


“Because technology such as software requires huge fixed investment up-front, but
involvestrivial marginal costs, it is highly likely that competition will result in *fragile
monopolies being created, with single companies dominating segments for atime, until
they are toppled by rivals.” The Economist, “The New Enforcers.” October 7, 2000.
. INTRODUCTION

The ability of incumbent firmsto maintain their market power by deterring entry
has been atopic of considerable interest for some time. With the advent of game theory,
economists have recognized that entry deterrence strategies must be credible. Imposing
this credibility requirement on an incumbent’ s strategy in a price or quantity setting game
with the entrant has had a profound effect on the analysis of several types of entry
deterrence strategies, such as limit pricing (e.g., Milgrom and Roberts 1982) or capacity
expansion (e.g., Dixit 1980). Typically, however, these analyses have not considered the
credibility of the incumbent’s decision to remain in the market or to exit. They have
assumed parameter values such that exit is never optimal (the no exit threat is always
credible) or that the incumbent can commit not to exit the market. In industries with
large fixed, but not sunk, costs, however, exit can be the profit maximizing strategy when
faced with an entrant who may be much more efficient or have afar superior product.
American Airlines, for example, decided to abandon its San Jose hub and many routes
within California shortly after Southwest Airlines entered the San Jose market (San Jose
Mercury News 1993; Washington Post 1993). In fact, as the above quote indicates, the
credibility of the no exit threat could become increasingly important as rapidly advancing
technology provides opportunities for entrants to topple dominant firms in many

industries. Thus, it is more important than ever to analyze the effect of the exit option on

the ability of incumbents to deter entry.



Thisisespecially true given that this paper shows that allowing for the possibility
that the incumbent may want to exit the market (and, thus, requiring that the threat to
remain in the market after entry be credible) can have as profound effects on entry
deterrence strategies as does imposing the credibility constraint on the incumbent’s
pricing or output strategy. Thisis true both when the entry deterrence strategy in
question is of the type that affects the entrant’ s perceptions about profitability given entry
(e.g., limit pricing), and when they are of the type that actually do affect future
profitability (e.g., investments in capacity expansion or cost reduction or advertising).

In the case of limit pricing, while one might think that the possibility of exit*
always makes limit pricing less effective at deterring entry, thisis not necessarily the
case. In separating equilibria, of course, since the incumbent’ s type is perfectly revealed,
the possibility of exit does not change the fact that limit pricing does not affect the entry
probability. For pooling equilibria, however, introducing the possibility of exit does
matter. In particular, when exit is allowed, the high cost incumbent is less likely to pool
(in apartia pooling equilibriun?), i.e., choose the same first period price as alow cost
incumbent, than if it could not exit (because, say, fixed costs were sunk). Not pooling,
and thus inducing entry, is now more attractive to the incumbent because it isn’t forced to
remain in the market when this resultsin negative profits. This effect tends to make entry

more likely when exit is possible.

11 will often speak of comparisons between cases where exit is possible and where it isnot. Thiscan be
thought of as either comparing models where the incumbent can not commit not to exit to modelswherei t
can or as comparing models where levels of avoidable fixed costs are such that exit is sometimes optimal



Because of this, however, the entrant is actually lesslikely to enter after observing
the pooling price when exit is possible than when it isn’t (because the entrant is more
likely to be up against alow cost incumbent). This more than makes up for the fact that
if itisup ag
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profits of the incumbent, given entry, larger, not because they a so reduce the profits of
an entrant. Increases in the fixed cost of entry, however, have no effect on entry
probability because they don’t affect the incumbent’ s profits given entry, and thus don’t
affect itsincentives to exit. Thus, strategies such as lobbying for tighter environmenta
standards for new plants will not be effective in deterring entry when exit is possible (but
not certain). Thiswill even be true for regulations that raise the marginal costs of a new
entrant, thus reducing its expected profit from entry, so long as they also raise the
incumbent’ s margina cost enough to reduce its profitability in the event of entry. As
surprising as this may seem, it follows because the higher the cost of entry or the less
profitable duopoly competition is for the entrant, the more effective a competitor an
entrant must be to warrant entry. This reduces the expected profits of the incumbent,
making it more likely to exit. Thisincrease in the exit probability then induces more
entry, counteracting the increase in the entry cost.

On the other hand, advertising that expands the market for both the incumbent and
the entrant can actually deter entry when exit is possible, even though it would encourage
entry were exit not possible. Again, the reason is that by increasing the demand for the
product, the incumbent increases its expected profitsif entry occurs.® This makesit less
likely it will exit, making entry less attractive. This effect more than compensates for the
direct effect of the larger market on the profitability of entry.

