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Abstract

Incumbent firms have two basic possibilities to improve their competitive position in the product
market: Investment in R&D and the creation of entry barriers to the disadvantage of potential rivals,
e.g. through lobbying activities, campaign contributions, bribes or the adoption of incompatible
technologies. This paper proposes a simple oligopoly model which raises the possibility that such
anti-competitive conduct and R&D investment are complementary activities for incumbents.
Consequently, an institutional framework or technological possibilities which encourage anti-
competitive conduct, although impeding entry of potential rivals and accentuating standard
oligopoly distortions, may foster R&D-based growth and welfare. However, this outcome is less
likely if entrants exert technological spillover effects, e.g. through foreign direct investment. Stronger
protection of intellectual property rights, although triggering anti-competitive conduct and thereby
impeding market entry as well, is more likely to foster economic growth.
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1. Introduction

In a world of imperfect product market competition, incumbent firms have two basic
possibilities to improve their competitive position in the product market: Investment in
R&D and the creation of entry barriers to the disadvantage of potential rivals (anti-
competitive conduct).! Evidence provided by Djankov et al. (2002) suggests that entry
barriers can be understood by public choice theory of entry regulations (e.g. Stigler, 1971),
stressing (i) lobbying activities of industry incumbents aiming at regulations which enhance
their profits and (ii) politicians and bureaucrats who use regulations both to create rents
for incumbents and to extract them through campaign contributions, votes and bribes.
Resulting entry barriers may come, for instance, in the form of administrative burdens
associated with registration of a business, legal barriers to entry which regulate the number
of competitors allowed in a market through national, state or provincial laws, poorly
communicated and non-transparent rules and procedural requirements for penetrating
a market, and discrimination against foreign firms with respect to accessibility of
information and appeal procedures.” Besides affecting legislative entry regulations,
incumbent firms may also contribute to technological barriers to entry. For instance,
particularly in innovative and technologically advanced industries, incumbents often seek
to adopt incompatible technologies (e.g. Salop and Scheffman, 1983; Krattenmaker and
Salop, 1986).

This paper provides a first attempt to jointly analyze the decisions of incumbents to
invest in R&D and to impede competition by raising rivals’ entry costs. In a first step we
analyze a simple static oligopoly model which suggests that investing in entry barriers and
in R&D are complementary activities for incumbents. For instance, higher incentives of
firms to raise rival’s entry costs, possibly induced by the legal treatment of anti-competitive
conduct in an economy or technological possibilities, may be conducive to R&D effort of
incumbents.

To examine the implications of this finding for economic growth and welfare, we extend
the basic model to an endogenous growth framework with multiple industries and
oligopolistic competition within an industry. Each industry consists of one incumbent and
many potential entrants. We argue that whether the increased R&D expenditure of
incumbents, when fostered by a higher incentive for incumbents to impede entry, also
implies faster growth or even higher welfare is dependent on the contribution of entrants to
the economy’s knowledge stock which can be accessed by innovating firms in the future.
For instance, the literature on the impact of foreign direct investment sometimes suggests
that foreign multinationals exert significant positive knowledge spillovers on the domestic
economy.” In this case, an environment which encourages anti-competitive conduct of
incumbents may, by retarding entry, reduce both the economy’s growth rate and welfare,
though fostering R&D investments of incumbents. However, if spillover effects are
negligible, growth and welfare may increase, despite the fact that impeded entry triggered

YA further possibility is advertising, which we do not consider in this paper. See Grossmann (2008) for a first
attempt to analyze the interaction between R&D investments and advertising outlays of firms under free entry in
monopolistically competitive markets, and its implications for economic growth and welfare.

2A rich set of measures of entry regulations in OECD countries is provided by Conway et al. (2005).

3Generally, however, the evidence is mixed. Positive FDI spillover effects seem to be confined to developed
countries like the U.S. and to R&D-intensive industries. The size of the effects varies considerably between
studies. For discussions of the available evidence, see e.g. Keller (2004; section 6.2) and Egger et al. (2006).
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by higher anti-competitive effort of incumbents accentuate static oligopoly distortions. We
also find that stronger protection of intellectual property rights (IPR) raises entry barriers
by encouraging anti-competitive behavior of incumbents. In contrast to weaker regulations
on anti-competitive conduct, however, growth effects are likely to be positive.

Our paper is related to several strands of literature. First, it builds on ideas from the
literature on anti-competitive conduct, which has shaped our understanding of the
profitability of incumbents’ efforts to raise rivals’ cost and their implications for output
and prices (Salop and Scheffman, 1983, 1987). In their seminal contribution, Salop and
Scheffman (1983) point out that, from the perspective of the predatory firm, these
strategies have some important advantages compared to predatory pricing: (i) they are
credible, (ii) it is not necessary to sacrifice profits in the short run, and (iii) there is no need
for superior access to financial resources. Gilbert (1989) provides an excellent overview on
the literature on raising rival’s costs as a profit-maximizing strategy of incumbents.
However, this literature does not consider R&D incentives or growth.

Secondly, our paper is related to an important recent literature which investigates the
relationship between the intensity of product market competition and R&D-based growth.
For instance, Van de Klundert and Smulders (1997) compare R&D incentives of firms
under Cournot and Bertrand competition in a growth model with in-house R&D and show
that growth is faster under Bertrand competition. Most closely related to our paper,
Aghion et al. (2006) examine the effects of entry on incumbents’ R&D investment
conditional on the distance of a sector to the world’s technological frontier. Due to
Bertrand competition and homogenous goods within an industry, profits of an incumbent
firm are positive only if it is more productive than rivals and thus holds a monopoly.
Hence, more distant to the frontier, a higher probability that an incumbent is replaced by a
more productive entrant (i.e., a higher “entry threat”) reduces the incentive for the
incumbent to invest in R&D. On the contrary, if the incumbent possesses the frontier
technology, it can deter entry by innovating. Thus, a higher entry threat encourages R&D.
The basic result suggested by the analysis, that higher entry threat encourages innovation
incentives by incumbent firms in sectors that ex ante are close to the technological frontier
and discourages R&D investments in sectors more distant to the frontier, is supported by
firm level panel data for the UK. Consistent with this evidence, our model shows that if the
number of entrants rises for exogenous reasons, incumbents which have sufficiently
superior technology compared to entrants (being more likely if incumbents are close to the
world’s technology frontier) raise their R&D investments. Technologically inferior
incumbents, by contrast, adjust R&D investment downward in response to increased
entry. Our main contribution, however, is to investigate the relationship between
incumbents’ R&D and the number of rivals when we allow entry barriers, and therefore
entry, to be endogenous in the sense that they are based on profit-maximizing investments
of incumbent firms in anti-competitive conduct. The second key difference to our paper is
that in Aghion et al. (2006) incumbent technology leaders can fully escape entry by
innovating, whereas in our model incumbents respond to actual entry rather than to an
entry threat and can only mitigate entry.*

