instant. The absence of
capital fixity and associated fixed costs thus seems to imply chaos. At the other
extreme, the durability of capital (plant) is exogenous and infinite. Now a
type-A natural monopolist has a permanent commitment to the market: as long
as he can cover his avoidable costs he will remain in the market. As a result,
he need never consider the possibility of the entry of new firms.

Second, consider the intermediate case in which a type-A natural
monopolist’s plant has an exogenous and finite durability, 0 < H < c. When
unconcerned about entry, the monopolist replaces his plant every H years.
But a potential new entrant could establish plant just as the monopolist was
about to renew his plant. The market would then belong to the new entrant.
But foreseeing that strategy, the existing monopolist would renew his plant a
little sooner. But foreseeing this, a potential new entrant would establish his
plant sooner yet, and so on. In this case it is clear that the type-A natural
monopolist must concern himself with the threat of entry; he is not a type-T
natural monopolist.

In this article we study the strategic use of capital to create a type-T
artificial monopoly. It is useful in analytical studies to separate strategic
decisions with respect to the creation of the two types of monopoly. To iso-
late the creation of type-A artificial monopoly, it is convenient to assume type-T
natural monopoly by letting the durability of capital be infinite (Spence, 1979;
Dixit, 1980). Similarly, to isolate the creation of type-T artificial monopoly, it is
convenient in this article to assume a type-A natural monopoly. (Our results ex-
tend in a fairly obvious way to a firm that has erected entry barriers to create
a type-A artificial monopoly as well as to oligopolists who wish to maintain
their place in the market.)

Our analysis shows that the textbook, type-A natural monopoly is not
necessarily a type-T natural monopoly and that it is impossible for the
monopolist to separate cost-minimizing decisions from profit-maximizing ones.
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This results because capital produces a revenue to the firm by acting both as a
factor of production and as a barrier to entry.

2. Model 1: one-hoss shay capital

B The basic assumptions of model 1 are as follows. There is an indivisible,
product-specific capital good, called plant, which is large enough that a monopo-
list would require only one unit of it. There are constant returns to the variable
factor up to plant capacity.

If there were two firms in the market, each with one unit of plant, their
common capacity and common short-run marginal costs would imply a sym-
metric resolution of the duopoly problem. The symmetric resolution might be
Cournot-Nash, or it might be based on some conjectural-variation formulation.
Indeed any symmetric resolution will allow us to define what we require: R,
is the rate of flow of revenues over variable costs when one firm serves the
market; R, is the rate of flow of revenues over variable costs for either firm
when two firms serve the market. We assume that R, and R, are time invariant,
that firms know them with certainty, and that R, > 2R, > 0. These inequalities
imply that the resolution of the duopoly pricing problem is not joint profit
maximizing and that duopolists cover variable costs.

In model 1 plant of durability H costs C(H) and requires no maintenance.
We assume that

lim C(H) > 0, C'(H) >0, and C'(Hy=0forH>H. (1)
H—0

These restrictions guarantee that H will always be chosen to be positive and
finite. The deterioration of this ‘‘one-hoss shay’’ capital depends on its age and
is independent of intensity of use. Since R, is positive, a firm which has plant
is committed (in Schelling’s sense of the word) to stay in the market until its
plant expires.

If a monopolist replaced plant of durability H every H — A periods, its
minimum commitment to the market would be A. The discounted present value
of this policy to a monopolist would be

R, C(H)

AH) = —L )
V(a.H) r 1 — exp[—r(H — A)]

2

It is, of course, A that is the deterrent to entry and, given A, H will be chosen
to maximize profits. Define

- R C(h(A

vy = Ko (D) , 3

r 1 — exp[—r(h(A) — A)]

where A(A) is the profit-maximizing (or cost-minimizing) value of H, given
A. It can be shown that 4'(A) > 0. Let H = h(0). Type-A natural monopoly
requires that

. R H H
V(O)=—‘—————-—C() B S S 4)
r 1 — exp[—rH] 2r 1 — exp[—rH]
The first inequality implies that one firm could more than cover costs and the
second implies that two could not.
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We assume that entry will occur if and only if the discounted present
value of an entrant’s profits is greater than zero, and thus we adopt the follow-
ing definitions. An entry-preventing policy (EPP) is a policy such that the dis-
counted present value of an entrant’s profits is always less than or equal to zero.
An optimal, entry-preventing policy (OEPP) is an EPP that maximizes the
monopolist’s present value evaluated at any point in time when he is replacing
his plant.