While most of the literature on entry deterrence has assumed that exit by the

incumbent firm is never optimal, there are afew exceptions. Judd (1985), in amodel of

% One can imagine some types of demand curves (such as constant elasticity demand) where parallel shifts
of the demand curve might actually reduce duopoly profits by inducing each firm to act compete more
aggressively. Inthese unusual circumstances, advertising that induced such aparallel shift in the demand
curve would not deter entry since it would not i ncrease the incumbent’ s duopoly profits. | thank Jeremy
Bulow for pointing this out.



spatia competition, shows that, when the incumbent can exit, its ability to pre-empt entry
into anearby product by entering first islimited. Eaton and Lipsey (1980) alow for exit
to discuss the optimal durability and replacement of sunk capital. Neither of these
papers, however, considers the impact of exit on the type of entry deterrence strategies
discussed here* Moreover, both use complete information models, so the interaction of
asymmetric information and exit, which is the essence of this paper, is not present in
either of those papers.

In the limit pricing literature, LeBlanc (1992) allows the incumbent firm to exit
and recover some of its fixed costs. Thus, hismodel contains some exit in some
equilibria. Hisfocus, however, isnot on the effect of exit on the effectiveness of limit
pricing. Infact, since he only examnes separating equilibria, and pooling equilibria are
the only ones where exit affects the ability of limit pricing to deter entry, he does not
derive any results about the role of exit in limit pricing strategies.

In the investment in entry deterrence literature, both Arvan (1986) and Bagwell
and Ramey (1996) (in capacity models) allow for the possibility of exit by the incumbent
following entry. In Arvan's paper, however, the only uncertainty is about the
incumbent’ s technology, not the entrant’s. So the effect | describe about the interaction
of the entry deterring strategy with the credibility of the no exit threat does not exist in
Arvan’'s paper. In Bagwell and Ramey there is no asymmetric information, but they do

derive alink between capacity expansion and exit by assuming forward induction. This,

* The spatial preemption model of Judd (1985) could be seen as a special case of the strategies| discussin

Section I11. However, since there is no uncertainty in hismodel and the entry deterrence strategy is of fixed

magnitude, the equilibrium result is exit with probability one. Therefore, the most interesting equilibrium

in Section 111, the mixed strategy equilibrium, doesn’t arisein Judd’s model. By the sametoken, since this

paper doesn’'t consider spatial markets, the model in Section 111 doesn’t cover the interesting aspects of

Judd’smodel. Thus, while his paper has similarities with this one, the situationsit covers and itsresults are

quite distinct.



essentially, gives the entrant alimited ability to commit to its output level. The way this
worksis that, under forward induction, the incumbent assumes that the entrant will
produce alarge enough quantity to cover its entry costs assuming the incumbent takes
this output level asgiven. A consequence of giving the entrant this commitment ability is
that the incumbent then wants to constrain its capacity so that the entrant can enter and
make positive profit without the incumbent exiting. Like their paper, | also show that
exit can make entry deterrence strategies less effective. My paper, however, gets this
result by introducing asymmetric information rather than limited entrant commitment
made possible by assuming forward induction. This distinction is fundamental because it
is both the possibility of exit and uncertainty about the entrant’ s type that generate the
result that entry deterrence is accomplished solely by decreasing the incentive to exit, not
by decreasing the profitability of entry.

The plan of the paper isasfollows. In Section |1, | discuss the effect of exit on
strategies, such aslimit pricing, that only affect the entrant’ s perceptions about the
profitability of entry. Section Il discusses entry deterrence strategies that affect the
actua profitability of entry. Section IV concludes. The Appendix contains the proof of
the first and third propositions.

[I. STRATEGIESTHAT AFFECT PERCEPTIONS: LIMIT PRICING

To show how the possibility of exit changes the effectiveness of limit pricing, |
consider asimple model where there are fixed, but not sunk, costs of operating in any
period. These costs, which can differ between the entrant and the incumbent, are
common knowledge. The entrant’s marginal cost is aso common knowledge, but the

incumbent’s marginal cost is private information. The set up of the game is asfollows.









thet p, ,,(c) > f , so that when E does not enter, | never exits. Given its cost parameter,
c, | chooses a to maximize (1).