“In another interesting study, Aghion et al. (2005b) theoretically and empirically find an inverted U-shaped
relationship between product market competition and growth. In their theoretical model, the degree of price
competition is inversely measured by the degree two technologically similar (neck-and-neck) firms are able to
collude. By assumption, there are at most two firms. A technologically leading firm owns a monopoly. It does not
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Thirdly, Krusell and Rios-Rull (1996) propose a theory in which incumbent innovators
have the possibility to block the emergence of superior technologies, i.e., vested interests of
incumbents become an obstacle to development. Acemoglu et al. (2006) briefly discuss
incentives of capitalists to buy support of politicians to restrict competition, which may
give rise to an underdevelopment trap in the sense that the economy retains low-skill, non-
innovating entrepreneurs. None of these papers, however, addresses our question whether
the possibility of raising rivals’ entry cost crowd out or complement R&D spending of
incumbents which do have the capability to innovate.

The remainder of this paper is structured as follows. In the next section we further
motivate our analysis by turning to some anecdotal evidence on recent anti-competitive
measures and entry barriers in innovative industries. Section 3 develops and analyzes a
simple static oligopoly model. Section 4 extends the basic model to an endogenous growth
framework, derives analytically comparative-static results on R&D, anti-competitive
conduct and growth, and numerically investigates welfare effects. In Section 5 we briefly
discuss the link of the regulatory environment in South Korea to its macroeconomic
development and argue that our model is consistent with this link. Section 6 concludes.

2. Anecdotal evidence for innovative industries

This section provides anecdotal evidence for anti-competitive activities of incumbents,
and possibly resulting entry barriers, by considering some examples from R&D-intensive
industries. There is clear evidence indicating that anti-competitive activities may be of
major importance. For instance, (reported) expenditures on lobbying targeted to the
federal government of the United States amounted to $1.44 billion in 1999, according to
the Center for Responsive Politics (www.opensecrets.org). Here we focus on highly
innovative firms in the pharmaceutical, computer and electronic industry which may also
be actively engaged in anti-competitive conduct.

The pharmaceutical industry in Switzerland is known as being, first, highly concentrated
and, second, comparably R&D intensive. Moreover, like the pharmaceutical sector in
many other developed economies, the Swiss pharmaceutical sector is highly regulated.
A comprehensive report, commissioned by the central government, on the consequences of
public regulations for the price level of pharmaceutical products lists a large number of
specific regulations (Infras/Basys, 2003, p. 59). Despite the fact that there may be good
economic reasons for these regulations (i.e. a multiplicity of market failures), the report
concedes that most regulations impede competition. Among these are patent protection,
prohibition of parallel imports, and complicated and intransparent procedures for the
admission of new pharmaceuticals. It is furthermore suspected that incumbent firms erect
market entry barriers by impacting on the admission of pharmaceuticals. This is made
possible, in principle, by the fact that the authority responsible for the admission of new
pharmaceuticals (Swissmedic) is connected along several dimensions to the large

(footnote continued)

invest in R&D, because in case the technologically lagging firm innovates it catches up with the leader and there is
neck-and-neck competition. A higher degree of competition in an industry reduces post-innovation profits of the
previously lagging firm (as well as profits of the previously advanced firm) and thereby discourages its R&D. By
contrast, in a neck-and-neck industry, as firms can escape competition by innovating, higher competition raises
R&D investments by reducing pre-innovation profits. The analysis is not directly comparable to ours, however, as
there is no entry in the model and incumbents can fully escape competition.
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incumbent firms. The most obvious interconnection lies in the fact that this authority is
financed by the contributions of the incumbent firms (Infras/Basys, 2003, p. 166).
To restrict the institutionalized possibility of large incumbents to hinder entry of other
(possibly foreign) firms by rendering admission of new pharmaceuticals more difficult, the
authors of the study therefore demand that the authority should be tax financed.

Another widely discussed instance of anti-competitive conduct were the apparent
attempts of Microsoft to secure its quasi-monopoly on operating systems by means which
in 1998 the United States District Court for Columbia eventually deemed as violating
competition law. In its final judgement, dated May 18, 1998, the court states: “Microsoft
shall not retaliate against or threaten retaliation against an OEM [...] because it is
known to Microsoft that the OEM is or is contemplating: 1. developing, distributing
promoting, using, selling, or licensing any software that competes with Microsoft Platform
Software or any product or service that distributes or promotes any Microsoft
Middleware; 2. shipping a Personal Computer that (a) includes both a Windows
Operating System Product and a non-Microsoft Operating System, or (b) will boot with
more than one Operating System”. Consistent with this judgement on “prohibited
conduct”, Fisher and Rubinfeld (2001) forcefully argue that Microsoft tied its Internet
Explorer to Windows (giving it away for free) and imposed agreements on original
equipment manufacturers (OEMs) to boycott other browsers not primarily to prevail in
the browser market but because ‘“Microsoft foresaw the possibility that the dominant
position of Windows operating system would be eroded by Internet browsers and by cross-
platform Java, both of which are capable of supporting platform applications that are
operating system independent” (p. 3).

