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The public good aspect of entry prevention is exanuned in an industry charactenized by an
extablished oligopely facing a potential entrant. Although incumbent firmas act nonrcooperatively,
undersnvesiment 1 entry-deterience daes not ocour and in fact incumbents may find themselves
s a Pareto dominated arrangement (in terms of profits) by preventing entry.

1. INTRODUCTION

Beginning with the pioneering work of Bain (1956} and Sylos-Labini {1964}, the entry-
prevention literature has conceatrated on the case of an incumbent firm {or colluding
ipcumbents} facing poteatial entry. This includes, for example, Dixit {1979), (1980},
Milgrom and Roberts {1982} and Spence (1977). and the papers surveyed in Gilbert
{forthcoming}. Yet examples where a single firm bas maintained persistent control of a
market that 35 not a satural monopoly are rare. More common are situations where one
or g few firmas have remained dominant in an industry over significant periods and where
industry concentration levels have remained higher than could be justified by technological
condirions. Hence a more realistic setting for examining incentives for entry prevention
is that of an established oligopoly facing a potential entrant where all irms are strategic
agents plaving a noncooperative game.’

We consider @ msarket for a homogeneous product with an established m firm
oligopoly facing a potential entrant which must pay a fixed cost to enter the industry.
Marginal costs are constant and equal for all firms. In the first stage of the entry game
the incumbents decide independently how much to produce. In the second stage the
potential entrant decides whether o enter or not, and if it enters how much ta produce.
For any level of the entry cost there is an associated entry preventing output, and
incumbents can protect themselves from new competition by producing at least this
amouni. Restricting attention o subgame perfect equilibria, we find that if entry is not
blockaded (i.¢. 3f the limit output is larger than the m-firm Cournot output), three regions
for the entry preventing output describe the possible outcomes. If the limit output is
small, entry is prevented by incumbents and typically there is a continunm of entry
preventing equilibria. If the limit output is large, entry is allowed by incumbents and
total ontput is less than the entry preventing output. For limit outputs in an intermediate
region both types of equilibria exist.

Like national defense, entry prevention in this model is a public good. If any firm
produces enough to deter entry, all firms are protecied from competition. Thus each firm
could “free-ride” on the entry preventing activities of its competitors with the implication
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that there would be too little investmens 1o eotry deterrence. Another observation is that
soncooperative oligopolists overpraduce with respect 1o a coordinated cartel and this
might be condusive to entry deterrence. An analysis of the incentives for entry preven-
tion in an established oligopoly raises issues that are more subtle than these arguments
may suggest. The first argumesnt igrores the benefits that acorue to a firm that engages
in entry deterrence while the second ignores the fact that to prevent entry, when it is not
blockaded, the incumbents have to produce more than the oligopaly cutput (with no
threat of entryj.

In the paper we examine in detail the incentives for entry preverdion in an establshed
aligopaoly. The resulis of this analysis are unambigoous given our assuwruptions. o our
rmodel an established oligopcly never under-invests and may aver-invest in entry Jdeter-
rence. In any oligopoly equilibrium where entry is allowed, the profits of incumbents
would be lower f entry were prevented. In this sense incombents do st goader-inves
in entry deterrence. There are situations where imncumbents’ profits are higher allowing
eniry, but the vsigve obigopoly equilibrivm calls for cotry prevention. Hence over
ipvestroent in eniry deteerence s a distoct possibility, To make swatters worss, when
both {ypes of equilibria coexist the profits of each incumbent fivm are higher when entry
is aliowed. Thus incumbents may become trapped i a Pareto dominated arrangement
tin terms of profits) by preventing endey. Even though sotry preventior s costly, if entry
is to be prevented and there is more than one incumbent each incumbent firm wants (o
be the eotry prevester. Given that the Hmit output has te be produced to prevent entry
and that marginal costs are constany, profits of any iscumbent wmorease with investment
up to the limit output. Furthermore rivairy among incumbents diminishes the value of
allowing eotry ta occur, so that entry prevention becomies relatively more attractive 1o
each Brm a3 the namber of tncumbents increases.

