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Abstract

The paper explores the role of R&D investments reducing fixed production costs in entry deterrence. An incumbent
monopolist performs R&D to reduce its fixed production costs. There is a potential entrant, which can also perform R&D
for the same purpose. There are bidirectional technological spillovers between the incumbent and the potential entrant. It
is shown that deterrence, which takes the form of underinvestment in R&D by the incumbent, is more likely when the spillover
from the incumbent to the potential entrant is high, when the spillover from the potential entrant to the incumbent is low, and
when the fixed cost is intermediate. The comparative statics of the model depend heavily on which of two cases obtains: the
first case is when separation between deterrence and accommodation is dictated by the relative profitability of these
strategies; the second case is when separation between these two strategies is dictated by the positivity of R&D investments.
The role of two policy tools, R&D subsidies and intellectual property protection, is examined. R&D subsidies, while they
generally facilitate entry, move R&D investments in socially undesirable directions, except when accommodation is the
equilibrium with and without the subsidy. As for intellectual property rights, they have no effect on R&D investments (except
under deterrence) and tend to reduce entry.

Keywords: Entry deterrence, Fixed costs, R&D, R&D spillovers
JEL classification: D42, L12, 033

Résumé

Le papier examine le réle des investissements en R&D réduisant les codits fixes de production dans la dissuasion de I’entrée.
Un monopoleur établi investit dans la R&D afin de réduire ses codts fixes de production. Un entrant potentiel peut investir
en R&D pour la méme fin. Il existe des externalités technologiques bidirectionnelles entre la firme établie et I’entrant
potentiel. Il est démontré que la dissuasion de I’entrée, qui prend la forme d’un sous-investissement en R&D par la firme
établie, est plus probable lorsque I’externalité de la firme établie vers I’entrant potentiel est élevée, lorsque I’externalité de
I’entrant potentiel vers la firme établie est faible, et lorsque le colt fixe est intermédiaire. La statique comparative du modéle
dépend duquel des deux cas suivants est observé: le premier cas est lorsque la séparation entre la dissuasion et
I’accommodation est déterminée par la profitabilité relative de ces stratégies; le deuxiéme cas est lorsque la séparation entre
ces deux stratégies est déterminée par la contrainte de non négativité des investissements en R&D. Le role de deux
instruments de politique économique, les subventions a la R&D et la protection de la propriété intellectuelle, est examiné
a la lumiere des résultats. Les subventions, tout en facilitant I’entrée en général, affectent les investissements en R&D dans
des directions socialement indésirables, sauf lorsque I’accommodation est I’équilibre avec et sans les subventions. Quant
a la protection de la propriété intellectuelle, elle n’a pas d’effet sur les investissements en R&D (sauf en cas de dissuasion)
et tend & réduire I’entrée.

Mots clés: Dissuasion de I’entrée, Colts fixes, R&D, Externalités technologiques
Classification JEL: D42, L12, 033



1. Introduction

R&D is used by firms to introduce new products and reduce different types of costs, such
asfixed and variable costs. Y et, the cost reducing R&D literature has focussed on R& D aiming at
reducing variable production costs, neglecting theimpact of R& D onfixed costs. But technol ogical
improvements can be used to reduce fixed costs as well. For example, a firm may find a way of
running itsoperationsusing apersonal computer rather amini or asuper computer. Or it may invent
a device which alows it to reduce the space required for production (smaller machines), which
would reduce the fixed capital costs of production. These advances may be copied -in part or
completely- by other firms, which would allow them to reduce their fixed production costs as well.
Those other firms may be actual competitors, but may also be potential entrants to the industry.
Hence R& D investments affecting fixed production costs can affect the profitability of entry. The
entry deterrence literature,* while it has analysed in length the effect of fixed costs on entry and
deterrence, hastypically treated those costs as exogenous. Y et, the possibility of performing R&D
to reduce fixed production costs makes those costs endogenous. This creates a problem of entry
deterrence in the presence of endogenous fixed costs.?

This paper explores the role of R& D investments reducing fixed production costs in entry
deterrence in the presence of technological spillovers. Anincumbent monopolist performs R&D to
reduce itsfixed production costs. Thereisapotential entrant, which can also perform R&D for the
same purpose. There are bidirectional technologica spillovers between the incumbent and the
potential entrant. A classical blocking/deterrence/accommodation continuum arises, with the
equilibrium outcome depending on fixed costs. The only way of deterring entry in thismodel isfor
the incumbent to underinvest in R&D. It will be shown that deterrence is more likely to constitute
an equilibrium when the spillover from the incumbent to the potential entrant is high, when the
spillover from the potential entrant to the incumbent is low, and, as expected, when the fixed cost
isintermediate.

In contrast to the standard entry deterrence model, heretwo caseshaveto be considered. The
first caseiswhen the separation between deterrence and accommodation is dictated by therelative
profitability of these strategies. The second caseiswhen the separation between these two strategies
is dictated by the positivity of R&D investments. In that second case, the firm switches from
deterrence to accommodation (as the initial fixed production cost declines, say) not because it

prefersto do so, but because deterrence is no longer feasible, as it would require a negative R& D

"Much of it buildi ng on the models of Spence (1977) and Dixit (1980).
2Thi sconcept should not be confused with theliterature on endogenousfixed costs (Sutton, 1991), wherefixed costs
aretypically R&D or advertising costs.



investment. The comparative statics of the model (in particular, the effect of parameters on
deterrence and accommodation) depend heavily on the environment in which thefirm operates (case
1 or case 2). For instance, in case 1 an increase in the cost of R& D increases deterrence, whilein
case two it reduces deterrence.