Consider finally a prominent example from the electronic industry. Apple is well known
for being very successful in marketing its MP3 player iPod. To support sales of iPods,
Apple has established the internet-based music store iTunes providing audio files.
Importantly, these audio files can only be played with an iPod and not with any MP3
player supplied by Apple’s rivals. It is obvious that this business model uses a technological
incompatibility to induce switching costs for Apple’s customers. The potential
disadvantages for customers and the competition impeding aspect of this strategy has
led, on June 30th, 2006, to the French Senate and National Assembly to pass a law which is
supposed to allow customers to play music bought from iTunes on one of iPods’ rivals
(The Economist, 2006). The important aspect in the context of the present paper is that this
strategy implements market entry barriers for potential rivals since any entrant must at
first heavily invest in, say, advertisement to successfully attract consumers. This example
points once more to the conjecture that highly innovative firms with the capabilities to
erect market entry barriers might, at the same time, be highly innovative. The question
arising from this example which motivates our analysis reads: May Apple’s technological
opportunity to engage in anti-competitive conduct also spur its innovative activities?

3. Basic model
3.1. Set up
Consider the following linear demand model with vertical differentiation of goods

and Cournot competition among oligopolistic, single-product firms. For simplicity, there is
no horizontal differentiation of products. The inverse demand function for any variety
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ke{l,2,...,N} takes the familiar form

N
Pe=qr—7X with X =", (1)
=

where y>0, p; and ¢, denote price and quality of good/firm k, respectively, x; gives the
amount supplied by firm j, and N is the number of products and firms in the considered
industry. There are two types of firms: one incumbent and m entrants. Thus, N = 1 4+ m.
The number of entrants is endogenously determined. For simplicity, marginal production
costs of all firms are set to zero.

The incumbent firm can incur in-house R&D investments which determine product
quality. These outlays constitute endogenous sunk costs at the product market competition
stage (following Sutton, 1998, among others). Formally, we have

g(l) if k is incumbent,
%=1, if k is entrant, 2)
where / is R&D cost incurred by the incumbent and g(-) is an increasing and strictly
concave function. In the appendix it is shown that the quality of entrants, 4>0, has to be
low enough for the incumbent to be viable in the competition with entrants and high
enough for entering firms to be viable in the competition with the incumbent. A may be
interpreted as inversely measuring the strength of intellectual property rights protection
(IPR) in the considered economy: If IPR protection is strong, then imitation is retarded,
which may be reflected by a low A. More generally, we allow for A<g(/), which captures,
for instance, that domestic entrants usually face lower market demand than incumbents.’
But we also allow for the case that the quality level of entrants exceeds the quality of
incumbents, 4> ¢g(/), which captures the possibility that entering firms are technologically
advanced multinationals from abroad.

There is free market access of entrants in the sense that firms enter as long as profits are
non-negative, with a large number of potential entrants. However, these firms have to
incur entry costs, which consist of two components. First, there may exist conventional
(i.e. exogenous) sunk costs f > 0. In addition, entrants may have to incur cost which can be
affected by the incumbent through “investment” in anti-competitive conduct, denoted by
b. For instance, b may be expenditure for lobbying, bribing politicians or adopting
incompatible technologies. Resulting entry barriers may come in the form of red tape and
barriers to foreign direct investment. Allowing incumbent firms to increase their potential
rivals’ sunk cost by such investments enables us to address the important question whether
two of the most fundamental activities of firms to improve their competitive position in the
product market, investment in R&D on the one hand and discouraging entry of rivals by
anti-competitive conduct on the other hand, are complements or substitutes for
incumbents.

Formally, suppose that entry costs of the incumbent’s potential rivals are given by

F(b;y) =1 + 2b), (€)

where /(-) is an increasing and strictly concave function with 4(0) = 0 and x>0 captures
the ‘productivity’ of anti-competitive conduct. As one possible interpretation, y captures

SFor an excellent review of the literature on firm entry and market shares of entrants, see Caves (1998).
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(inversely) the institutional quality of the economy’s political and regulatory system. For
instance, a high y may indicate that lobbying activity is effective in protecting incumbents
from competition through entry. A high y may also capture technological conditions which
are well-suited for the adoption of incompatible technologies. Comparative-static analysis
with respect to both changes in y and in the quality of rivals 4 (possibly affected by IPR)
will play a key role for gaining insights in the nature of the interaction between the two
types of investments of incumbents, R&D and raising rivals’ costs.

Finally, suppose that, at the stage of the investment decision of incumbents (choosing
[ and b) and the entry decision of potential entrants, profits arising at the product market
competition stage, called “current profits”’, may be discounted. The discount factor is
denoted by p € (0, 1]. This is inconsequential for the analysis of the basic model but, as will
become apparent, makes it directly comparable to the dynamic model in Section 4.

3.2. Equilibrium analysis

An equilibrium in the economy can be derived by solving the following steps. First, we
derive current profits by looking at the Cournot—Nash equilibrium in the product market,
for a given number of firms and given product quality levels. Second, we examine the
viable number of entrants in the industry, m, who enter as long as (discounted) current
profits cover the entry costs, given both the R&D investment, /, and anti-competitive
effort, b, of the incumbent. Third, we consider the incumbents’ optimal choice of
investments, where incumbents take into account the implications of their decisions on
both the number of rivals and the resulting outcome from product market competition.

3.2.1. Profit functions

We start by characterizing current profits, given product quality levels of incumbents
(depending on R&D effort /) and given the number of entrants, m. At the product market
competition stage, each firm k& maximizes sales revenue (since marginal production costs
are zero), p; X, subject to demand schedule (1), by taking quantities set by other firms as
given. We denote by ' and nF the resulting equilibrium sales revenue of the incumbent and
entrants, respectively. The following result holds. (Throughout, subscripts on functions
denote partial derivatives.)

Lemma 1. For given =0 and m>0, current profits of the incumbent and entrants can be
written as ©' = 7'(1,m; 1) and nt = 7E(1,m; 1), respectively, where functions &' and 7% fulfill:
>0, if <0, 7' <0, #F <0, 7! <0, and #£>0. Moreover, %\ >0 and, finally, if 7 is

sufficiently large (small), then ﬁ}m <(>)0; if all firms offer the same quality (i.e., A = g(I)),
then 7} <O0.