To provide an intuitive explanation of the problem we assume that an
OEPP exists, denoted by A*, and that potential entrants consider only this
policy. Subsequently we show directly the existence of an OEPP with 0 < A*
< h(A*)/2. The present value of an entrant’s pursuing policy A* is

E(8,A%) = —C(h(A%)) + R, Ja exp[—rt]dt

0

h(am)—ax
+ R, J exp[—rt]ldt + V(A*) exp[—r(h(A*) — A%)],
8
where 8 is the length of time until the sitting monopolist’s plant expires. To
interpret this expression let the origin in time be the time of entry. The entrant’s
initial plant would cost C(A(A*)) and he would earn R, from time 0 to 8. Since
A* is, by assumption, an EPP, the sitting monopolist would not renew plant and
entry would be deterred at all future times. Thus the entrant would earn R,
from & to h(A*) — A* at which time he would renew his plant and his present
value would be V(A*). E(§,A*) can be rewritten as
_ &
E(5,A*%) = V(A*) — (R, — R,) J exp[—rt]dt. 5)
0
The second term is the new entrant’s ‘‘price of admission’’: the difference
between profits when the market is served by two firms rather than one firm
for the length of time until the sitting monopolist exits. This is also, of course,
the measure of the barrier to entry at any point in time. Let A be the sitting
monopolist’s policy. Then
N Y
E(A,A*) = max E(8,A%) = V(A*) — (R, — RZ)J exp[—rtldt, (6)
0
which is the maximum present value of an entrant.
Thus the monopolist’s problem is

max V(A)
A

subject to M
EAA*%) = 0.

Both V(A) and E(A,A*) are decreasing in A, and thus the maximization problem
posed in (7) is solved by finding A such that E(A,A*) = 0. But A* is an OEPP
by assumption and thus A = A*. So, if it exists, A* must satisfy E(A*,A*) = 0.
E(0,0) = V(0), which is positive by the first inequality in (4). E(A,A) is decreasing
in A and goes to —cc as A goes to «. Thus, there exists a unique A* > 0 such
that E(A*,A*) = 0. It can be shown that the second inequality in (4) implies that
A* < h(A*)/2. Intuitively, if A* were greater than h(A*)/2, costs of plant would
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exceed the costs of having two units of plant in the market at all times, which
could not be profitable, given our definition of natural monopoly.

At the outset we assumed existence of A*, and thus the argument above is
only an intuitive argument. We can however use the result that A* is the unique
value of A such that E(A,A) is equal to zero to show directly that A* is the unique
OEPP. Note first that E(A,,,A,) is the maximum present value of an entrant with
policy A, if A, is an EPP, when the sitting monopolist’s policy is A,,. Note that
the first derivatives of E with respect to A,, and A, are negative. We use a
proof by contradiction to demonstrate that A* is the unique OEPP.

Proof: (i) Assume A; < A* is an EPP and that the sitting monopolist’s policy
is A;. Then, since A, is an EPP, E(A,,A,) = 0, otherwise an entrant adopting pol-
icy A, would not be deterred. But we have shown that for A, < A*,E(A,A;) > 0,
which contradicts our assumption that A, is an EPP. Thus A, < A*isnotan EPP.
(i) Now assume that A* is not an EPP and that the sitting monopolist’s policy
is A*. Since A* is not an EPP, there exists an EPP, A,, such that E(A*,A,) > 0.
But since E(A*,A*) = 0 and E is decreasing in its second argument, A, < A*.
But, by the argument in (i), A, < A* cannot be an EPP, a contradiction. Thus
A* is an EPP.! (iii) The argument in (ii) implies that any policy, A > A*, is an
EPP. But since V(A) is decreasing in A, A* is the unique OEPP. Q.E.D.

For completeness we must show that the monopolist prefers the OEPP
to the policy of ‘‘graceful exit’’: allowing entry to occur and then exiting when
his plant expires. In the absence of entry prevention, entry would occur A* — €
periods before the sitting monopolist’s plant expired, where € is arbitrarily
small. As e goes to zero, the present value of graceful exit approaches
A

exp[—rt]dt > 0. ®)

G(A*) = R, J
0
Note that
V(A*) — E(A*,A*) = (R, — R,) J exp[—rt]dt.
0
But since E(A*,A*) = 0, we have
A
V(A%) = (R, - Ry) J expl—rldt, ©
0

and since R, > 2R,, we have V(A*) > G(A*) > 0.