Therole of two important policy tools, R& D subsidies and intellectual property protection,
is examined. R&D subsidies, while they generally facilitate entry, move R&D investments in
socialy undesirable directions (inducing overinvestment in R& D under blocking, or accentuating
underinvestment under deterrence), except when accommodationisthe equilibriumwith and without
the subsidy. Asfor intellectual property rights, they are mostly counterproductive: stronger patent
protection/intellectual property rights(lower spillovers) haveno effect on R& D investments (except
under deterrence) and tend to reduce entry.

The paper isrelated to the large literature on cost-reducing R& D with spillovers (starting
with d’ Aspremont and Jacquemin, 1988). However, much of this literature has dealt with cost
reductionsaimed at variable production costs, rather than fixed costs. Moreover, the market structure
in thisliterature istypically given, ignoring the effect of R& D on entry deterrence.

The paper is adso related to the very large literature on entry deterrence (Arvan, 1986, for
example). Inmost of thisliterature, thefixed production cost isexogenous, whereasit isendogenous
in the present work. Peretto (1999) constructs a model with R& D investments and free entry, and
focuses on the interaction between market structure and growth. However, in hismodel firmstake
entry as given and entrants take R&D as given, hence there is no strategic behaviour, and R&D
investments are not used to deter or facilitate entry. Moreover, R& D investments are not aimed at
reducing fixed production costs.

Of particular relevanceto the current work isthe segment of theliterature which hasallowed
firms some degree of control over their fixed costs. In aCournot setting, Neuman et al. (2001) study
the tradeoff between fixed and marginal costs. However, thistradeoff isimposed exogenously, and
isnot theresult of R& D investments. They analyse the impact of vertical and horizontal growthin
demand on concentration. In the same spirit, Hegji (2001) analyses the tradeoff between fixed and
marginal costs, wherelower marginal costsrequirehigher fixed costs. While heanaysesthe optimal
investment in fixed costs under blocked and free entry, he does not consider entry deterrence by
incumbents. Moreover, hedoesnot allow for technol ogical externalities. Inhismodel firmsbasically
choose a point on the technological frontier, while in the current paper this technological frontier
can shift through R&D.

Olczak (2005) studies entry deterrence in a context where one or two firms can raise the



fixed costsindustry-wide (through regulation or law suits, for example). He shows that raising the
fixed cost isan equilibrium strategy when one of thefirmsisafirst-mover in the product market (or
believesitis), or when only one of the firms can rai se the common fixed cost. However, the amount
by which the fixed cost increasesis exogenous, and raising the fixed cost is done without incurring
any other cost.

Mantena and Sundararajan (2005) model the endogenous choice of product scope by firms
facing a bilateral threat of entry in a symmetric oligopoly. The effect on the entrant’s fixed cost
comes from product scope, where alarger product scope resultsin higher fixed costs. They derive
an equilibrium where a larger product scope is chosen and entry is deterred, as well as an
equilibriumwhereamorelimited product scopeisimplemented and entry isaccommodated.® While
Mantena and Sundararajan focus on product scope as an instrument of raising fixed costs and
deterring entry, the model used here is applicable to any technological strategy which aims at
keeping fixed costshigh, and allowsfor incorporating the effects of technol ogical spilloversbetween
incumbents and potential entrants. Moreover, intheir model the positive effect of product scope on
fixed costs is imposed exogenously, making the model less applicable to contexts where this
relationship is not so obvious, or to other forms of behavioursaiming at raising fixed costs. Ashiya
(2002) analyses entry deterrence when the incumbent and the potential entrant choose the quality
of their product, and where the fixed cost depends on the quality chosen. He shows that in
equilibrium each firm chooses to produce at most one quality, and quality choice depends on the
fixed cost, and can affect the entry decision.

Yet, in most of this work, the interaction between R&D, fixed costs and entry has been
overlooked. The role of R&D as an important -potentially fixed- cost which can act asabarrier to
entry has been extensively studied, although the focus has not always been on entry. However, the
role of R&D in reducing the general fixed costs of the firm has not been explored. Moreover, in the
literature, even when the incumbent had some | atitude as to the choice of its fixed cost* (such asin
Arvan, 1986, or Hegji, 2001), the effect on the entry decision is through the impact on the
incumbent’ s variable production costs, rather than through the incumbent’s or the entrant’s fixed
cost of production.

The next section presents the model and analyses the strategic behaviour of the incumbent.

Section 3 presentsthe comparative statics of the model. Therole of spilloversisexplicitly analysed

*Thenotion that a higher product scope deters entry is also explored in the literature on technological flexibility;
see Jacques (2003) for asurvey.
hrough capacity choice, for example.



in section 4. The last section concludes.

2. The model

A monopolist incumbent produces agood using atechnology which involves both variable
and fixed costsof production. If thefirm remainsamonopolist, the difference between revenuesand
variable costsyields monopoly profits z™. In addition, thefirmincursthefixed cost F. Thefirm can
invest in R&D to reduce this fixed cost.” If the firm spends yx?/2, it obtains a cost reduction of x;.
The subscript i refers to the incumbent, ¥ is a cost parameter, and the convex R&D cost function
reflects decreasing returnsto scalein R&D.

Thereis apotential entrant that could enter the market before product market competition
takesplace. If entry occurs, each firm obtainsadifference between revenuesand variable costsequal
to 7%, with z™>7%>0. If it enters, the entrant must incur a sunk entry cost of S. And to produce, it
must incur the fixed production cost, F. However, the entrant can aso invest yx/2 in R&D to
reduce this fixed cost by x,. Sisassumed to be small enough so as not to make entry unprofitable:
>S

R&D is assumed to be complementary, hence firms follow different means to reduce their
fixed costs. Thisimpliesthat firms can learn from each other’ sR&D. R&D is subject to imperfect
appropriability: the R& D investment of each firm produces R& D spilloverswhich benefit the other
firm. Let 8e(0,1] represent the outgoing spillover from theincumbent to the potential entrant,® and
let B.e[0,1] be the spillover from the entrant to the incumbent. All R&D investments are made
before product market competition takes place. The market is assumed to be always profitable for
at least one firm in the absence of entry and R&D: »™>F.’