Lemma 1 is proven, as all other subsequent formal results, in the Appendix. It says that,
first, an increase in R&D effort of the incumbent, /, is associated with higher product
quality and thus raises her equilibrium revenue (fr} >(0). However, as product demand is
redistributed away from rivals, it lowers current profits of entrants (7F <0). An increase in
the number of entrants, m, lowers all firms’ current profits (7}, <0, &> <0). Moreover, if
entrants offer higher product quality (higher 4), then their revenue increases (7% > 0), at the
expense of incumbents’ revenue (ﬁi <0).

The signs of #! and %} in Lemma 1 are of particular interest for the first main result
below (Proposition 1). First, a reduction of incumbent’s current profit from entry of an
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additional rival is higher, the lower the number of rivals (&}, >0). Naturally, for instance,
an increase from one to two rivals (an increase of 100%) has a higher impact on the
incumbent’s current profit than an increase from 10 to 11 rivals (an increase of just 10%).
The last result in Lemma 1 describes the impact of an increase in the number of entrants
on the marginal revenue of an incumbent investing in R&D (the sign of the cross-derivative
#).). To interpret it, suppose for the moment that m is exogenous and hence the incumbent
only chooses R&D investments prior to product market competition, as in standard
models of endogenous technical change. To consider the number of entrants to be
exogenous serves as a benchmark for our later results where m depends on anti-competitive
conduct of incumbents. When all firms are symmetric, in the sense that the incumbent and
entrants have the same product quality (4 = ¢g(/)), then an increase in m unambiguously
reduces the incentive of incumbents to invest in R&D (#},, <0) and thus R&D effort of
incumbents declines (given that initially / was at the optimal level).® This is due to a
standard “‘demand size effect”, known from the IO literature on R&D (e.g., Cohen and
Klepper, 1996a,b; Vives, 2004): An increase in the number of firms reduces the demand for
each firm, all other things equal. This means that an increase in product quality applies to
less output units. Consequently, when firms are symmetric, the return to R&D is
diminished.” For the incumbent, the same is true if 1> g(/). However, if the incumbent
offers higher product quality than entrants at the optimal /, then increased entry may
induce the technology leader to mitigate the additional competitive pressure it faces when
m increases, by raising R&D effort (&}, >0). This allows the incumbent to regain market
share, which is clearly only possible under asymmetry of firms.

3.2.2. R&D, raising rivals’ cost, and entry

We now turn to the decision of potential entrants whether or not to penetrate the
industry and the decision of the incumbent with respect to both R&D activity and outlays
to raise rivals’ cost, / and b, respectively.

Entry in any industry occurs as long as the discounted profit are not below entry costs,
pnP>F. Using Lemma 1, given the investments / and b of the incumbent, the number of
entrants, m, is implicitly given by

pRE(1,m; 2) = F(b; y). 4)

Lemma 2. For given [=0 and b>=0, the number of entrants can be written as m = m
(1, b; A, x), where function m fulfills w; <0, iy >0, 1w, <0 and ;> 0.

That m is decreasing in the incumbent’s R&D investment, /, all other things being equal,
is due to the fact that higher quality of the incumbent’s product lowers entrants’ current
profit (Lemma 1). Hence, incumbents can discourage entry by R&D. The entry-reducing
effect of R&D is weakened by higher anti-competitive effort (s, >0). Moreover, not
surprisingly, entry is reduced by higher anti-competitive effort, b, of the incumbent and, as
#¥>0 (Lemma 1), raised if product quality / increases.

To see this, note that an incumbent chooses R&D effort, /, to maximize discounted revenue minus R&D costs,
p#(I,m; 7) — 1. That is, when the optimal / is interior, it is given by first-order condition p#}(/,m; 2) = 1. Hence, an
increase in m raises (lowers) the optimal / when fr}m >(<)0.

"Vives (2004) demonstrates that this is a robust result in the case of symmetric firms in a large variety of 10
models which consider R&D expenditure decisions of firms.



V. Grossmann, T.M. Steger | European Economic Review 52 (2008) 987-1008 995

We next examine how the productivity of anti-competitive behavior, y, and the quality
offered by entrants, 4, affect R&D investment of the incumbent firm, its anti-competitive
effort, and the equilibrium number of firms. As endogenous sunk costs are given by [ + b,
at the investment stage the incumbent chooses / and b to maximize

(1, b; 2, 7) = pR' (1,1, b 2, )3 2) = | = b. &)

We focus on interior solutions throughout.® Denoting equilibrium values of R&D
investment, anti-competitive effort and number of entrants by /*, b* and m*, respectively,
we are now ready to state our first main result:

Proposition 1. An increase in the productivity of competition-impeding activity, y, not only
raises equilibrium anti-competitive effort, b*, but also equilibrium investment in R&D, [*;
moreover, the equilibrium number of entrants, m*, is decreasing in y. An increase in A reduces
both I" and b*, and raises m*.

It is not surprising that an increase in the productivity of raising rivals’ entry
cost, y, raises competition-impeding activity of incumbents, b*. In turn, the upward shift in
entry cost lowers the number of entrants. The striking result in Proposition 1, however, is
that increased anti-competitive activity goes in parallel with an increase in the R&D
investment of incumbents. Not only »* but also [* is increasing in 7. Also with respect
to a change in the product quality of entrants, A, investment in raising entry barriers
and in R&D are complementary activities of the incumbent in equilibrium. When
increases, both R&D and anti-competitive effort of the incumbent are discouraged; and
consequently, since 77, >0 (Lemma 2), the number of entrants, m*, unambiguously
increases. Insofar as / is inversely related to IPR protection, this suggests that stronger
protection of IPR (lower Z) leads to higher entry barriers (by inducing the incumbent to
raise b*), in addition to promoting R&D investment, and lowers the number of firms and
products.