From here on, | will examine the simple case where there are just two possible
cost parametersfor I, ¢y >c; . Theex ante probability that I’s cost parameter is ¢y iSQ.
E's cost parameter, known to all, is cg . E'sexpected period 2 profits from entry are as

follows:

@ Pe(@) = py (A[A- px(@Cy)PE2dH + Px(@,CH)IP g2m]
+(1- py (Q)[A- px(@c )Pe2da + Px(&CL)Pe2m] - fE

With probability py (a), | has high costs (notice that this is the posterior probability that

the incumbent has high costs given the action observed in period 1). Giventhat, if | does

not exit, then E earns gross duopoly profits p goqy - If | doesexit, then E earns gross
monopoly profitsof p g,,,. With probability (1- py(a)), | haslow costs. In this case,

I’ s exit probability and E’s duopoly profits are adjusted accordingly. To enter the market,
E must pay the fixed cost fe.

Because | want to examine the perfect Bayesian equilibrium of this moddl, |

requirethat py (a) be determined in accordance with Bayes' rule. That is:

_ gLy (a)
, _
3) P @+ - L@

In (3), L; represents the likelihood that an incumbent with cost level ¢; would choose
action a.
In this smple model, exit only mattersif the high cost incumbent will exit if the

entrant enters and the low cost incumbent will not. Thus, | assume that

Pog(Cy) < T <p;og(cy). Itiswell known that in models of this type both pooling and



separating equilibria are possible. 1n separating equilibria, the incumbent’ stypeis
perfectly revealed, so limit pricing never deters entry whether exit is possible or not.
Thus, the effect of exit on separating equilibriais not very interesting. | will confine the
analysisto equilibriawith at least some pooling. That is, if ap isthe (pooling) action
chosen by the low cost incumbent, a high cost incumbent chooses ap with positive
probability. For thisto be a perfect Bayesian equilibrium the following conditions must

hold:

(43) ( )EO
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choosing action ap both if exit ispossible and if it isn’'t. Because the entrant isindifferent
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probability when exit isan option if and only if ¢y <cy *. cy* isimplicitly defined by
the equation

(Pe2d(Ch™) - Pe2d(CL))PE2m - TE)P 1 2m(CH™) - ) =
Pe2a(ch™) - fe)Peam - Pe20(CL))P12m(CH™) - Pi2qa(Ch™))

if ap completely deters entry in the exit case. If ap does not completely deter entry in the

exit casethen ¢, * isimplicitly defined by the equation

Pe2a(Ch™) - Pe2dCL)PEZM- TE)(F - Pi2g(Cy™)) =
(fe- Pe2d(CL)PE2m- PE2d CH* )P 12m(CH™) - Pr2d(CH™))

Proof. See Appendix.

At first glance, Proposition 1 (especialy part (b)) may seem somewhat counter-
intuitive: the entrant enters less often (with smaller probability) after observing the
pooling action ap when the incumbent can exit than when it can’'t. Thisis explained as
follows. Because ap represents a partial pooling equilibrium, the high cost incumbent is
indifferent between it and choosing its myopically optimal action

follows. BecauseaP
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entrant’ sindifference, it must face high cost incumbent with greater probability after
observing the pooling action. Thus, the high cost incumbent must pool more often when
exit isimpossible (or less often when exit is possible).

The comparison of the total amount of entry, then, depends on the strength of the
two competing effects. With exit, a high cost incumbent tries to deter entry by pooling
less often, but pooling is more successful a deterring entry. When a high cost
incumbent’ s costs are very high, the second effect dominates; there isless entry when
exitis possible. Otherwise, there is more total entry when the incumbent can exit after
observing entry than when it can’'t. The reason for thisis that the exit option isrelatively
more vauable to the high cost incumbent the higher its costs are (the higher its costs the
more negative its profits are after entry if it cannot exit). Thus, the amount by which ay
is more profitable when exit is possible relative to when it isn’t isincreasing in the high
cost incumbent’s costs. So, to maintain indifference, the amount by which the probability
of entry falls (when exit is possible relative to when it isn’t), again, given the pooling
action, must be greater the higher the high cost incumbent’ s costs.

To seethat it is possible to have either more or less entry when exit is possible,
consider two extreme valuesfor cy. First, if cy isvery large, then the entrant’s profit in
duopoly will only be marginally lower than its monopoly profit. Thus, the fraction of
high cost incumbents that choose the pooling action need only be marginally higher when
exit is not possible to ensure that the entrant remains indifferent about entry when exit is
not possible.  When the high cost incumbent cannot exit, however, choosing ay becomes
much less profitable because its |osses after entry are much larger dueto its very high

costs. Thus, to ensure that ap is not more profitable than a4 now that exit is not possible,
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the probability of entry, conditional on ap, must be much larger when exit is not possible.
So, when exit is not possible and cy is very large a high cost incumbent chooses the
pooling (entry-deterring) action with only amarginally larger probability as when exit is
possible, but that action is much less effective at deterring entry. So there will be, on
balance, more entry when exit isimpossible than when it is possible.