The nwdel we develop provides an equilibrium framework for the evaluation of the
welfare effects of changes in the number of incumbents {which could be due to coalition
formation: and in the entry conditions. if the sotry cost is posttive, entry is blockaded
if the number of incumbents is large enough. Total output, and hence consumer surplus.,
is not always monotone nondecreasing in the number of established firms unless we
restrict attention to undominated equilibria (iu teoms of profits). The number of estab-
listied firros may increase and total output may fall because the type of equiibrivin ymay
switch from preventing entry to allowing entry.

These results are robust (o the introduction of (symmetric) product differentintion.
Furthermore, the assumption of a single potential entrant may be generalized to 2 sequence
of potential entrants with little change in the conclusions, provided that demand is Jinsar.”

The plan of the paper is as follows. Seciion 2 characterizes the equilibria of our
noncooperative entry game. Section 3 addresses the public good problem in entry
prevention. The comparative statics of entry deterrence are examined in Section 4 and
concluding remarks follow.

2. ENTRY DETERRENCE AS A NONCOOPERATIVE GAME

(ur objective is to analyse how firms in ap established oligopoly, acting noncooperatively,
respond to incentives for entry prevention. Esndry can be dererred by guarantecing an
entrant a residual demand that vields revenues short of total costs. This means there is
a critical limit output, Y. for the oligopoly. Asny establisbed fm can take the initiative
and prevest entry by making up the difference betwees Y sad the ouiputs of all other
established Brms.
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We modef the market as a two stage game with complete information. At the iitial
stage the incumbent firms make simultaneous and independent production decisions. In
the second stage a potential entrant chooses whether or not to enter and if so what to
produce, taking the incumbents’ cutputs as given. Incumbents are assumed to have
available a mechanism which makes the first stage output level credible for the second
stage when entry may occur, although the mechanism is not specifically addressed in this
model.

We want to exclude from our analysis any industry equilibria that are the consequence
of threats which, if called. would not be enforced. A potential entrant cannot threaten
to enter at an output level which is not a rational choice after entry has occured. We
restrict attention to subgame perfect eguilibria where the potential entrant cannot make
empty threats and the incumbents exercise foresight with respect to the actions of the
potential entrant.

incambent firms helong to a finite set M. (#M = m}, and have a vost function Jor
4 single homogeneous good C{x}=S+ux for x20, iec M where p20 15 a vonstant
marginal cost and S is a sunk cost. There is a single potential entrant with a cost function
C,{x)= F+ px if x >0 and zero otherwise, with F 2 0. F is an entry cost that is avoded
if the firm does not enter.

Let p = P{X) be the inverse demand function, with X total output. We asswme that
P( -} cuts both axes and is twice-continuously diflerentiable, downward sloping, P'<.0,
and concave, P":=0, whenever positive, £{-) is positive on the interval {0, X1, for some
X 0. From now on we ¢ nsider prices net of the constant marginal cost ¢ so that,
without loss of generality, we may set p=20.

The goal of this section is to characterize the equifibria of our game. Ignoring entry
for the moment, let #{.Z) be the optimal output of firm i when the other incumbents
produce a total output of Z Thus r(-) is thus the Cournot best yeply of firm i 1t s
easily seen that r{-) is positive and continuously differentiable with ~1<1r'<0 on
{0. X). If the potential entrant did not have to pay the fixed cost F its best response
function also would be 7(+). Revenue for the potential entrant alonyg r{-) is decreasing
in the output of the established firms X% When N equals a critical level Y, revenue
equals the fixed cost £ and profits are zero. Assuming that the potential entrant cuters
if and only if it can make positive profits. its best respoase function is given by

X% X< Y,
(X% = )
q 0 otherwise.

Let X7, be the total output of incurnbents omitting firm & Incumbent i's profits
ignoring sunk costs and taking into account the optimal response of the potential entrant
are

1 (x. X% )= PIX", #x,+g( X", +x,)1x,

Incumbents choose output levels given outputs of other established firms and the
strategy function of the entrant. The entrant chooses its cutput optimally given any
incurnbent total output, X°. In a subgame perfect egquilibrium (S8.P.E.} incumbent i
produces ¥, with x, in arg max 7.{x. X",), aud the potential entrant uses g{- ). Let $(Z)
be the set of best replies for firm i when the other incumbents produce Z, that is,

H1Z)={xel0, X mix. Zy = miy, Z) forally e {0, X1}

Then {x,),. s is aS.P.E.if x, @ p( X" ) forall i, We derive the properties of & to characterize
the set of equilibria or our game.
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The thick bine represents the profits of firm § as a funation of its own cuput x, given that the other incumhents
produce 3 total output of Z