3.2.3. Discussion of basic mechanism

We now look more closely into the mechanics which give rise to the—somewhat
surprising—complementarity between R&D investment and anti-competitive effort of the
incumbent. Notably, this complementarity means that equilibrium R&D outlays, [*, and
the equilibrium number of entrants, m*, are unambiguously negatively related. This is in
stark contrast to the case where we treated the number of entrants as exogenous (Lemma
1). There we saw that an increase in m (stronger competition) depresses R&D activity if the
product quality of entrants is similar or better than that of the incumbent, but it actually
raises R&D activity of the incumbent if 1 is sufficiently low. Hence, comparing Lemma 1
and Proposition 1 suggests that it potentially makes a big difference whether entry barriers
are treated as exogenous or endogenous.

To gain insight into why endogenous entry barriers are unambiguously positively related
to R&D even when #} >0 holds, let us first consider the marginal profit of incumbents
when raising R&D effort. According to (5), we have

I, = p(7; + 7 ) — 1. (6)

8Strict concavity of IT(1, b; 1, x) as function of (/, b) is ensured if g and & are “sufficiently concave” as a function
of choice variables / and b, respectively.
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Expression (6) shows that the marginal benefit of R&D consists of two effects. (Marginal
costs of R&D are unity.) First, increasing product quality “directly’ raises current profits
(ﬁ} >0), according to Lemma 1. Second, if the incumbent raises R&D investment, then
entrants’ revenue is lowered and thereby entry is discouraged. This additional incentive of
incumbents to invest in R&D may be called the “discouraging-entry effect of R&D”.

The key for the result that / and b are complements for the incumbent lies in the property
I1;, >0 (shown in the proof of Proposition 1 in Appendix), which implies that the incentive
of incumbents to invest in R&D rises when anti-competitive behavior becomes more
attractive for incumbents. To see why this is the case, let us differentiate I1; from (6) with
respect to b, which gives us

Iy,
1 o~ 1 o~ o~ o1~
0 = Ty, M + TCum UMy + T M - (7)

The first term on the right-hand side of (7) shows how the direct incentive of investing in
R&D (captured by term 7! in (6)) is affected by an increase in anti-competitive conduct, b.
When #},, <0 the direct marginal benefit of R&D is raised by an increase in b, as entry costs
increase and thus the number of firms is reduced (771, <0). But the opposite is true when
entrants’ technology is sufficiently lagging behind, such that ﬁ}m>0 (Lemma 1). In the
latter case, a lower number of rivals, induced by a higher b, reduces the direct R&D
incentive of the incumbent. It follows that for the complementarity of R&D and anti-
competitive conduct, driven by IT; >0, the impact of an increase in b on the discouraging-
entry effect of R&D (captured by term 7! 7 in (6)) is crucial, as reflected by the last two
terms on the right-hand side of (7). However, by Lemmas 1 and 2, the last term is even
negative. The main intuition for Proposition 1 is thus associated with the second term,
which is always positive (again, according to Lemmas 1 and 2). The intuition may be
described as follows: Reducing entry of rivals by behaving more anti-competitively (recall
my <0), e.g. after an increase in y, gives an additional incentive to discourage entry by
R&D (recall 77, <0), because the profit-increase from deterring an additional rival is
higher, the lower the number of rivals is. Formally, this is the case because of % >0
(Lemma 1). Similarly, discouraging entry by increasing R&D investment, e.g. after a
decrease in A (stronger IPR protection), gives an additional incentive to behave anti-
competitively. As argued above, the critical property fzinm > () is intuitive, as it just means
that a decrease in the number of rivals by one firm has a larger impact on incumbent’s
profits, the lower m already is.’

In sum, in the proposed model, there is an unambiguously positive relationship between
anti-competitive investment and R&D effort of an incumbent, where changes in
equilibrium values /* and b* are triggered by changes in y or 2. We have shown that
this result also holds if higher competitive pressure from an exogenous source (i.e., a higher
m, when m is treated as parameter) fosters R&D investment—a possibility which has
gained considerable attention in the recent literature on competition and growth (see e.g.
the survey in Aghion and Howitt, 2005). As a caveat, the discussion also revealed that
under alternative demand schedules or other forms of competition the result may not hold

®We have checked, for instance, that for symmetric firms this property holds for any demand schedule and
constant marginal costs, when the assumption of Cournot competition and horizontally non-differentiated goods
is maintained.
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unambiguously. What plays a crucial role is how the discouraging-entry effect of R&D is
altered by higher investment in anti-competitive conduct.

4. R&D-based growth and welfare

It is straightforward to extend the basic model to a simple endogenous growth
framework. This will allow us to examine the implications of Proposition 1 for economic
growth and welfare.

4.1. Extension of the basic model

4.1.1. Households

Consider an infinitely living, representative household, supplying one unit of labor to a
perfect labor market. Time is discrete and indexed by ¢. Preferences are represented by the
intertemporal utility function

oo
U=> p'C. ®)
t=0
The quasi-linear consumption index C, is given by

1
C = / Y.(i)di + B.Z,, ©)
0

where Z, is a numeraire commodity (i.e., its price equals unity, p, = 1), B, is an indicator
of its quality and

N.()

Vi = 3 (000D = 530,07) =7 323 50Dl (10)
is a sub-utility function. Goods are produced by a continuum of industries which are
indexed by i € [0, 1]. Like in the basic model, x; and ¢, are quantity and quality of good
ke {l,2,..., N}, respectively. Indices ¢ and i indicate time and industry in which the good
is produced, respectively.

We assume that the financial market is perfect. The interest rate, r, is exogenously given
atr = 1/p — 1 (small open economy). According to intertemporal utility function (8), this
implies that households are indifferent between present and future consumption.'®
Specifications (9) and (10) imply that the demand function for any variety k of industry 7 at
time ¢ can inversely be stated as py (i) = (¢ (i) — yX(i))/B;, where X,(i) = Z]{ilx,:,»(i).
This expression is almost identical to the demand schedule in the basic model (where we
have considered a single-industry in a static context), (1), besides the explicit consideration
of the quality of the numeraire, B, implicitly set to unity in Section 4. Our preference
specification is basically adopted from the standard quasi-linear utility function in the IO
literature (see Sutton, 1998, p. 46), only slightly generalized to allow for a dynamic analysis
with multiple industries.