If no entry occurs, the profits of the incumbent are given by

ﬂ.m_(F_Xi)_%Xiz (1)

If entry occurs, the profits of the incumbent and the entrant are

e _(F_Xi _ﬂexe)_%xiz (2)

SWhile part of the fixed cost of a firm may be untouched by R&D, some part of it may be reduced through
technologgcal progress.
Note that if =0, deterrence is not possible: entry is either blocked or accommodated.
"It is assumed that the incumbent cannot use other strategies to affect the entry decision, such as excess capacity,
advertising, or committing to charging alow price. The goal from this assumption isto focus on R&D as an instrument of
entry deterrence.



- (F-%- AX)-5%-S (3

If no entry occurs, the incumbent makes higher operational profits, but does not benefit from the
R&D investment of the potential entrant (if entry does not occur, the potential entrant operatesin
another market, and hence does not provide any benefits to the incumbent). If entry occurs, the
incumbent makes lower operational profits, but benefits through spillovers from the R&D
investment of the potential entrant. Therelative profits of the incumbent between the two scenarios
will also be affected by the fact that the threat of entry will affect its choice of R& D investment. By
investing in R&D, the incumbent reduces its fixed cost, but, by reducing the fixed costs of the
potential entrant, may facilitate its entry. Hence, the incumbent may want to use its R& D to affect
the entry decision. This entry deterrence comes at the cost of a suboptimal R&D investment,
however. The incumbent will follow this strategy if the gains from deterring entry dominate the
losses from deviating from the optimal R& D investment (and if entry deterrenceisfeasible, which,
aswe will seg, is not always the case).
In the absence of a threat of entry, or when entry is inevitable, the profit-maximizing

investment in R&D of the incumbent is given by
X = 1 (4)

4
In these cases the incumbent simply equates the marginal gain from investment with the marginal
cost of R&D. And if entry occurs, the entrant chooses the same R& D investment:

1
X = =
4

e

(5)

These are the privately optimal investments. When there is no entry, (4) also gives the
socialy optimal investment, since al the benefits from R& D are appropriated by the monopolist.
Contrarily to R&D affecting variable costs, which affects consumer surplus and the variable costs
of competitors (through spillovers), thereisno systematic underinvestment in R& D affecting fixed
costs. If entry isnot an issue, a monopolist invests the socially optima amount on R& D, because
it appropriates all the benefits of R&D. When, however, entry has occurred, both firms arein fact
underinvesting in R& D, since the socially optimal investments are given by

1+ 8 1+ 4, (6)

X = 1X:

1 e

/4 /4

Theextent of underinvestment in R& D increaseswith spillovers. Intheabsenceof spillovers
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investments are socially optimal, but any firm producing spilloversisunderinvestingin R&D. This
iseven though R& D here, for agiven market structure, does not affect the competitive positions of
firms. But underinvestment is still present because of the imperfect appropriability of R&D. Inthe
presence of athreat of entry, underinvestment may occur when investing the optimal amount of
R&D isnot profitable because it facilitates entry.

To avoid an uninteresting corner solution, F is assumed to be high enough so that even if
both firmsinvested the privately optimal amount in R& D, and spillovers were perfect, fixed costs
would not become negative, that is, F>2/y.

The game hasfour stages. In thefirst stage, the incumbent investsin R& D; thisinvestment
is publicly observable. In the second stage, the entrant decides whether to enter or not, and
implements its decision. In the third stage, the entrant, if it has entered, investsin R&D. In the last
stage, production and sales take place.

2.1 Strategic behaviour

We now consider the incentives for entry and entry deterrence. Entry isblocked if it is not
profitableto the entrant, without the incumbent engaging in any strategic behaviour. Inthiscase, the
incumbent chooses (4) as R& D investment. Substituting thislevel of investment into (2) yieldsthe
profits of the incumbent when entry is blocked:
t=x"-F+ 1 (7

2y
Firmswill beinthissituation if, given this choice of R& D by theincumbent, the entrant would find
it unprofitableto enter, even whenit reducesitsfixed cost by investing the privately optimal amount
in R&D, given by (5). Substituting (4) and (5) into (3) yields the condition for blocking:
1+ 24
2y

=" -F+ S<0 (8)
Solving for F yields the minimal value of F allowing blocking:

1+ 2
Fog = 2}/'8' +7°-S 9)

where the subscript DB indicates that this critical value of F will in fact separate deterrence from
blocking.
If F<Fpg, entry isnot blocked, and the entrant would find it profitableto enter, given that the

incumbent isinvesting x=1/y. The only way the incumbent can affect the entry decision isthrough



its R&D investment. Given that the incumbent’ s R& D benefits the entrant through £, the strategy
to follow is obviously to underinvest in R&D relative to the case where entry was blocked. Given
that underinvestment in R& D iscostly to theincumbent, it will choose the highest R& D investment
which does not exceed 1/ y and which makes entry unprofitable.

Let x? represent the R& D investment of the incumbent under entry deterrence. The profits
of the entrant if it enters (and invests the privately optimal amount of R& D) would then be

1
-9 F+— D_
=T + 2}/+ GXx° - S (10)

Solving for x; yields the entry deterring level of R& D investment by the incumbent:
N F+S—7zd_ 1

' B 2By

(11)

When the incumbent chooses this level of R& D, entry does not occur, and it acts as a monopolist.
However, thismonopoly positionisachieved at the cost of asuboptimal R& D investment, and hence
afixed production cost which isnot “optimal”. X decreases with 4, because ahigher 4 meansthat
the potential entrant benefits more from the incumbent’s R& D, so to make entry unprofitable the
incumbent has to depress its R&D further. There is a fundamental asymmetry between the
incumbent and the potential entrant, in that the incumbent can underinvest to deter entry, but the
potential entrant cannot manipulate its R& D investment to avoid being deterred.