Consider firm / and let other incwmbeots prodoce 2. Firm { may prevent eniry hy
producing x, = Y —Z, in which case it gets 7" = P(x,+ Z)x, or may aﬂow entry with
x, < Y ~Z and earn wf = Pix,+ Z+rix, +2Zx. Atx, =Y -2, 77[” > #¥. Thus fum s
profit jumps up at x, = Y ~Z. (See Figure 1), We assume that 77 {x, Z) is single peaked
in x, for all Z (A sufficient condition for this (0 be the case is that r{ -} be convex}. Let
s{Z)=argmax =’ (x, Z). the best reply of the firm when ent;y 18 to occur. Given our
awumpuom s{+} 3\ continuously differentiable and —1<¢"<70 on (0, X

Let #5(Zy=nl(s(Z), &), #f is the maximum level of profits for firm i if enrry
occurs given that the other incumbents produce Z Whenever Z+r{Z)2 Y, fiem i
hlockades entry by producing according to its Cournot best response function {that is,
by ignoring the threat of entry). Since { + 7 >0, Z+ r{ 2} is increasing in Z. Hence there
is a unique solution Z{Y) 1o Z+r{Z1= Y (let Zt Y} =y if the solution is not positive}.
W ZzZ(Y) firm i produces r(Z) and cotry daes not occur.

Wh .1{ if Z<Z(Y)? In this case frm § can prevent 2utry by producing Y Z md
earn i, (Z)=a Y ~2Z,Z), or al iow entry by producing s(Z} and carn # (Z}
Z=Zy, @M 2 since w2 > gl at v, = Y~ Z and 12} = Y 2. Now, # «7)

PLYuy- Z} which is linear and downward sloping in £, and in the appendix it i 5 shown
thdt #E{Z Y is strictly convex and downward sloping in Z (see Figare 2). Since 7,12} >
#E(2) tht,rc s a umque intersection where 71 2Z)=7{Z). Let Z{Y) (Z for short)
solve #(7) = #F ([‘s ifthereisa posmve solution and let Z be zero otherwise. Referring
to }*:gure 2, # > 7l for Z<Z 2 Z and 7N < #F for Z< Z. We have thus the best
reply correspondence of firm i given by {see Fxgurc 3

HZy fZzZ(Y) (Blockade entry),
¢(Zy= Y~Z fZ(Y}>ZzZ(Y) {(Prevententry),
s{Z} i Z(Yiz22Z=0 {Allowentry:.

Note that at Z = Z( Y) the firm is indiffererd between allowing and preveating enry
and that s{Z)< Y —Z The best response of firm i jumps up at Z = Z{ Y} where the irm
switches from allowing to preventing entry {see Figure 33, For the case of linear demang,
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FE{ZY is the masimum Jevel of profits for firm ¢ if entry vccurs given that the other incumbents produce 7
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7o (20 s the level of profits firm ¢ gets by producmg } — Z and preventing entry.
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PIGURE 3

Best respense correspondence of firm

P{X}=au-~ X, a>0, the best response functions are st.2)=r{Z)={a —-2Z}/2. That is,
the best response of the firm is the same whether entry is allowed or blockaded in this
case. Simple  computations  yield Z{Y)=max{0,2Y-a} and Z{YV)=
max {0, (2 ~(1+v1a)/ (1 -V} The properties of Z{+) are given in Lemma 1 (se

Figure 4, proof in appendix},

Lemma L. Ler Y, be the fimit owtput a1 which o monopolist o indifferent hetween

allowing vr preventing entry. Then ¥, >0 and Z(-} is zero on {0, Y|} and for Y > Y, it
increases with Y. with slope larger than one, up to X,
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The total cutput of the ather sncumbents which makes fiom ¢ indifferent hetween
p 12
S

Hlowing and preventing satry
as # function of the entvy preventing outpr 3, !