%Hence, households accommodate any credit demand of firms for investments at the fixed interest rate r. This
simplifying assumption is common in the literature on R&D-based growth. See, for instance, Aghion et al.
(2005a,b) for a recent example.
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4.1.2. Firms

Suppose, without loss of generality, that initially m(7) = 0 for all i € [0, 1]. Marginal
production costs are again set to zero and there is again Cournot competition within
each industry. The numeraire commodity is produced under perfect competition, where
one unit of labor can be transformed into one unit of output. Since the labor market is
perfectly competitive and the price of Z, is normalized to unity, the wage rate is given by
w; = 1.

Incumbent firms (one in each industry) can incur in-house R&D labor investments (/) in
order to improve product quality one period in advance of production.'" An incumbent’s
product quality, ¢!(i), evolves according to ¢'(i) = A,_1g(/,_1(i)), where 4,_; represents the
state of knowledge in ¢ — 1, accessible to all firms. Hence, following Young (1998), among
others, knowledge acquired through R&D is firm-specific (private information) for one
period only. For instance, one may think of patent rights which last for one period.
Initially, ¢}(i) = Ao >0 for all i € [0, 1]. In addition to ¢'>0 and g’ <0, as assumed in the
basic model, let g(0) =1, i.e., incumbents’ quality remains the same if there is no
investment in R&D. In analogy to (2), for all i and #>1, any entrant has product quality
qr (i) = 24,1

Like R&D resources, anti-competitive effort, b, is incurred by incumbents one period
in advance of production and is in terms of labor.'? That is, the amount b, (i) an
incumbent i spends in ¢ — 1 affects the number of rivals in industry 7 at time ¢, m,(i), by
determining sunk costs, F(b,_1(i); x), of rivals. At all times, F has to be incurred by rivals
one period in advance to production. (That is, entrants basically have to re-establish each
period.)

Note that each firm has power in the goods market, but is of measure zero in the
economy (as there is a continuum of industries), consistent with a perfect labor market.
Our set up follows Neary (2003a,b) in that we have oligopolistic competition in the
product markets and perfect competition in the labor market. However, unlike Neary
(2003a,b), we use quasi-linear utility that abstracts from general equilibrium income effects
for analytical convenience.'?

4.1.3. Stock of knowledge
The dynamics of the model come from the evolution of the stock of knowledge, which
accumulates according to

1 1
A= [ dodivn [ mo' o ()
1
. / g0l () + i, ()] di, (12)
0

"Smulders and van de Klundert (1995) have introduced in-house R&D in endogenous growth theory.

2If we assumed, alternatively, that incumbents’ inputs / and/or b are in terms of the numeraire good (Z), as
implicitly done in the basic model, the analysis would remain unaffected.

BWe could allow for an interaction between goods markets and the labor market by removing the numeraire
commodity from the model (i.e., setting B = 0). According to our focus on the demand for labor in R&D and
anti-competitive conduct, which can reasonably be viewed as a tiny fraction of total employment, general
equilibrium effects will however be quantitatively unimportant for reasonable specifications. (The fraction of
R&D labor of the workforce is empirically well below 1 percent in most countries.) So the value-added of
analyzing general equilibrium effects would be negligible, at the cost of analytical tractability.
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where ;>0 and 0<e<1. (Eq. (12) follows from (11) by substituting ¢!(i) = 4,_19(/,—1(i))
and ¢F(i) = JA;_1.) According to the first term on the right-hand side of (11), the
economy’s state of technology depends on the average over the product quality levels of
incumbents across industries. If >0, the knowledge base is also affected by quality levels
of entrants, as captured by the second term. For instance, this case may reflect
international technology spillovers of entrants from abroad (e.g. multinationals), from
foreign direct investment (FDI). If u = 0, entrants do not contribute to the economy’s
knowledge base. Whether >0 or =0 is an empirical question, but critical for the
subsequent results.

Insofar as >0 captures positive spillover effects of FDI, empirical evidence provides a
mixed picture. It is probably fair to say that FDI inflows from developed to developing
countries do not induce impressing productivity effects, whereas there is more convincing
evidence in support of spillovers between industrial countries. For instance, Borensztein
et al. (1998) find that a presumption for positive effects is that the human capital level of
the host country exceeds some minimum level. Plant-level evidence for Venezuela by
Aitken and Harrison (1999) suggests that positive effects do not exist. Branstetter (2006)
provides evidence that Japanese firms which hold FDI capital in the U.S. cite U.S. patents
more frequently, which points to positive technology spillovers. Keller and Yeaple (2002)
find that 13% of productivity growth in U.S. manufacturing between 1987 and 1996 can be
attributed to FDI spillovers, which they find to occur primarily in R&D intensive
industries. However, the figure is much higher than found in previous studies and no
consensus on the magnitude of FDI spillover effects has yet been reached.

To interpret the second term on the right-hand side of (11) it is useful to distinguish the
extreme cases ¢ = 0 and 1. If ¢ = 0, this term gives us the average of all mq® across sectors,
where mgF is the sum of entrants’ quality in each sector i. If ¢ = 1, on the other hand, this
second term is simply the average product quality level of entrants across industries.
If >0, then only in the special case ¢ = 1, the number of entrants does not matter for the
evolution of knowledge. Consequently, as in the case u = 0, anti-competitive activity of
incumbents will not have an impact on the evolution of the knowledge base of firms
through impeding entry (that is, by lowering m). However, whenever there are positive
spillovers from the incumbents’ rivals on the economy (1> 0) and ¢< 1, the total number of
entering firms matters for the aggregate knowledge stock of the economy. Whether e< 1 or
¢ = 1 is again an empirical question, which has yet to be addressed.

Suppose finally that the quality index B of the good produced by the numeraire sector
evolves in_garallel with the oligopolistic sectors (capturing cross-sectoral spillovers), according
to B,= A, ;, where By>0 is given. Together with (12), this implies that the sectoral
composition of output remains constant over time and transitional dynamics are eliminated
from the model, as will become apparent in the equilibrium analysis, to which we turn next.