On the other hand, if ¢ issmall enough that the high cost incumbent is only
barely better of by exiting after entry, then the myopically optimal action, ay, isonly
dlightly better for it when exit is possible than when it isn’'t. Asaresult, the entry will

tsaele.toppccur only dightly more often (given the pooling action) when exit isimpossible
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exit the market is not a benign assumption when judging the effectiveness of limit pricing
strategies. When the pooling equilibrium is complete, the possibility of exit
unambiguoudy reduces the effectiveness of limit pricing at deterring entry. When the
pooling equilibrium isincompl ete, the option to exit will limit the effectiveness of
deterring entry if the high cost incumbent’ s costs are not too high. Otherwise, the option
to exit will actually increase the effectiveness of this entry deterrence strategy.
[11.STRATEGIESTHAT AFFECT FUTURE PROFITABILITY

In this section, | examine the effect of exit on entry deterrence strategies that
operate by affecting actual future profitability rather than the entrant’ s perceptions of the
profitability of entry. In order to make the distinction clean, in this section the entrant
will have the private information, not the incumbent. Therefore, any entry deterrence
strategy by the incumbent will not influence the entrant’ s perception of the incumbent’s
type. Entry deterrence can only work by affecting the actual profitability in period 2.
The types of strategies | have in mind here are incumbent investment in cost reduction (or
capacity expansion) in period 1 that has the effect of reducing the incumbent’ s marginal
cost in period 2 or advertising by the incumbent in period 1 that affects the demand for
the product in period 2. The incumbent could aso sign exclusive contracts with suppliers
(or buy up critical resources that are in limited supply) that increase either the marginal or
the fixed cost of the entrant in period 2 (notice that some of these strategies will affect the
entrant’s profits even if the incumbent exits).

The model in this section differs from the model in Section 11 in the following
ways. First, theincumbent’s marginal cost parameter, c, is common knowledge. Second,

the entrant’ s marginal cost parameter, Cg, is private information to the entrant. The
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incumbent knows only that it is distributed according to the cumulative distribution
function G, with associated density function g, with support [c_E , E] . Inperiod 1, the

incumbent takes an action, al A, that affects both its profitsin period 1 and (potentially)
its own profits and the profits of the potential entrant (should it enter) in period 2. The

potential entrant, E, observes a
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Entry Region No Entry Region

| | |
| | | i
Ce Ce (a) Ce

Given this entry strategy, the incumbent’ s inter-temporal profit function can be

written as follows:
Pi(@=p;@- f+
(6) G A
b{(- px(Q))Q_ (Prz2a(a,Ce) - T)g(Ce)dee +(1- G(Ce()))(Piam(a)- 1)}
In period 1, the incumbent is a monopolist and earns the associated profit, p4(a),

lessitsfixed operating cost of f. This profit isafunction of a in that the monopolist’s

first period profit will be reduced if it investsin second period cost reduction or
advertising to increase second period demand. Thus, | will think of p f;(a) asbeing
negative. Its second period profits are discounted by 3. When the entrant enters, which

happens when its costs are between [cg, Ce(a)) O
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There can be equilibria where the incumbent always exits upon entry. For
example, consider an entrant of type cg4(a) such that it earns zero profitsas a

monopolist, that is, p £om(a,Ce1() - fe = 0. If fj:l(a)(p,Zd (@,ce)- f)glce)dee £0

then the incumbent’ s expected profits are non-positive if it does not exit. Hence, it will
aways exit if the entrant enters, and all entrantswith cz < cg4(a) enter. In such cases,
however, a can il have value to the incumbent since it may reduce the probability of
entry and may increase the incumbent’ s profitsin period 2.3 when thereis no entry. |

define the set A, as follows:
f suchc-90Tf4

CE1(®)

A ={al A:pgam(acei(a))- fE:QQE (Pi2q(ascg)- f)g(cg)dee £ 0

If al A then the incumbent exits with probability one if thereis entry.

It is also possible for the incumbent to never want to exit upon entry. Consider

Ce,(a) suchthat P () 0
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The set Ayisthe set of al actions that for which there is an equilibrium where the
incumbent does not exit in period 2.2. Thus, if al A E A, then theincumbent will exit

with some probability p (a)T (0,)
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By contrast, if exit is not possible, the cutoff level for entry, which I'll call

Cen(@) , will be determined implicitly by the following equation:

(11) Pe2d(aCen(d)- fg =0

Differentiating this with respect to a
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when al A,. However, asthe profitability of entry fals, it is only the more efficient
entrants who can profitably enter. This reduces the incumbent’s profitsin period 2.3.