4
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With Lemma 1 and the best response correspondence of firm 4, ¢, we are ready to
characterize the equilibria of the game according to the {evel of the entry preventing
outpuat Y. Three possible types of equilibria emerge depending upon whether the $'s
intersect in the blockade, prevent or allow entry regions. Recall that the slopes of the
Cournot best reply function, r, and of the best reply fuaction with entry, s, are between
~t and ¢ and therefore their respective intersection are unique {see Szidarovsky aund
Yakaowitz {1977). Let x¢ denote the Cournot ourput and x! the equilibrium output with
entry for firm i By symmetry, x, =« and xF =x* forall £ Let X =pxC FX 2 Y
then entry is blockaded at the Cournot equilibrium.

Let Y, be the smallest Y such that the &'s intersect at x*. The limit output Y,
sofves Z(Y)y={m—bix". That is, when all other incumbents produce x" firm ¢ is
inditferent between allowing and preventing entry. Let Y,, be the largest Y such that
the ¢'s intersect on the hyperplane .7, x, = Y'; that is Y, is the largest Y for which o
prevent entry i an equdtbrium. ¥, solves Z{Yi=tm~11Y/m {(see Figure 4). The
largest entry preventing output for which to preveut eotry is an equilibrium requires equal
shares for the incumbents, that is, x,= Y/m for ie M. It follows that Y, > Y, since

7/m>x* and Z(-) is increasing in . Furthermore Y,, > X' since we are considering
Y's larger than X<

Proposition 1.

(Y I/ Y= X', then each incumbent produces its Cournot output x* and the potential
entrant stavs. Incumbents blockade entry by producing at Cournot levels.

Giy If X< Y=Y, thenany {x). aginthe set {xc RS o on =Y, (X )y 5x =
Y — Z, i€ M} and the potential entrant staying vut is an equilibriun. Incumbents
prevent entry hy producing a total output of Y.

(itiy I Y 2 Y, then each incumbent producing x© and the potential entrant producing
rimx” } is an equilibrium. Incumbents allow entry.
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FIGURE §
The intersection of the st -} {unctions is the entry equilibrium. The thick segment represents entry preventing
eqguiltbria.

In summary, when the total Cournot output of the m cstablished firms exceeds the
eatry preventing output Y, entry is blockaded. When Y is larger than the total Cournot
output, but smaller than Y, incumbents prevent entry When Y is larger than Y., entry
is allowed. Inthe intermediate region where Y,, £ Y = Y,, we have both types of equilibria.
When entry is prevented there is typically a cominuum of entry preventing equilibria
with incumbents producing at any point x& R} above the Cournot reaction functions
(-} and below Y — Z an the hyperplane defined by ¥, x, = Y. Figure 5 illustrates both
tvpes of equilibria for an established duopoly.

3. IS ENTRY PREVENTION A PUBLIC GOOD?

imperfect coordination in oligopoly suggests the possibility that entry prevention may be
a public good and hence competing firms may underinvest in entrv-deterring capital
investment (see, e.g. Waldman {1982)). We will show that this intuition is false, at least
for the mode! in this paper. Indeed the opposite problem arises in our oligopoly setting.

Entry deterrence has the characteristics of a public good since if a group of incumbents
prevent entcy by producing an aggregate output at least as large as Y then entry will not
occur whatever action incumbents outside the group might take. Tn this situation alt
incumbents enjoy the same amount of entry prevention and one incumbent’s ““consump-
tion” of entry prevention does not decrease the amount of entry preventiion enjoyed by
other incumbents. The public good analogy for entry prevention suggests that incumbent
firms in & noncooperative oligopoly would tend to underinvest in entry deterrence.
Usnderinvestment in entry prevention would be associated with one or more of the
following.

{a) Tocumbents' total profits are higher preventing than allowing entry. but the
(unique) industry equilibrium allows eatry.

(b} Either entry prevention or entry may be an industry equilibrium, but incumbents’
profits are higher when entry is prevented.

(¢) An established monopoly {or colluding incumbents) prevents entry in more
situations than an established, noncooperating, oligopoly.