4.2. Equilibrium analysis

At the product market competition stage, we look at the period-by-period Cournot—
Nash equilibrium.'* It is easy to show, analogously to Lemma 1, that current profits of

4One possible justification to focus on the Nash equilibrium of the one-shot Cournot game is that entrants
have to re-establish each period. Therefore, the set of entrants is different in any period such that product market
competition is not a repeated game. Alternatively, we could assume that the firms’ planning horizon is finite.
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incumbents and entrants in each industry 7 at all periods > 1 are given by n'(i) = #'(/,m; 1)
and nf(i) = #5(/,m; 1), respectively, where functions #' and #" are the ones we
characterized in Lemma 1. Thus, current profits are time-invariant. Moreover, analogously
to (4), the number of entrants is given by m,(i) = m(l,_(i), b,—1(i); A, x), where function m
has been characterized in Lemma 2. Note that, as there is a continuum of sectors, each
incumbent firm is small in the sense that it does not take into account the impact of its
decisions on the future state of technology, A4,. Investments provide firm-specific benefits
for the next period only. Thus, incumbents maximize discounted current profits next
period minus investment costs today. Formally, for all i and 7>1, they again maximize
II(1,b; A, ), defined in (5), with respect to (/, b). Again focussing on an interior solution, in
equilibrium, /,_1(i) = [*, b,_1(i) = b* and m,(i) = m* = m(I*,b*; A, ) for all i and t>1 and
Proposition 1 holds.

Proposition 1 raises important policy questions: First, may an institutional environment
which is more conducive for anti-competitive conduct of incumbents (higher y) promote
growth and raise welfare in an economy, due to positive effects on the equilibrium R&D
effort of incumbents, /*? Moreover, in view of the positive impact of higher product quality
of entrants (higher /) on the equilibrium number of firms, m*, and potentially on the stock
of knowledge, according to (12), we may ask if weaker protection of IPR may be conducive
to growth. These are the questions we address next.

4.2.1. Growth effects
Using that, in equilibrium, /,_;(i) = [* and m,(i) = m* for all i and ¢>1, (12) implies that
the economy’s stock of knowledge changes according to

/_IA’ =gl + - - (m")'™F = A, m*; 2). (13)

t—1

The implication for the growth rate of the consumption index, 9, = C,;/C,_; — 1, is given
by

Lemma 3. In equilibrium, 9, = A(I*,m*; 2> — 1 = $* for all t=2.

As g(0)=1 and ¢’ >0, using (13), Lemma 3 implies that 9*>0. As a corollary to
Proposition 1 and Lemma 3, we find

Proposition 2. An increase in the productivity of competition-impeding activity, y, raises the
steady state growth rate 9 when u=0 or ¢ = 1. When u>0 and ¢<1, the impact of an
increase in y on 9% is ambiguous. When u = (>)0, the impact of higher quality of entrants’
products 1., on 8" is negative (ambiguous).

Proposition 2 demonstrates that the growth effects of incumbents’ behavior depend on
the existence and nature of spillover effects from entrants to the economy’s knowledge
base. Let us first discuss a change in y, when there are no spillover effects on aggregate
knowledge from market penetration (u = 0) or if the number of entrants does not matter
for the knowledge base (¢ = 1). In these cases, the reduction in the equilibrium number of
entrants, m*, in response to an increase in y (Proposition 1) is inconsequential for growth.
Hence, since an increase in y not only raises incumbents’ anti-competitive effort (5*) but
also R&D investment (/*), our analysis suggests that the growth rate may be higher when
the economy’s political and regulatory institutions encourage activity of incumbents to
raise rivals’ cost.
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However, if there are positive externalities (1> 0), say, from FDI and if the spillovers are
higher the more firms enter the economy (e< 1), competition-impeding activity may very
well be harmful for an economy’s R&D-based growth process. As a policy implication, this
would call for sanctioning of anti-competitive conduct of incumbents (thus reducing y),
even if R&D and anti-competitive conduct were complementary from the perspective of
incumbents. As mentioned above, whether or not FDI spillovers exist, for instance, and to
what extent, is still under debate.

An increase in the quality of entrants’ products (higher 1) generally has an ambiguous
effect on growth as well. On the one hand, incumbents reduce R&D effort, /*, according to
Proposition 1. On the other hand, if x>0, an increase in A positively affects the economy’s
knowledge base. Hence, a higher product quality of entrants may well be conducive for
growth. This is more likely in the case where <1 than in the case ¢ = 1, since we found
that the equilibrium number of entrants, m*, is increasing in A.

Insofar as the quality of entrants is inversely related to the strength of IPR, Proposition
2 raises the possibility that weaker protection of IPR may foster growth. However, this
cannot be the case if entrants purely imitate (perfectly or imperfectly) incumbents’
technology; for weaker IPR to have positive growth effects, entrants must truly add
to the economy’s stock of knowledge, e.g., through their own R&D. An extension to
our analysis (not presented due to space limitations) raises doubts that this will be the
case. We have allowed entrants to invest in R&D, assuming that incumbents are
Stackelberg leaders and entrants are followers at the strategic investment stage. More
precisely, we specified A = £g(d,_1(i)), where d is the R&D investment of an entrant
and ¢ € (0,1] may be interpreted as inversely measuring the strength of IPR in this
extended version of the model, as a higher ¢ allows entrants to access a higher state
of technology. Numerical analysis suggests that the results regarding the impact of a
higher y in Proposition 1 still hold. Moreover, we find that an increase in y raises
equilibrium R&D investment of entrants (d*). However, R&D investments of both
incumbents and entrants are decreasing in ¢. Thus, by endogenizing R&D investments of
entrants as well, the analysis suggests that stronger protection of IPR unambiguously spurs
growth.