When x2>0, 7°<F+S the potential entrant needs R& D to make entry profitable. In fact, for
entry deterrence to work, 7 has to be sufficiently lower than F+S (to compensate for the second
term of (11), which isnegative), so that x,by itself is not sufficient, the entrant a so needsto benefit
from the incumbent’s R& D through 4.

Notealsothat 9x°/0 >0. Thisissofor strategic reasons: asthecost of R& D increases, x,=1/ y
decreases(if theentrant wereto enter), making entry less profitablefor theentrant. Hence deterrence
iseasier, and can be achieved with a smaller distortion in R& D by theincumbent, i.e., alarger x5.

Substituting X° into (1) yields deterrence profits:®
48 - [2y(F+ S-z%)- 1]

z° =" - F+[2y(F+S-z%)-1
84°y

(12)

Deterrence profits decrease with 3:

8 represents duopoly profits of any firm, while 7 represents the deterrence profits of the incumbent.
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om”  (y(F+S-7')-1)° _2y(F+S- %) -1)
N 438y 2By

(13)

This derivative is negative iff
2y(F+ S-7°) - 1< 1
2By

(14)

whichistrue becausethel.h.s. isnothing but x? and ther.h.s. is R& D output when entry is blocked
(or accommodated), and x?<1/ y. Deterrence profits decrease with 4 because a higher 5 increases
the distortion in R& D investment necessary to deter entry.

Moreover, deterrence profitsfirst increase then decrease with the cost of R&D. Thisismost
easily seen graphicaly (figure 1). They first increase with y because a higher y makes deterrence
easier by inducing areduction in x,, which allows the incumbent to raise X7, deterring entry with a
lower distortion in R& D investment. However, as y increases further, the negative effect on 77 of
more costly R& D, along with the increase in X, come to dominate, and 77 declines with .

If theincumbent accommodates entry, thereisno reason to distort R& D investments, hence
the R& D output of each firm will be 1/y. Accommodation profits are given by

1+ 2
A d F‘l‘ ﬂe

2y (15

Notethat d 7%/0,6,>0, because theincumbent benefits more from the R& D investment of the entrant.
Theincumbent will prefer deterrence to accommodation when > 7%, From (12) and (15),

thisistrue when

| 05+ A1~ WAy - 7°) - B)
¥

(16)

F>Fy,=7°-S

Because ox°/F>0, avery low value of F means asignificant distortion in R& D investment, making
deterrence too costly.

However, for deterrence to arise in the interval Fe[F ,,,Fpg], deterrence must be feasible.
That is, for the comparison between 7% and 77 to be relevant, it must be that x?>0 in the
neighbourhood of F 5. Setting x>0 and solving for F from (11) yields

1
F>Fxs7rd—S+2—7 17)

X?>0iff F>F,. Hence, it does not make senseto talk about deterrenceinaregion where F<F,,



since deterrence would then require anegative R& D investment. In such aregion, evenif 77> 7 (so
that F>F ), deterrence is not feasible, and the only possible choice is accommodation.

Therelative levels of F,, and F, determine which of the two is relevant for the separation
between deterrence and accommodation. It isalways max{ F,,F.} whichisrelevant for thischoice.
Ononehand, when F,,>F,, thefirmwill switch from deterrence to accommodation at apoint where
7> 2 and x?>0; that is, deterrenceisstill feasible, but the firm prefersto switch to accommodation,
because deterrence has become too costly. When, on the other hand, F,,<F,, the firm will switch
from deterrence to accommodation at apoint where 7°> 74 but x?=0: it isimpossibleto reduce R& D
further to deter entry, hence accommodation is the equilibrium.

Moreover, there are parameter values such that F,, 2 F,. To seethat,

e ok szzrmy - 7%)- B] 18)

X

There exist parameter values that make this difference positive or negative. F,, ismorelikely to be
larger when 7 and S, arelarge, and when 7™ and y are small. Large valuesof #* and £, increasethe
relative benefits of accommodation, making 77 and 7% cross at alarger value of F. A small value
of 7™ has the opposite effect of 7. Above it was noted that 0x?/0 y>0, hence a small value of y
makesx® approach zero for higher valuesof F, i.e., y reducesF,. But y also reducesF 5, and it tends
to reduce it faster than it reduces F,, especially for higher values of y.

Figure2illustratesthetwo possible cases. Infigure 2a, F ,,>F,, implying that F, isirrelevant
for the choice between deterrence and accommodation, because as F declines, the firm will prefer
to accommodate even though deterrenceisstill feasible. In figure 2b, however, F,; isirrelevant for
the choice between deterrence and accommodation, meaning that the comparison between 7% and
77 isirrelevant. In this case, as F declines, the firm will choose to accommodate when deterrence
isno longer feasible, i.e., when x?<0. In fact, in the range Fe(F ,5,F,) in figure 2b, 77> 7%, but the
firm chooses accommodation, because x°<0.

While both scenarios entail that { accommodation, deterrence, blocking} occurs for {low,
intermediate, high} valuesof F, they imply sometimesradically different comparative statics, asis
shown in the next section.

Figure 3 shows the relationship between the profits of the incumbent and F in the case
corresponding to Figure 23, i.e., when F,,>F,, while figure 4 shows the equivalent in the case of
figure 2b. In both cases profits decline with F in the accommodation and blocking phases, but

increase with it for most of the deterrence phase, because ahigher F makes deterrence easier (given



that entry is deterred). The difference between the two figures liesin the discontinuity in profitsin
figure4 between the accommodation and deterrence phases. For valuesof F closeto, but lower, than
F.,, the firm prefers deterrence, but deterrence is not feasible. As soon as F reaches F,, deterrence
becomes feasible, and profits “jump” to 7°. In figure 3, however, at the separation between the
accommodation and deterrence phases, the firm is just indifferent between accommodation and
deterrence, hence the two curves cross.