Copyright © 2001 All Rights Reserved
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We show in Proposition 2 below that in sone of these respects is there underinvesiment
in entry preveation arud that “too much™ entry prevention definitely can cccur. The hasic
idea 35 simple. Suppose we have two incumbents. Mote that since marginal costs are
constant the best entry preventing equilibriom for firm 1 is the one in which the frm
produces the most (The price is A{Y; and profit is proportional to x,). When V= Y,
and x, = 3", firm 1 is indifierant betveen preventing of allowing satry. ¥ fon 2 produces
more then firm 1 prevents entry and iz worse ofl. If V> Y then firm 1 when preventing
entry produces fess anud the price 1s lower. Therefore profits are lower than in the sotry
equilibriure. We have thus the oppusite siruation thas (b1 when bath entry prevention
and entty may be equilibria, profits when eniry is allowed are larger than when eotry is
prevented for anv firpw

Proposition 2. Lo m 22, rhen:

{3y When Y, 5 Y 5 Y, ontry prevontion and wllowng eniry are both equiifibria but
the profits of each incumbesi firne ure higher when entry 15 alfrwed,

(381 In ofl cases where un exiablished monopoly prevents entry an ohgopoly does 36 100
and there are simiations where an vlignpoly prevesis entry when a monopoly would

affow sniry to ovcur.

Praof. 11} Let V2 Y2 Y, Profits of incurabent ¢ with entry are LY " and
with o entry, when it produces x, P{¥}x, By definition of 3}, when ¥ =Y, both
magnitudes are equal if all the other noumbents produce x* and x, = ¥, ~ (m ~ 1in®
This is the best eotry preventing equilibrivm from the point of view of frm § sinoe it is
thie orie where if produces the most. If firm ;'md'-;c:ex 255 i‘hen i is warse off. When

¥ > 3, at an enfry g)ruvnuno @(;tszizbnwn firem { produces X, 5 Y - 20 Y which is Jess
thart Y, ~Z{Y,.1=Y, —{m~11x" since the s slope of & s iargcs' than oue. Therefors
where ¥ > Y Brin i it an ent ry preveptiog eguilibriurg, g)sm uces Jess thar —fm i
and the price is lower than when Y = Y. We conclude that firm oh 5 ie?: profifs i

a3ty CBIYY proveniing eqvi?ibrizm‘: than at the eniry eguilibriom. profits being equal smij,
wheo Y=Y, and x, = Y, ~{m~iix"

11 Buppos 2 EBtry is not blackaded eltber by a mousopnhist or by an m-firm oligopoly.
That is, V> " sire 2y i favger than the monopoly cuiput for m 22 A mwonopolist
woubd prevert entry o ¥V Tz; Recail that ¥, = ¥} Asn entey prevention ag uiiibr*um
with m-firms exists whenever ¥ £ ¥, aad it is the ssigue equilibrivm whenever ¥ < ¥,
But Y. >}, sioce Y, t8 jocreasing in m Thus whenever o mesmp(zlzst would prevem
entxy the gstablished oligopoly would do en also arsd when YVai Y, Y, the digopoiy

i

woudd prevent entry when a monopoly would not.

Frora iy ot follows that preventing eniry cannut ;yieid highet total profits for
incumbents it any cguilibrium where entry is alle fact for ot oudputes close
to aud emalier than Y,,, mumbmw toral profits wonld be %s;v%vc—r slowing sotry bug the
di’sigaa equﬂ STIUNG © oy ently provestion, wir: aitny ﬁmi ST )mig i with estry. 5t
i syoalisc than ¥, sénce wh n Ve Y, BIX it = POVHY ~tm - 33xty xf i fessthan
Yoo 1t oang demand b dowmvard sloping. T ,Lrnz‘:;a when YE }f,,; total output
1« less and prive iz higher 3t the entry squilibrium, The intuition for this o olear. 8v
sffuwing entry when Y 2 ¥, incumbents cxploit the u‘t;(i{'ﬁ(‘}' of the entrant to hold back

C)
b
L4
£

=
&
\,“g\

Yz
output. foopmbents produse less thaa sbey woubd f solry were prevented and fotal
production is less then the Dot vutpu,

s Regerved
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The results in this section run agaiost the presumption that there is a public good
problem in entry prevention. With a single incumbent entry deterrence is costly and
therefore one could think that with more esiablished firms each incumbent would like
the competitors to carry the burden of preventing entry. Nevertheless, given the marginal
costs are coastant, the profits of each incumbent when entry is prevented increase with
investment up to the limit output and each incumbent wants o be “the entry preventer”.
Furthermore, rivalry amongst incumbent firms reduces the profitability of allowing entry
relative to preventing entey and leads to greater investment in entry deterrence in the
sense that relative to 2 monopoly or perfectly coordinated cartel. the oligopoly will prevent
eotry for targer values of Y.