Once the profitability of entry is reduced to the point where the incumbent earns
zero expected net profits from competing againgt the entrant, reducing the profitability of
entry, conditional on market structure, no longer deters entry (over the region

al A EA,). Thereasonisthat if the cutoff level of the cost parameter for entry
continuesto fall, the incumbent will expect negative profitsin period 2.3, so it will exit
with probability one. Knowing this, however, less efficient entrants (those with cost
parameters above C¢ (a) ) will enter, which will induce the incumbent to remain in the
market. Thus, past the point where the incumbent earns zero expected profitsin period
2.3, reducing the profitability of entry will only increase the incumbent’ s probability of
exit so as to continue to ensure that entrants with a cost parameter of Cg(a) break even
from entry. Of course, once the profitability of entry falls below the point where an
entrant with the old break even cost parameter ¢z (a) can break even as a monopoalist,
then decreasing the profitability of entry will again reduce the probability of entry and the
incumbent will exit whenever thereisentry (now, al A).

On the other hand, if the incumbent’ s action increases its duopoly profits given
the efficiency of its competitor, it will remain indifferent about whether or not to exit
only if the expected efficiency of the entrant it faces hasincreased. Thus, the entry rule
must change (when al A E A,) to have entry only when the entrant’s cost parameter is
below some lower level than before. To ensure that a less efficient entrant does not want

to enter (since its profitability, conditional on the market structure, has not changed), the
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incumbent must exit with asmaller probability than if had not taken this action to
improve its profitability.

Investmentsin marginal cost reduction (or quality enhancement) are entry-
deterring strategies in both cases, though their effectiveness may differ greatly.

Similarly, raising the entrant’s marginal costs (or reducing its quality) are effective entry-
deterring strategies with or without exit. Strategies that affect fixed costs, however, will
operate quite differently in the two situations. When exit is possible, fixed costs of entry
are not entry barriers, that is, they don’'t affect the probability of entry (so long asthey
aren’t too high). Thus, increasing the entrant’ s fixed entry cost is pointless for the
incumbent. As explained above, all that will do isincrease the equilibrium exit
probability without affecting the entry probability. On the other hand, if the incumbent
can pay some of its fixed costs of operating before the entrant makes its entry decision
(say by signing long-term employment contracts or long-term leases), thiswill deter entry
by making its threat to remain in the market more credible. (Of course, to the extent
these contracts could be renegotiated, the effectiveness of these strategies may be
limited.)

Thisdistinction also is critical when one considers the operation of advertising as
an entry barrier. If the goods of the incumbent and the entrant are not highly
differentiated, one might think that the incumbent would want to refrain from advertising
to increase the size of the market because that might induce entry. When exit is possible,

j -0.13860tinctioen one might indt)
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made the incumbent’ s threat to remain in the market more credible. A similar argument
would apply to investments in quality enhancement that are nontrival (improve the
entrant’s quality as much astheincumbent’s). This effect issimilar to Nalebuff’s (1987)
point about the importance of credibility in pretrial settlement negotiations.

One might wonder how sensitive the resultsin Proposition 2 are to the need for a
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of the incumbent in period 2 are very tightly clustered then it only takes avery small
reduction in the cutoff level of entry to cause a big shift in the probability of exit. Thus,
the entrant must only be dightly more efficient to still break even after the incumbent has
acted to reduce the entrant’ s profits. Thus, while stark nature of the resultsin Proposition
2 is dependent on the mixed strategy equilibrium, the results do not change in aknife-
edge way when some uncertainty isintroduced.

In addition, introducing this uncertainty will not change the fact that actions that
only increase the duopoly profit of the incumbent deter entry. (By increasing s*, they
reduce the probability that the entrant will be a monopolist.) Whether or not a strategy,
such as advertising, that increases profitability for both the incumbent and the entrant
deters entry will depend on the magnitude of the uncertainty. The smaller the uncertainty
about the incumbent’ s costs the more likely advertising will deter entry rather than
encourage it.

Notice that when the conditions of Proposition 2 hold, there will necessarily be
more entry when exit is possible than when it isn’t. This follows because the condition
for the entry cutoff when thereis no exit, equation (11), says that all entrant types that
can make non-negative duopoly profits, net of their fixed entry cost, enter. When exit is
possible, however, equation (8) indicates the entrant’ s profits from entry are a weighted
average of duopoly and monopoly profits. Since monopoly profits exceed duopoly
profits, higher cost entrants will enter when exit is possible. |If the conditions of
Proposition 2 do not hold, there will either be exit whenever there is entry, in which case

there is even more entry, or there will never be exit, in which case entry is unaffected by
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the exit option. Thus, not surprisingly, for entry deterrence strategies that actually affect
future profitability, the exit option reduces the ability of incumbent to deter entry.