We have shown in model 1 that an active policy of entry prevention is
necessary —that type-A natural monopoly does not imply type-T natural
monopoly —and that this strategy is profitable. Protecting this monopoly posi-
tion involves the dissipation of monopoly rents and is wasteful of scarce re-
sources, since the monopolist replaces plant before it is economically obsolete.
The dissipation of monopoly rents through early replacement of capital and the
resulting resource waste will be smaller the stronger is duopoly price compe-
tition, and the smaller are the monopoly profits (ceteris paribus the smaller is

! This argument assumes that the entrant considers only entry-preventing policies. We show
in Eaton and Lipsey (1980), footnote 2, that nonentry-preventing strategies are never profitable.
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R, or R,). Regulation that reduces monopoly profits may thus reduce the social
waste analyzed in this paper.

Since A* > 0 and 4'(A) > 0, it follows that #(A*) > H. In other words, the
strategy of entry deterrence leads the monopolist to choose plant which is more
durable than the cost-minimizing durability. This result does not reflect an addi-
tional burden since, given A*, durability is chosen to minimize costs.

3. Model 2: maintaining plant

B In model 2 we assume that plant costs K, K > 0, and that maintenance
costs, m, are a convex function of age of plant, a:

m = g(a), g'(a) >0, g"(a) = 0. (10)

Notice that we have three categories of costs in this model: sunk costs of
plant; costs of maintaining plant which are avoidable only by not producing
and which are invariant with respect to output; and the constant marginal costs
of production. Define C(S) to be the discounted present cost of a new plant
over a service life of § periods. Then

S
C(S) =K+ J g(a) exp[—ralda. (11
0
The restrictions on g(a) imply that C'(S) > 0 and C"(S) > 0.

C(S) satisfies the restrictions on the cost function in model 1, and it follows
immediately that the monopolist could create a minimum commitment to the
market, A, by replacing plant, with a prepaid maintenance contract of S periods,
every S — Aperiods. By analogy with model 1 there exists a A* which maximizes
profits, subject to entry’s being unprofitable. Further, it is easily demonstrated
that the optimal service life associated with A* is less than the cost-minimizing
service life, so that plant is replaced before its economic life is over.

Our purpose in model 2 is to explore another entry-preventing strategy
when plant is maintainable. Accordingly, define S to be the policy of replacing
plant every S periods. The present value to a monopolist of this policy is

R, C(S)

V(S) = — -

_— 12
r 1 — exp[—rS] (12)

V(S) is pseudoconcave in S, decreases without bound as § goes to zero and as
S goes to infinity, and therefore has a unique maximum.? Let § be the value
of § which maximizes V(S).

We wish to argue that, in the event of entry, the sitting monopolist would
stay in the market until his maintenance costs rose to R,. We argue as follows:
if g(a) were less than R,, and if the monopolist paid g(a), then he and the entrant
would face identical avoidable costs, the resolution of the duopoly problem
would be symmetric, and the monopolist would enjoy the flow R,; therefore,
the monopolist will incur the maintenance costs if and only if g(a) = R.,.
Alternatively, in the event of entry the monopolist could sign a binding main-
tenance contract with a third party, and his avoidable costs would then be just

2 Pseudoconcavity of V(S) requires that when V'(S) = 0, V”(S) < 0, which is easily verified.
See Diewert, Avriel, and Zang (1977) for a useful taxonomy of concavity.
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the marginal costs of production. An optimal maintenance contract would run
until g(a) = R,.

Let A be the age of plant such that g(A) = R,. Then if the monopolist
chooses a policy § = A, his minimum commitment to the marketisA — S. If he
chooses S > A, his minimum commitment to the market is zero.

Then we seek the existence of a policy $* which solves

max V(S) ]
subject to I (13)
E(S,S%) =0,
where
A—S
V(S*) = (R, — Ry) j exp[—rfdt,  if S =A,
E(S,S%) = o (14)
V(S*), if S>A.

E(S,S%) is interpreted as the present value of an entrant’s pursuing policy S*
when the monopolist’s policy is S.