We have seen that when Y., 3 Y= ¥, there are two tvpes of equilibria, one where
entry is prevented and another where entry is allowed and that the entry equilibriom
dominates in terms of profits those equilibria where entry is prevented. This means that
incumbents may get trapped in a Pareto dominated arrangement preventing entey. On
the other hand if we restrict attention to undominated equilibria then the equilibrium is
unique in tzems of total output for any given Y. I Y is less thau the total Cournot output
of the established firms entry is blockaded. If Y exceeds the Cournot output but is less
than Y., then entry is prevented. Otherwise entry is allowed.

4. COMPARATIVE STATICS

The model developed in the preceding sections provides an equilibrium framework for
the evaluation of the effects of changes in the nursber of incumbents, s, and of changes
in entry conditions on market prices and welfare. The fixed cost of entry, assumed sunk
once incurred, 15 2 measure of the beight of entry barriers. Changes in m may come
about through explicit or implicit coalition formation among incumbents. For example,
two incumbents merge and act as a single unit and therefore the number of “effective”
meumbents decreases by one. We do not discuss here the profitability of such coalition
formation {See the article by Salant et al. {1983y for a discussion of the Cowrnot case.)

Suppose now that Y is fixed. The effect of changes in m in the equilibria of our
model will depend on the induced changes in the critical values Y, and V,,. This suggests
three critical numbers m,, m;, m; (oot necessarily integers) defined implicitly as follows.
X, =Y. Y, =Yand ¥, = Y Thesethree equations have unique solutions m,{ ¥}, i =1,
2,3, since Xy, Y, and Y, are all increasing in m. If the solution of equation i is less
than oune. {2t m1, = 1. Furthermore, m,{ ¥} > my( Y) > m,{ Y) provided that they are larger
than one since we know that X < Y. <Y, for m> . md YV is the lower bound for
the number of incumbents m whose Cournot outputs blockade entry. m.{ Y} is the upper
bound on m for which allowing entry is an equilibrium. »1,{ ¥ is the lower bound on
m for which preventing entry is an equilibrium. Proposition 3 is just a restatement of
Proposition {.

Proposition 3. For fixed Y,

(Y if m>m{(Y), then entry is blockaded ;

() f m(Y)ysEm=m(Y), then preventing entry is an equilibrium :
G} if m= mA{Y), then allowing entry is an equilibrium.

For a sufficiently large nuraber of incumbent firms, entry is blockaded by the Cournot

output. As the number of incumbents decreases, perhaps reflecting the formation of
coalitions, there is a region [m.(Y), m(¥Y)] where incumbents will prevent entry by

Copyright © 2001 All Rights Reserved
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setting the limit output. For ae in [#a0 ¥ my{ )] either preventing or allowing entry
can be an eguilibriurs. For a smaller sumber of incumbents 1o allow entry is the only
equidibrivm.

In the Jinear case with A = Y/a, my = AJtE—A), my={a—1/2}/(3 ~A) and my=
m 1= 1721/ {1++172) {provided all are larger than one). For example, when & = ¢-67
then my=32-3, m, = 88 and m; = 5-6, so that for m 2 33 entry is blockaded for 332 m 9
entry is prevented, for m =S entry is allowed and if » equoals 8, 7, or 8 both types of
equilibria coexist.

Nate that decreasing the number of incumbenis may actuaily decrease the market
price if both the iuitial and the final m are in{ma{ Y}, ma{ ¥ and the squilibrium switches
from allowing entry to preventing eatry. Recall that total cutput with entry, N i fess
than the entry preventing output Y {see Figure &) and therefore the market price with
entry is higher thas with no entry. If we restrict attention to sodorsinated equilibria tin
terms of profits} so that in the interval {m,, m-] 1o allow entry ts the unique equilibrium,
then the market price is monotone sondncreasing in the number of established Srms.