Proposition 1 summarizes the strategic behaviour of the incumbent.

Proposition 1.

-When F>F g, entry is blocked and x=1/y;

-when max{ F»,,F,} <F<Fpg, the incumbent deters entry by investing xX°<1/;
-when F,,>F>F,, entry is accommodated because 7> 7". Moreover, x=1/y;
-when F,,<F<F,, entry is accommodated because x7<0. Moreover, x=1/y;
with Fpg, Fp, F,, and x? given by (9), (16), (17) and (11).

Proof. Section2.1. &

3. Comparative statics
We can now analyse how changes in the environment will affect the strategic behaviour of

the incumbent and hence the equilibrium outcome. Consider first the effect of 4.

Proposition 2. Anincreasein B reduces blocking and increases deterrence. In addition:

- if Fp<F,, it has no effect on accommodation;

- if F5p>F,, it increases accommodation.

Proof. It isobviousfrom (9) that oF /08>0, hence B aways reduces blocking. And from (16) we
know that oF ,,/0 3 >0 when F .,>F, (inthisand all following proofs, only the highest of F, and F,,
isrelevant). Note that the term

1- p2Ay(z" - 7°) - B] (19)

which multiplies £ in (16) is positive when F,,>F, by virtue of (18).

And F, does not depend on S.

Hence, when F,,<F,, Fg shiftsto the right, implying that there is less blocking, more deterrence,
and no change in accommodation.

When F,,>F,, both Fy; and F,, shift to the right. This increases accommodation and reduces

10



blocking. To determine the net effect on deterrence, we take the difference

&(FDB_ FAD) \/2[7(7Z'm_ ”d)_ﬂe]
= >
N Y
Hence Fg shifts to the right more than F,5, and deterrence increases. B

0 (20)

Theincreasein £ increases the benefit to the potential entrant from the R& D investment of
theincumbent, and reducesthe extent of blocking. When F ,,<F,, the separation between deterrence
and accommodeation is determined by the constraint x?>0. From (17) we know that F, does not
depend on B, because the positivity of x° does not depend on 4. Hence in this case F, does not
move, and thereisno effect on accommodation. However, because F; has shifted to theright, there
isnow more deterrence. Thisincreasein deterrenceis achieved at the cost of adecreasein x? (from
(11) we know that 0x5/03 <0), because a higher 4 means that the potential entrant benefits more
from the incumbent’s R& D, so to make entry unprofitable the incumbent has to depress its R&D
further.

When F,,>F,, the separation between deterrence and accommodation is determined by
whether 7% 2 7°. The increase in # makes deterrence more costly, hence the firm chooses to
accommodate more often, and F,, shifts to the right. Given that oF,/04 >0F ,,/03, the inverse
function rule implies that

o d(r-mP)
I, I

_ S 21
e 7 T a(ah-P) &
oF Tk

Giventhat, by the envel ope theorem, at the optimum the impact of F on all profit levelsisthe same,
this inequality means that Fyg shifts more than F,, because the quantitative impact of 4 on the
potential entrant’s profits is larger than its effect on the difference between accommodation and
deterrence profits.

Consider next the consequences of an increase in the potential entrant’s spillover.

Proposition 3. Anincreasein g, has no effect on blocking. In addition:

- if Fpp<F,, it has no effect on deterrence or accommodation;

-if Fop>F,, it reduces deterrence and increases accommodation.

Proof. £, does not affect Fy, and hence has no effect on blocking. Moreover, £, does not affect F,,

and hencewhen F,,<F,, it hasno effect on deterrence or accommodation either. However, itisclear

11



from (16) that oF ,,/03. >0, hence when F,,>F,, the increase in £, shifts F,, to the right, reducing

deterrence and increasing accommodation. l

Theincreasein 4, has no effect on blocking because it only affects the extent to which the
incumbent benefitsfrom x,. When F ,<F,, F, isrelevant, but 5, does not affect F,, hencethereisno
effect either on deterrence or accommodation. In this case the spillover of the potential entrant is
totally irrelevant to the entry/deterrence decisions.

When F,>F,, a F, theincumbent isindifferent between accommodation and deterrence.
Theincrease in S, increases the benefit of the incumbent from the potential entrant’s technology,
hence the incumbent decides to accommodate more often, and F,, shifts to the right.

The following proposition describes the effect of an increase in the cost of R&D.

Proposition 4. Anincreasein y increases blocking and reduces accommodation. In addition:
- if Fp<F,, it reduces deterrence;
- if Fop>F,, it increases deterrence.

Proof. It is clear from (9) and (17) that oF /0 y<0 and JF,/d ¥<0. And

Fro AN 28)- W 2By -2,

Iy 272\ y(z" - 7°) - B,

To sign this expression, we need to sign its numerator. Let
k= \/}/(ﬂ'm -7 - B (23)
The numerator of (22) can then be rewritten as

V2B81K? - B]- (1+ 28)k (24)

A sufficient condition for (24) to be negative is

V28K? - 28k < 0 (25)

which requires k<./2 . But from (18) we know that when F,,>F, (this makes F,, relevant),
k<1/4/2 , which is sufficient to guarantee the negativity of (25), hence 9F ,,/3 y<O.

Theseresultsimply that in all casesthereismore blocking and |essaccommodation. Also, therange
of F where deterrence occurs has shifted to the left. To know if this range has increased or
decreased, we need to ook at the extent of the shift inthecritical valuesof F. Consider first the case

where F,,<F,. In this case,
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&(FDB - Fx) _ ﬁ
Ty 7S 0 (26)

hence Fpg shifts more than F,, and there is less deterrence.
When F,,>F,,

AFog - Fup) _ y(z" - ”d)_ 283, 7
o - 0

This expression is positive iff the numerator is negative, which requires
y(z" - 7")-28,<0 (28)

We know from (18) that when F,,>F,,

1
ﬁe>}/(7[m_ﬂ'd)_§ (29)

Wereplace £, in (28) by ther.h.s. of (29), which preservesthe sign of (28). Equation (28) becomes
y(7™- 7%)>1, which is true because the maximum value of £, is 1, hence we know that (7™ 7> 1.