Several cases require attention. First, suppose the moncpolist adopts policy
S. It is clear from (14) that if A is large enough relative to S, the monopolist
need not pursue an active policy of entry prevention. Let A be the value of
A in (14) such that E(S,S) = 0. Then, if A = A, $* = §, and entry prevention
is costless. This is a case of type-T natural monopoly.

Denote by S, and S, the minimum and maximum values of S such that
V(S) = 0. Pseudoconcavity of V(S) then implies that V(S) > 0 in the open
interval (S;,S,) and V(S) <0 for S < S, and for § > §,. When A = §,, the
constraint in (13) cannot be satisfied in the profitable range of production.
Thus $* = §, and §* = §, are the only solutions to the problem posed in (13)
and V(S*) = 0. In this case it is clear that the use of a prepaid maintenance
contract to deter entry is the preferred strategy.

Finally, consider the case when S; < A < A. E(S,,5,) <0, since S, < A,
and E(S,$) > 0, since A < A. Both V(S) and E(S,S*) are increasing in S when
S, < § < 8, and thus $* must satisfy E(S*,5*) = 0. Since E(S,S) is increasing
in S in this interval, there exists a unique S*, §; < §* < S such that E(S*,5%)
= 0. An argument parallel to that in model 1 shows that $* is the unique OEPP.
Since §* < §, plant is replaced before its economically useful life is over.

- We have shown that when plant is maintainable, there exist circum-
stances where entry deterrence is costless, the case of type-T natural monopoly.
When an active policy of entry deterrence is necessary, the monopolist has
two options, both of which require the replacement of plant before its economi-
cally useful life is over. Since a potential entrant has the same options, the
monopolist must choose the more profitable option.

4. Conclusions

B Our analysis suggests a need for revision of the concept of natural monopoly.
A fully insulated natural monopoly must have both type-A and type-T natural
monopoly. If it has only the former, it may be able to use specific capital
to create a type-T artificial monopoly.

Profit maximization does not imply cost minimization in our models. Thus,
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when one is considering the creation of artificial barriers to entry, taking mini-
mized costs as a primitive can be misleading. Product-specific capital is a natural
vehicle for commitment, and firms who so use it will violate cost minimization.

It may be useful to consider the argument that a successful entry-preventing
strategy must be based on commitment, not threat, in the context of the crea-
tion of a type-T monopoly. To make an entry-deterring threat in model 1, the
sitting monopolist must threaten that in the event of entry, he will stay in the
market long enough that the entrant’s present value at time of entry will be
nonpositive. ‘‘Long enough’’ is A* periods. If the sitting monopolist’s plant has
at least A* periods of remaining economic life, then the threat is a commitment,
because the sitting monopolist’s plant can more than cover its variable costs. If
his plant has less than A* periods of remaining economic life, the threat is not a
commitment: fulfilling it would require building new plant at a time when it
promises a negative present value. A* can be interpreted as the monopolist’s
minimum commitment to the market or as the minimum barrier to his exit. It
is in this sense that barriers to exit are barriers to entry.

The intuitive appeal of our results suggests to us that they will survive
generalization of our assumptions with respect to capital. Two obvious possi-
bilities are capital that decays exponentially or capital that decays only with use.
Specific capital is a natural vehicle for commitment to the market, and commit-
ment is valuable to the firm, since it inhibits entry. Accordingly a profit-
maximizing firm will choose the specifications of specific capital (its durability
and/or time of replacement and/or level of maintenance, etc.), so that marginal
cost is equal to a positive marginal value in inhibiting entry. This choice will
often result in specific capital that is ‘‘too durable’’ or ‘‘too soon replaced”’
or ‘‘too well maintained’’ relative to the unconstrained cost-minimizing
solution.

The entry-deterring strategies that we have analyzed would be relatively
easy to detect in a world of static demand and technology. They would, how-
ever, be much harder to detect in the real world of changing demand and
technology. The entry-preventing firm may then appear as the ‘‘alert” firm,
establishing capacity to meet growing demand, and as the ‘‘progressive’ firm,
investing early in new technologies.

Application to policy is clearly premature. The purpose of this article is to
reveal a gap in our present theories of natural and artificial monopoly. To do
this we use stark concepts of capital. At a minimum, analysis of more *‘realistic’’
assumptions with respect to capital and corroborating empirical work are
necessary before the social waste that occurs in our models can be held to be
likely and/or significant. In this context it is important to note that although waste
of capital always occurs in model 1, it may be unnecessary in model 2.3
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