745°
X )
x& 5 [ |
X
2 ) # Fo b A
Yo ¥ % ¥
Figure §

FIGURE 6

Totaf equiithrium ostput as 2 function of the entry precenting owsput ¥ 8 Blocksded, P. Prevent, A, Afiow,
entry

Finally we consider the effect of a change in the imit output, Y, bolding the numher
of incurshents fixed. A change in the Hrut outpumi could result, for example, from @
technological development thar fowers the cost of eutry. An increase in the limit cutpat
from Y to ¥’ would have no effect on price or performance if entry is cither blockaded
or allowed at both values. If entry is prevented at ¥ and Y. the iscresse lowers the
cquilibrium price. But an increass jo the limit cutput mayv cause 3 switeh from an
equilibriwsn where entry is prevented to au equilibriom where entry is allowed. (5Hoc
figare 63, In that case total output is lowered and costs are bigher with entry, since there
is a positive entry cost, and therefore total surplus is lower. Whes jacumbents switch 1o
allowing entry at Y, the lower eotry cost has the perverse effect of reducing economic
performance. In this vase lowering the cost of entry, and thercby wmaking potential
competition a more credible threat, Jeads fo an unambigous deterioration in market
performance,
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5. CONCLUDING REMARKS

We have explored a model where m incumbents face noncooperatively a potential entrant
that must pav a cost F to enter the industry. Given m and F Proposition 1 specifies
whether entry will be blockaded, prevented or allowed, except in a region where there
are two types of equilibria, ove where entry is prevented and another where entry is
allowed.

Despite noncooperative behaviour among incumbent firms, we found no evidence
of underinvestment in entry preverdion. Indeed, the opposite result occurs in some
sitvations: incumbents prevent entry even though their profits wounld be higher if entry
were allowed {see Proposition 2). A main reason why this result obtains is that entry-
preventing investment earns revenues and therefore confers direct henefits on any firm
that invests 1o exclude rivals, With constant marginal costs, if entry is prevented, profits
of an incumbent increase with investment up to the limit ouiput. Thus each incumbent
fiem is better off i it careies the “burden’ of entry prevention. Furthermore, competition
among the incumbents facing potential entry fowers the return to each incumbent from
allowing entry and makes entry prevention look more attractive. These jncentives to be
the entry-preventer can lead to excessive investment in entry prevention. However, if
entry were allowed, incumbents® equilibrium outputs would fall and entrants would held
back output resulting in a market price higher than the limit price. Thus incumbents’
profits with entry can be higher than if entry is prevented while each incumbent firm
«hoaoses to prevent entry.

Note that entry deterrence is still a public good in this moded, yet its supply may be
excessive. Our analysis may suggest the existence of a more general class of noncoopera-
tive games involving the supply of public goods where the free-rider problers need not
arise. Indeed, public goods may be over-supplied, in the sense that the total net valoation
may be negative. This is the case with entry deterrence, where the total benefit from entry
prevention can be negative relative to allowing entry.

Entry prevention may have desirable welfare consequences, s vonsumers benefit
from lower prices and, with constant marginal costs, the avoidance of entry expenditures
is 2 net social gain  Of course there are situations {low limit outputs in region P of Figure
6) where firms {imit price when total output would be higher {and price would be lower)
with entry. This occurs at relatively small limit outputs, corresponding to high costs
assoctated with entry (and for which preventing entry is the unique equilibrium].

In the extreme these results suggest that policies which raise the cost of entry actually
can have desirable welfare conseguences {at least within the narrow focus of our model).
if entry is easy, so that Y= Y, in Figure 6, incumbents would allow entry and total
output would be X[, A tax on entry (or an entry fee) could lower the limit output to a
level Y somewhat below Y, Incumbents would then prevent entry. and total output Y
would be greater (and price lower) than XE.

The analysis could be extended to a symmetric product differentiation demand
structure. if the incumbent firms face a pool of potential entrants a similar analysis may
be carried ont assuming that entry is seguential and that demand is linear. Nonlinear
demand with seguential entry may cause difficulties.”

We have supposed from the start that outputs, once set, were maintained by the
firrns and that market price was the ooe which cleared the market.” We could refine the
analysis and distinguish between capacity and output {as in Duit (1980)). Capacity
would have a constant unit cost; output would bave a constant marginal cost up to
capacity and infinite otherwise. The two stage game would be as before, substituting
output by capacity except that once all capacities were set the profits accruing to each
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firm would be the ones of the Coumot equilibrium resulting from the cost fuactions
{capacities) chosen by the firms. One may conjecture rhar (as in Digit {1980) where he
analyzes the case where m = 1) there will not be excess capacity in equilibrium (§.P.E.}
since capacity is costly and excess capacity does not deter entry: potential entrants ignore
capacities that are not going to be used fufly (i.c. capacities that are not credible). Although
there will be no excess capacity in equilibrium, cur reformmlated game does not reduce