Thereforethe numerator of (27) isnegative, F , shiftsmorethan Fyg, and thereismoredeterrence.ll

The increase in the cost of R& D reduces the privately optimal R& D investments given by
(4) and (5). Astheincumbent reducesits R& D, the benefit flowing to the potential entrant from the
incumbent’ s R& D decreases. In addition, the cost of R&D of the potential entrant increases. These
two factors combine to block entry more often.

When y increases, F, shiftsto theleft, reflecting the fact that 9x?/0 y>0. As y increases, the
constraint onthe nonnegativity of x? isrelaxed, F, shiftsto theleft, and thereislessaccommodeation.
And even though both Fpg and F, shift to the left, the shift in Fyg is more important, implying that
the extent of deterrenceisreduced, eventhough it now occursfor lower valuesof F. Thereason why
Fpg shifts more than F, can be understood by looking a how they vary with y. By the envelope

theorem

0—)7Z'e(X;) _ O—FDB O—XA Xe2

wherex,=1/y. Thefirst term on ther.h.s. of (30) representsthelossto the potentia entrant from the
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declinein R& D by the incumbent.® The second term represents the effect of theincreasein the cost

of R&D on the potential entrant’s profit if it were to enter. Whereas

F, R
== (31)

Theeffect of thechangein x? onthe potential entrant’ sprofit doesnot affect the condition that x°>0,
hencetheshiftin Fygislarger (thantheshiftinF,), becauseit incorporatesthat effect. Thisexplains
why deterrence declines following an increase in y when F, is relevant.

When F,,>F,, the tradeoff between 7% and 77 shiftstoward 77 when y increases, because
X, has declined, and the incumbent can afford to deter entry while reducing the distortioninitsown
R&D, that is, increasing X°. Hence thereisless accommodation. Moreover, the shiftin F; islarger
than the shift in Fyg, the net effect is to increase deterrence, even though it now occurs for lower

values of F. By the inverse function rule, |0F /0 y|>|0Fpg/0y| means that

A(n-m°) ore
dy dy
- > |- 32
I(z-xP) > " ne %
oF oF

Given that at the optimum the impact of F on al profit levelsisthe same, thisinequality means that
F.o shifts more than Fog because the quantitative impact of y on the (absolute value of) the
difference between accommaodation and deterrence profitsislarger than itsimpact on the potential
entrant’s profits.

Hence, in thiscasetheincreasein the cost of R& D hasthe paradoxical effects of increasing
the R& D of the incumbent and increasing deterrence. The net effect on the extent of deterrence can
be positive or negative, depending on whether F,,F,.

The model allows usto predict the effect of an R& D subsidy on deterrence. The subsidy is
equivalent to a reduction in y. Hence, the subsidy (provided it is available to al firms) always
reduces bl ocking and increasesaccommodation. Moreover, it should reducethe extent of deterrence,
unless F,,<F,, inwhich case the subsidy would increase deterrence. Hence, overall, the subsidy is
expected to make entry occur more often.

When the subsidy is offered but does not affect the outcome (blocking, deterrence, or

accommodation), itseffect ontheoptimality of R& D iscomplex. When entry isblocked, the subsidy

Note that under blocki ng the incumbent chooses x=1/y, which is the same as x?.
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will induce an overinvestment in R& D, given that the incumbent was already spending the optimal
amount.*® With deterrence, thefirmisunderinvestingin R& D, but 0x5/3 >0, hence the subsidy will
reducex® even more, whichiscounterproductive. When accommodationistheequilibriumwith and
without the subsidy, the subsidy issocially beneficial, sinceboth firmsinvest toolittlein R& D from
thesocial point of view (with strictly positive spillovers). Therefore, whilethe subsidy may facilitate
entry, when it does not change the type of equilibrium, it is counterproductive, except when the

equilibrium is accommodation.

Corollary 1. An R& D subsidy offered to both firms has the opposite effect of y on entry. Moreover,
when it does not change the equilibrium outcome:

-it induces an overinvestment in R& D under blocking;

-it accentuates the underinvestment in R& D under deterrence; and

-it moves R& D in the socially desirable direction (up) under accommodation.

Proof. The R&D subsidy reducesthe cost of R& D to the firm. Under blocking, the incumbent was
investing the socially optimal amount before the subsidy, and the subsidy increases R&D. Under
deterrence, theincumbent wasunderinvestingin R& D, and the subsidy inducesit toreduceitsR&D.
Under accommaodation, the incumbent and the entrant are spending too little on R&D (provided

B.6.>0), and the subsidy induces them to increase their R&D investments. &

The effects of profitsand of the sunk cost, although well known and largely independent of
R& D effects, are presented here for completeness. Moreover, when F,,<F,, the presence of R&D
changesthe effects of these parameters on the equilibrium. Consider first the impact of an increase

in monopoly profits.

Proposition 5. Anincrease in 7™ has no effect on blocking. In addition:

- if Fp<F,, it has no effect on deterrence or accommodation;

- if Fop>F,, it increases deterrence and reduces accommodation.