This does not necessarily imply, however, that the incumbent will make less effort
to deter entry when exit is possible than it would were it impossible (where more effort is
defined as a greater level of a, and thus more first period profits foregone). In fact, there
IS no clean comparison of the incumbent’ s incentives to forego profits to deter entry in
the two cases because the entry deterrence mechanism is so different when exit is
possible than when it isn't. This can be seen by examining the first order conditions for
the entry deterrence action, a, in the two cases. When exit is possible (and occurs with

positive probability) the marginal profit from aisthe following:

(13)  Pf(a) =pfy(a) +b{(L- G(Ce(a)))Pfom(d) - CE(@)I(Ce(@))P 2m(@) - )}
Thisfollows from differentiating (6) with respect to a, while fixing the incumbent’ s profit
when thereis entry at zero. By substituting in for €t (a) using equation (10), this

becomes:

(14)

{@ C O 20) ( 12a(. )/ ) (E) &
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deterrence value from a is strictly greater than the amount by which it increases duopoly

ima-f

profits (
| gacga -f
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when it isn't will be heavily dependent on how strongly a affects the entrant’ s profits. If
the action a, however, has either no effect on the entrant’ s profits or increases them (e.g.,
iIf it is advertising that expands the market), then it is much more likely that the
incumbent will choose alarger a when exit is possible.

Focusing on the case where a is a cost reducing investment, one might also
wonder if the threat of entry increases or reduces the incumbent’ s incentive to reduce
costs? In the exit case, one can look at (14) to answer this question. Notice that the

marginal benefit from cost reduction, a, can be separated into two different terms:

P{(a) =pf1(a) + bpfam(a) +

(14?) Ce@ dpipg(ace) Piom@-f
bQ_E i, o (2.6 (@) 1 P Fm(@)]9(ce)dee

Thefirst line of the right hand side is the margina benefit from a when there is no threat
of entry. The second line is adjustment in the marginal benefit due to the threat of entry.
The threat of entry will increase the incumbent’ s incentive to reduce costs, when exit is
possible, if and only if the second line of (147?) is positive.

One can perform the same decomposition of the margina incentive to reduce

costs when exit is not possible:

P{(a) =pfi(a)+bpfom(a@ +

15 b " VPO oo (@tg(ce)dee

- bY(Cen (@)1 2m(@) - P12 (8 en (B)IEE (@)
As before, the threat of entry increases the incumbents incentive to reduce costs, when
exit isnot possible, if and only if the last two lines of (15?) are, together, positive.
With completely abstract profit functionsit is not possible, in either case, to say if

the threat of entry increases or decreases cost reduction incentives. When exit is possible,
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however, Proposition 3 describes a leading case where one can say that the threat of entry

always increases cost reduction incentives.

Proposition 3. Say profitsin period 2.3 are determined by a one-shot Cournot quantity-
setting game. |f the reaction functions are downward sloping, then, if exit is possible, the
threat of entry strictly increases the incumbent’ s incentives to reduce costs. Thisis not
necessarily the case when exit is not possible.

Proof. See Appendix.

Thisresult isreally driven by Proposition 2. There can be areduced incentive to
reduce costs in a duopoly market vis-a-vis amonopoly one because the incumbent
produces less output. However, when exit is possible, the incumbent only cares about
cost reduction in aduopoly market to make its threat of not exiting the market more
credible. Thus, the benefit from cost reduction in a duopoly market is that by increasing
the credibility of the incumbent’ s threat not to exit, the incumbent is more likely to be a
monopolist rather than a duopolist. So when exit is possible, cost reduction benefits still
come from the entire monopoly output. Moreover, the benefit is not just the reduced cost
but also the larger price the incumbent gets when it is a monopolist rather than a
duopolist. Asaresult, the threat of entry strictly increases the incumbent’ s incentive to
reduce costs.