to the original game since now firms bave Lo worry not only about the profitability of

deterring entry but also about the feasibifity of doing so. There are going to he situstions
where it would be profitable t¢ keep an entrant out but it is not possible t¢ do so because
the cuiput needed to prevent entry cannot be induced in Covrnot equilibrium by any
capacity choice of the incumbents. The characterization of equilibria turns out to be
complex, due to the feasibility {or credibility) constraint, bui one thing is certain:
incumbents will have a harder time preventing entry than suaggested by our model.

APPENDIX

1.oLet Ploybe C°, PP <0 and PP =0 an t0. X). We show that 7 is TGRS S}
and that the maximum profits of fon § decrease with the output of the other firrs.

Firm i's profit wheo other incumbents produce £ is wix, Zi= P{x,+ 2y, #{Z)
solves P{x,+ Z3+Ptx, +Z)=0 and therefore r'= (8 + £ P"/ (2P + P Now
dnlr{Z}, 23/ dZ equals 89,/67 {using the fust-ordee conddition F.O.C). gw/ad = x P,
which is negative,

2. Assume furthermore that rrfA(:s}, 23 is single peaked i1 o, for all & then s is ¢,
~t< s Gand #(Z) (= w802, Z)) is decreasing and strictly convex in £
SIZ% solves Pia o+ Zve x (140 (x, + Z 3 P{x.+ 2= 0. Theiefore
(B2 0P 1+ r I P+ By
(3P HP A4 v P+ o B o+ eV P

aud ~1< 3" < 0 since by single peakedness the denominatar is negative. Now, #7{Z}=
PUZ o+ siZy+ {2+ (2 s(Z) and d#/dZ = {1+ r}P . which equals - P using the
F.O.C. Therefore d %) /dZ” = {1 + WU+ ¢} P, which is positive simee 1+ and 1+ 7
are positive and P is gegative.

3 Praof of Lemma 1. £(Y) i5 zero at least for Y7s less than the raonapoly output of

i, x™ since in this case Z{Yi=0and 732 2 ¥, is larger than ™. Z{X) = X since
P{X} =0 and according to the definition of the functicn Z(- 1. Now Z solves P{YH Y ~
Zr-#01Z)y=0. Therefore dZ/dY =~ (PYHY 23+ PIYAPIXE 1 - PLY)) since
dv?,[/ d7 = —PX Py where XY = Z + {2+ r(F + s{Z}). The numerator is negative sirwe
it is the marginal profit at the entry preventing output and the denominator is pasitive
since P{X "} POY). (At Z weknow that POY XY ~Z)}=PIX " )s(Z1and Y = Z < (2},
therefore P{Y) < PLX %)) Furthermore —PEYH Y — 21> PUCE) ddace we know that
PIX 5y ~st ZyP{X W1+ rand =P Y > —P{N* ) (demand is concave and ¥ > X7F ),
Y -Z>=stZyand 1 >1+ 0. Therefore dZ/dY 1. |

Frrst version recewed Febraary 1984, final version aveepted June 1955 { Fds)

We are prateful br anonymous refersas for helpfuf comments.
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NOTES

1. Several papers have examined incentives {o1 entry detesrence in ohigopolistic situations. Examples of
spatial competition and product differentiation are Prescott and Visscher (1977). Schimalensee {1978) and Judd
{19831, Nt apd Shubik {19811 analyze simultaneous move games of entry with mixed sustegies, while Bernheim
{1984 considers seguential entry.

2. See Vives {1985} for an analysis of sequential entry.

2, Alernatively nne could think of the decision variables of the firms as capacities, with ensuing
noastrategic price competition which makes the marcket clearing price {where supplv meets demand) prevail
freps and Schamnkman (1983) show in 2 two-stage duopoly game { with a pasticular rationing tule of umsatistied
demand) that competiton 19 capacities followed by strategic price competition ywelds Cournot outcowes, that
13, the market outcome is as if firms competed in guantitics  Vives 11983} considers a mode! where firms choose
vapacities (corresponding o the effivient scale of operation? ficst and then a market clearing stage follows
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