Proof. Fpz and F, do not depend on z™. From (16) it is obvious that oF ,,/0 7"<0. Hence, when
F,o<F,, none of the relevant critical values shifts, and there is no effect on blocking, deterrence or
accommodation. When F ,,>F,, the shift of F,j, to the left while Fyg is unchanged means that there

is no effect on blocking, while deterrence has increased and accommodation diminished. B

Owith blocki ng and when there are more than one incumbent, however, the subsidy will be socialy beneficial as
long as there are spillovers, sincein this case firmswill underinvest in R& D relative to the socia optimum.
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Blocking is not affected by the change in #™, because blocking is determined solely by the
potential duopoly profits if the potential entrant enters (minus all R&D costs and plus all R&D
benefits). When F,,<F,, F, is relevant. But F, does not depend on #™, hence in this case both
deterrence and accommodation are unaffected. When F ., >F,, however, theincreasein z™ shiftsthe
tradeoff toward deterrence, and reduces accommodation.

Proposition 6 shows the effect of an increasein z° on the equilibrium.

Proposition 6. Anincreasein 7 reduces blocking and increases accommodation. In addition:

- if F\p<F,, it has no effect on the extent of deterrence (but deterrence now occursfor higher values
of F);

- if Fop>F,, it reduces deterrence.

Proof. Itisobviousfrom (9), (16) and (17) that 0F 5/ 7°>0, F,/0 >0, and oF ./ 7°>0. Thismeans
that there isless blocking and more accommodation, both when F,,<F, and when F,,>F,.

To determine the net effect on deterrence, we need to look at the magnitudes of the changesin the
critical values of F. Consider first the case F,,<F,. It is obvious from (9) and (17) that

Fog  F

= — 33
&ﬂ'd o')ﬂ_d ( )
hencethetwo critical values shift to theright by equal amounts, implying that in this case the extent
of deterrence (given by the difference Fg-F,) isunchanged, even though now deterrence occursfor
higher values of F.

Consider next the case F ,,>F,. In this case the difference in the shift of the critical valuesisgiven
by

a(FDB_ FAD):_ ﬂu <
Za VA" - 7%) - B

0 (34)

hence F,, shifts to the right more, implying areduction in deterrence. &

Theincreasein 7* makesentry easier for any level of R& D investments, reducing blocking.
Moreover, when F, isrelevant, x? declineswith 7, meaning that the incumbent has to underinvest
more to deter entry. The constraint X°>0 becomes binding for higher values of F, implying that F,
shifts to the right and there is more accommodation. As F; and F, shift by similar amounts, the
extent of deterrence is unchanged, although it now occurs for higher values of F.

When F,,>F,, the fact that deterrence has become more costly (it requires more
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underinvestment; remember that 0x%/o7°<0) and that accommodation (duopoly) profits have
increased, combineto shift F,, to theright, shifting the tradeoff toward accommodation. And asF

shiftslessthan F,, thereislessdeterrence. Using the samereasoning asabove, oF ,,/0 7 >0F 5/0 7

means that
&(”iA_”iD) one
d d
- % > - o (35
d(m"-m) ITe
oF oF

Finally, consider the effect of an increase in the entrant’s sunk cost.

Proposition 7. Anincrease in Sincreases blocking, has no effect on the extent of deterrence (but
deterrence now occurs for lower values of F), and reduces accommodation.

Proof. It is obvious from (9), (16) and (17) that 0F 5/0S<0, 0F 5,/0S<0 and oF,/0S<0. This means
that there is more blocking and less accommodation. Moreover,

Fog _ Fup _F

B B B (30)

implying that in all casesthere is no change in the extent of deterrence, although it now occursfor

lower values of F. H

The effect of Sisstraightforward: it makes blocking more likely, facilitates deterrence, and
reduces accommodation. When F, is relevant, F, shifts to the left because 0x°/0S>0. However,
because of the equal shiftsin Fyg, Fop and F,, Sdoes not affect the extent of deterrence. Moreover,
contrarily to 7" and 7, thereis no interaction between the comparative statics of the sunk cost and

R&D investments or spillovers.

4. The effect of spillovers
This section looks more closely at the effect of spillovers on the equilibrium. While the
results were expressed above in terms of F, here they are stated in terms of critical values of

spillovers.

Proposition 8. Let x>0 (i.e.,, F>F,). Then, entry is blocked when 8< 67°. When 4 > £°°: entry is
deterred for S.<A:°, and accommodated for 4> G2°, with 528 and £° given by (37) and (38).
Proof. Solving (8) for 4 yieldsthe critical value for blocking:
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B = y(F+S- ;zd)—% (37)

Equating (12) and (15) and solving for £, yields

o SAV(F+S-7)- 4 +/i.2<87(7;;2— P)-0-@-Frs-A)

Theincumbent prefers deterrence for £.<f.° and accommodation for £.>42° (in both cases,
conditional on £ >/7®). Consistent with the comparative statics derived above, it is easy to verify
that 0,52°/0,6<0, reflecting that ahigher 4 tiltsthe tradeoff between deterrence and accommodation
in favour of the latter.

By fixing other model parameters and letting 4 and B, vary, we can study the resultsin the
spillover space. Figure 5 plots the equilibrium outcomes for the case F>F,. F, does not vary with
spillovers. Blocking constitutes the equilibrium when g is sufficiently low. When £ is
moderate/high and 4. issufficiently low, deterrence obtains, whileaccommodationisthe equilibrium
when 4 is moderate/high and g, is sufficiently high. These results are consistent with the
comparative staticsderived in section 4, but here theimpact of spilloverson theequilibriumismore
explicitly shown: a higher 4 reduces blocking while facilitating both deterrence and
accommodation, whileahigher £, increases accommodation and reduces deterrence, with no effect
on blocking. Notethat in thelower region of thisfigure (below theimaginary line £.=0.25), F \p,<F,,
while abovethat line F,,>F,. But because F>F,, thisinequality does not affect the equilibrium, that
is, thereis no region on this figure where the firm would like to deter entry but cannot.