The above argument does not work for the Bertrand case due to the discontinuity
of the effect of costs on profits. A smple example will illustrate how with Bertrand

competition the threat of entry could actually reduce the incumbent’ s incentive for cost
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reduction, even when exit ispossible. Say the distribution of entrant types who enter are
concentrated around two points: either the entrant has costs that are above the monopoly
price for the incumbent (say entry costs aretiny), at itsoriginal cost level, or its costs are
far enough below the incumbent’ s that it isn’'t profitable for the incumbent to reduce its
coststo that level. Notice, the incumbent’ s duopoly profits at cutoff level for entry are
equal to its monopoly profits. So, the weight on the effect of a duopoly profitsisjust
one; the entry deterrence value of cost reduction does not magnify the direct value of cost
reduction on duopoly profits since the incumbent is earning monopoly profitsasa
duopolist. Thus, for the high cost entrant types, the incentive for cost reduction is
unaffected by the threat of entry. If the entrant is of the low cost type, however, then the
incumbent has no sales after entry, so cost reduction is of no benefit. Thus, the incentive
for cost reduction must be strictly greater when there is no threat of entry.

When exit is not possible, the threat of entry can also either increase or decrease
the incumbent’ s cost reduction incentives, even under Cournot competition. The reason
isthat, when there is no exit, the entry deterrence benefit from cost reduction is (as

Proposition 2 demonstrates) completely independent of the duopoly benefit from cost
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possibility can significantly ater the ability of entry deterring strategies to credibly deter
entry. Thus, analyzing the effectiveness of entry deterrence strategies when exit is never
optimal (or when the incumbent can credibly commit not to exit the market) can lead to

as faulty conclusions about the effectiveness of entry deterrence strategies when exit is
possible as assuming the incumbent can commit to a pricing or output policy. These
credibility issues could be particularly important in industries where technology is rapidly
advancing, making the risk that an entrant could supplant an incumbent quite large. Even

where the exit by the incumbent does not happen immediately, asis depicted inthis
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APPENDIX

Proof of Proposition 1. (a) Using (3), (4a?) can be written as follows (where r, isthe
probability the high cost incumbent chooses the pooling action):

qrp 1- g
(A1) _ W o419
ap+@-a) " ar, +(1- q)

When exit isn't possible, the analogous condition is (here r,, isthe probability the high
cost incumbent chooses the pooling action when exit isimpossible):

_ @on g 1-a i

Uron + (- ) P E2dH O o+ (- ) Pe2g - fE£O

If (A2) holds dtrictly, then a must be a complete pooling equilibrium when exit is
possible. Otherwise, there would be no entry when exit is impossible, making the
pooling option is strictly better when exit isimpossible than when it is possible. But the
myopically optimal action, a, is strictly worse without exit. Thus, if the incumbent is
indifferent between the two actions when exit is possible, it will aways choose the

pooling option when exit isimpossible. Thisensuresthat r,, =1. Since Proposition 1

PeoaL - fE£0

(A2)

assumes there is no compl ete pooling equilibrium when exit ispossible, r, <1=r,.
Now | consider the case where (A2) holds at equality. Solving for ry, yields:

(A3) Mon = - (e - Pe2aL)

AP e2an - fe)
Solving (A1) for ry, givesthe following:
s @- o9)(fe - PE2dL)
p
dPeom- fe)
Since monopoly profits are greater than duopoly profits, r, <rg,.

(b) When ap is not a complete pooling equilibrium when exit isimpossible then(A2)
holds at equdlity, by the argument in (a). Since & is not acomplete pooling equilibrium,
the high cost incumbent must be indifferent between a- and ay. That is:

(A5) Pi(ap.Cy) =P (@4 ,Ch)
When exit is possible entry always follows ay and the high type aways exits following
entry. Thus, (A5) becomes:

(A6) Pi1(@p.cq)- F+b{@- pe(@))Piam(cy)- )} =pja(ay.cy)- f
Solving for the probability of entry after observing ae gives the following:

(A7) Pe(ap) =1- Pia(@y.CH) - Pia(a@p.Cy)

b 2m(cH)- T)
If exitis not possible, | can write (A5) asfollows.

Pia(@p.cy)- F+b{pen(@p)(Pi2a(Ch)- f)+@- Pen(@))P)2mlcH)- )}
=pi1(@q.Cq)- F+b (P 2q(cy)- T)

Now pe,(ap) represents the entry probability with no exit. Solving (A8) for py,(ap)

gives the following.

(A4)

(A8)
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_._ Pi(@q.cH) - P11(@p.ch)
A7 on(3p) =1-
A7) Pl = 01 am(Gi1) - P28 G )

Since Py om(CH) > f >Pi2g(CH). Pen(@) > Pe(ap).
(c) There are two cases to consider, where the pooling action in the exit case deters entry
completely and when it doesn’'t. The former, case (i), occursif and only if

b 2m(CH) - ) =pia(@n.Cq)- Pia(ap,cy). Otherwise, in case (ii),

bP2m(cH) - f)>pia(ay.cy)- Pi1(ap,cy), sothereis someentry.

Case (i). Thetotal probability of entry in the exit caseis g(1- r,), sincethereisonly
entry when the incumbent has high costs and doesn't pool. The total probability of entry
inthe no exit caseis: Pen(ap)(L- g+ 0arp,) +q(L- ry,). Using the equations above,

subtracting the probability of entry in the no exit case from the probability of entry in the
exit caseis at |least the following:

@- 9
b{p|om(cH) - P12d(CH))Pe2ar - fE)PE2M - fE)}
(A8) {(Pe2dan - PE20L)PE2m - fE)P11(aH CH) - P11(ap;CH))

- b(Pe2gn - fE)PE2m - PE2dL P 1 2m(CH) - Pi2g(CH))}
The likelihood of entry in the exit case less the likelihood in the no exit case exceeds

(A8) because (A8) usesthe value of r, from theright hand side of (A4). Now using the
factthat b (,on(cy) - f) =p1(ag.Cy)- P1(ap,Cy ), | canrewrite this asfollows:

1-9
{Pr1omCh) - P12d(CH))PE20H - fE)PEZM- fE)}
(A9) {Pe2dn - PE20)PE2M- TE)P 1 2m(CH) - T)

- Pe2dH - fE)PE2M- PE2dL)(P12m(CH) - P12g(CH )}
The denominator is positive since monopoly profits exceed duopoly profits and the
entrant makes net profits both as a monopolist and when the incumbent’ s costs are high
asaduopolist. The numerator will be positive when ¢ islow enough that the entrant

gets amost no profits from entry, (Pgogy - fg) ® O, or the high cost incumbent would
amost breaks even competing as aduopolist, p,,q(Cy) ® f. Thenumerator will be
negative when ¢y gets so high that the entrant’ s profit as a duopolist is almost as large as
its profit as amonopolist, Peogn ® PEom-

Now it only must be shown that the numerator is monotonically decreasing in cy.
Differentiating the numerator of (A9), ignoring the 1-q term, gives the following:

(Pe2gH - Pe2dl)PE2m - fE)Pf2m(CH) -

(A10) (Pe2dr - fE)PE2m - PE20L AP ®m(CH) - Pfg(CH)) +
[(Peam - fTEXPI2m(CH) - f)- (P12m(CH) - P12d (CH )P E2m - PE24L)] dpdEZdH
H
Rearranging terms:
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(Pe2m - Pe2dn )(fE - PE20L )P fom(Ch) +
(A11) (Pe2dr - FE)PE2m - PE20LP fog (CH ) +

[(Peam - fEXPI2m(CH) - f)- (P12m(CH) - P12d (CH )P E2m - PE24L)] dde(iZdH
H

Thefirst line is negative since E makes more profit as a monopolist than a duopolist, E
would lose money entering when I’ s costs are low, and I’ s profit is decreasing in its costs.
The second line is negative because E makes positive net profit as a duopolist against a
high cost I and makes more profit as a monopolist than a duopolist. Thethirdlineis
negative since p, o4 (Cy) < f, I loses money as a high cost duopolist, pgog. < fe, E
loses money as a duopolist with alow cost incumbent, and because E’ s profits are
increasing in I’ s costs.

Case (ii). Thetotal probability of entry in the exit caseis ps(ap)(L- q+ary) RPg(1- M) -
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Proof of Proposition 3. From equation (147), it is easy to see that to show that the threat
of entry increases the incumbent’ s incentive to reduce costsit is enough to show that :

dpiog(aCe)  Piom@-f WA A
(A15) da pa@ie(a)- 1 PHm(@)>0," cgl [ce,Ce(a)]
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b{27fgz, +2(z +(c- @) - 2cg )(z - 5(c- a) +4cg )}

722y (Ceyy - Cer)
Expression (A21) is positiveif and only if:

(A21)

é{50' g +27 - 3\/(21 - cg )’ + o fZEZZ} <a
(A22)
< %{50' /Cg +27 +3\/(21 - cg )’ 15sz22}

Thus, when exit is not possible, with these functional forms, the threat of entry will
decrease the incumbent’ s incentive to reduce costs when the optimal amount of cost
reduction is either very large or very small. Thiswill more likely be the case when the
first period loss of profit from cost reduction is very small or very large. For example,
when the parameters take on the following values:

C :3'5’CEL = O'CEH = 7,21 = 5,22 :1, fE ::Lb =.95
the threat of entry reduces the incumbent’ s incentive to reduce costs when the first period
loss from cost reduction is - a2, but increases the incumbent’ s incentive to reduce costs

when thislossisgiven by - 432, Q.ED.
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