Figure6illustrates such a case using the same numerical parametrization asfigure 5, except
for F, sothat with F<F,, theequilibriumis Accommodation everywhere. However, inthelower right
part of the graph (for moderate/high £ and low £.), the incumbent chooses Accommodation, even
thoughit would prefer deterrence (F>F ), because of the constraint x°>0: deterrencewould require
a negative R&D investment. Moreover, entry is never blocked on this figure because of the
relatively low value of F.

These results allow us to predict the impact of intellectual property protection on market
structure and R&D. The model predicts that strengthening the protection of the incumbent’s
technology (areduction in B) increases the chances that entry will be blocked and/or deterred (see
figure5). Moreprecisely, the chances of deterrenceincreasewhen 4 ismuch larger than 8. Given
that thiswould be done at the expense of accommaodation, such apolicy would be welfare-reducing.

When £ isjust above 48, reducing B would induce a shift from deterrence to blocking. Thisis
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welfare-increasing, because blocking does not entail adistortioninx,. Moreover, it hasthe effect of
increasing X7, but only in the deterrence regime. In paralel, strengthening the protection of the
entrant’ s technology (areduction in 3,) increases the chances that entry will be deterred, and it has
no effect on R& D investments. The benefits of increasing the protection of R& D aimed at reducing
fixed costsare not obvious (even in the absence of strategic behaviour), given that firmsdon’t suffer
strong disincentives from the reduction in the fixed costs of their competitors."* In this context,

intellectual property protection has little effect on R& D, and mostly negative effects on entry.

5. Conclusions

This paper has shown how underinvestment in R&D aiming at reducing fixed production
costs can be used to deter entry. It was shown that deterrenceis more likely when the spillover from
the incumbent to the potential entrant is high, when the spillover from the potential entrant to the
incumbent is low, and when the fixed cost is intermediate.

Underinvestingin R& D to deter entry can be seen asastrategy raisingrivals' costs, although
it also raises the costs of the incumbent.*? It can also be seen as a lean and hungry look strategy,
where the firm underinvests to be strong. Paradoxically, the dominant monopoly position is
maintained through inferior innovative performance.”® Firms may slow technological progress to
prolong their monopoly (or high concentration) position. Underinvestment in thistype of R&D can
beused by public utilitiesto artificially maintain natural monopoly positions. Itisalmost impossible
for antitrust authoritiesto detect thistype of underinvestment in R& D, in spite of itsanticompetitive
effects.

The literature on potential competition (for example, Nti, 2000) has pointed out that more
potential competition may lead to less actual competition. Here, potential competition can lead to
less innovation.

Thepaper isremotely related to theliterature on endogenous sunk costs (Sutton, 1991) which

Uynless prices are closely relate to average costs.

The literature has considered activities rais ng rivals costs (for example, Salop and Scheffman, 1983) through
activities such as raising input prices, regulation, law suits, or R& D expenditures. However, underinvestment in R&D has
not been studied as a strategy for raising rivals' costs.

hile fixed costs can be affected directly through R& D, many technological choices made by the firm can also
affect them. For instance, Caves and Porter (1977) and Mantena and Sundararajan (2005) note that increasing the scope of
a product can increase fixed costs, making entry more difficult for any firm wanting to produce a product with similar
characteristics. Mantena and Sundararagjan cite the example of Microsoft, which has increased the scope of its Windows
operating system with that purpose -among other purposes- in mind. Increasing the product scope artificially to boost fixed
costs can be seen as an inefficient technological choice aimed at deterring entry, in the same spirit asunderinvestingin R& D
aimed at reducing fixed costs. In both cases, the best technology available -or that could be made available- is not used or
developed.
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suggests that concentration may be higher in larger markets through higher levels of R&D (and
advertising). Here fixed costs are “endogenous’, but obviously in a different sense. In the present
framework, endogenous fixed costs may increase as well as decrease concentration
(underinvestment in R& D makes deterrence possible, increasing concentration, but spillovers may
facilitate entry, decreasing concentration). In contrast to the endogenous sunk costs literature, here
the barriersto entry do not comefrom the high R& D investments of incumbents, but rather from too
little R& D investment.

Several papers have looked at the relationship between concentration and R& D (Dasgupta
and Stiglitz, 1980, Vives, 2004). The results are inconclusive and model-specific. The results
obtained here suggest a complex relationship between concentration and innovation, since higher
levels of innovation may be associated with more (under blocking) or less (under accommodation)
concentration, while lower levels of innovation may be associated with higher levels of
concentration (when entry is deterred).

The paper has shown that spillovers can affect the type of equilibrium that obtains, and
through it market structure and R& D investments. Patents and intellectual property protection can
have unintended consequenceson R& D and market structure (beyond thedirect effect of increasing
theincentivesfor innovation) in the presence of strategic effects. With strategic behaviour present,
most of the effects of intellectual property protection are on market structure, rather than on R&D
investments per se, and those effects tend to be negative (less entry). Combined with the mixed
results regarding R&D subsidies derived above (see corollary 1), these results suggest that
innovation policy instruments designed for R& D related to variable cost reduction and product
innovation have a mixed performance when applied to R&D aimed at reducing fixed production

costsin the presence of potential entry and strategic behaviour.
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Table 1. Summary of results

Fap<F, Fao>Fy
Accommo- Deterrence Blocking Accommo- Deterrence Blocking
dation dation
B 0 + - + + -
L. + 0 0 + - 0
y - - + - + +
" 0 0 0 - + 0
7 + o - + - -
S - o* + - 0* +

* |n these cases the range of fixed costs over which deterrence occurs shifts, but the length of this range remains unchanged.



Figurel.Incumbent’s deterrence profits as a function of the costof R&D
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Figure2a. F,,>F,
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Figure 3. Equilibrium profits: Fy=F,
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Figure 4. Equilibrium profits: ¥ ~F,
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Figare 5. Equilibrium outcomes: F=F,
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Figure 6. Equilibrium outcomes: #<F,
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