4.2.2. Welfare effects

We finally turn to welfare effects of both changes in the productivity of anti-competitive
conduct, y, and changes in the product quality of entrants, 1. For a given knowledge
base, given product quality levels of incumbents, and a given number of firms, higher
product quality of entrants naturally has a positive welfare effect. Propositions 1 and 2
suggest that there are several more indirect and potentially counteracting welfare
effects of changes in y or /. First, there are dynamic effects from changes in the (steady
state) growth rate, 9*. Growth rate 9* is positively related to the incumbents’ R&D
investment, /*, where [* rises if y increases or if A decreases. Moreover, if there are positive
knowledge spillover effects from entrants (u>0), 9 is positively related to entrants’
quality, and thus to A. If e<1, 9* also depends on the number of firms, where m* is
decreasing in y and increasing in A. Second, however, there are static distortions from
oligopoly competition. An increase in y, by lowering the equilibrium number of firms,
accentuates these distortions. An increase in 4 has the opposite effect, by raising m*. Third,
any increase in incumbents’ R&D investment or effort to raise rivals’ cost implies that
production of the numeraire good, Z, declines. As [* and b* increase in y and decrease in A,
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Fig. 1. Welfare as a function of key model parameters y and A. The underlying set of parameters reads:
Ay=By=1,r=0.06,f=0.1,7=02, k=02, ¢ =0.7. For plot (a) and (b) 2 = 0.9, whereas plot (c) and (d)
assume y = 0.2.

through this effect on numeraire good consumption, an increase in y has a negative and an
increase in A has a positive welfare effect. Regarding b*, this effect reflects that anti-
competitive conduct is a socially wasteful activity in the sense that it affects quantity and
quality levels of consumption goods only through its interaction with R&D and by
changing the number ofentrants.

Fig. 1 plots equilibrium welfare as function of y (panels (a) and (b)) and 4 (panels (c) and
(d)), by specifying g(/) = 1 +nl*°, h(b) = kb®°, and choosing parameters such that
welfare is finite.'> Panels (a) and (c) show a situation where there are no technological
spillovers from entrants, captured by setting ¢ = 0. The numerical results suggest that in
this case an increase in the productivity of competition-impeding conduct or a decrease in
product quality of entrants may raise welfare. Intuitively, according to the discussion
above, the positive effects of a higher y or a lower A on incumbents’ R&D investment
(Proposition 1) and therefore on growth (Proposition 2) dominate the static welfare
losses of consumers because of stronger oligopoly distortions and reduced consumption
of the numeraire good. (In case of a decrease in A, there is also a direct static welfare
effect as available products of entrants are of lower quality.) However, according to

5The analytical expressions which form the basis of our numerical analysis are available on www.unifr.ch/
natoek or upon request. Inter alia, there we have shown that welfare U is finite if and only if pA><1 in
equilibrium.
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panels (b) and (d) in Fig. 1, the situation may change if there are positive knowledge
spillover effects from entrants (u>0) and the number of entrants matters for these
dynamic effects (e<1), holding other parameter values constant. In this case, welfare
may well be a decreasing function of y (panel (b)) and an increasing function of A
(panel (d)), despite the fact that incumbents’ R&D investment (/*) rises in y and
declines in /.

5. The case of South Korea

Finally, we sketch a real-world macroeconomic development process which features
some aspects that point to the importance of the mechanisms discussed above. The
Republic of Korea, once one of the world’s poorest agrarian societies, has undertaken an
outstanding economic development since 1965. The annual growth rate of per capita
income during the period 1965 until 2000 averaged to about 6.6% (Heston et al., 2002).
South Korea is known to have pursued an interventionist approach based on an
outward oriented development strategy, combined with trade protection, and several
policies which directly or indirectly promoted R&D. There is strong evidence showing that
R&D has played an important and increasing role in this process. The R&D intensity
(GERD as percentage of GDP) rose from 1.9% in 1991 to 2.7% in 2000, which was about
the same value as in the U.S. at that time. Moreover, Korean R&D is financed and
performed overwhelmingly by the business sector. The share of GERD financed by
industry peaked at 78% in 1996, dipped below 70% during the financial crises, and
returned to 72% by 2000. This figure is highest in the OECD, equalled only by Japan
(OECD, 2002, p. 15).

South Korea is also known to exhibit a high degree of product market regulation.
Conway et al. (2005, p. 12) classify South Korea as following a “‘relatively restrictive”
product market competition regime. More precisely, in the subcategories which capture
barriers to entrepreneurship, “administrative burden” and “‘legal barriers”, South Korea is
among the most restrictive countries (Conway et al., 2005, p. 54). Turning to competition
intensity, Yongchun et al. (2004, p. 6) report that average industry concentration,
measured by the Hirschman—Herfindahl index, is particularly high compared to
international standards. From 1977 to 1994, the 30 largest chaebol (large conglomerate
firms) accounted for between 32% and 40% of total national output. According to the
Asian Development Outlook (2005, p. 254) “these large firms used their market power at
home to frustrate entry by rivals. [...] Early efforts to introduce competition laws in the
country were easily thwarted by lobbying from the corporate sector...”. Moreover,
Yongchun et al. (2004, p. 19) note that “Korea’s government-driven growth policy has
included regulations [....] that resulted in various entry barriers, such as licensing,
permission, nomination, government monopoly and reporting requirement. According to
a government study, 63% of all industries had regulations controlling market entry.”'®
The picture is completed by noting that foreign direct investment inflows played a minor
role in South Korea prior to 1997, reflecting a generally hostile attitude toward foreign
investors (Yongchun et al., 2004, p. 12).

1L and-use regulations play a crucial role since South Korea has the third highest population density in the
world. The extensive controls on land use, combined with government policies that limit the available supply, can
act as significant entry barriers (Yongchun et al., 2004, p. 20).
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This overall picture clearly suggests the following stylized facts. First, Korean economic
growth was significantly fuelled by private business R&D, conducted in highly con-
centrated industries. Second, there seems to be a positive interaction between private
business R&D and anti-competitive activities of incumbent firms. Third, the institutional
and regulatory framework appears to have played a major role in enabling private firms to
erect market entry barriers.

6. Conclusion

In this paper we proposed a simple oligopoly model to investigate the interplay between
R&D investments and expenditure for anti-competitive activities by incumbent firms, and
its implications for R&D-based growth and welfare. Our results support the possibility of a
positive relationship between R&D activity and effort of incumbents to raise rivals’ entry
cost. Retarded entry by anti-competitive conduct changes incumbents’ incentives to incur
R&D costs in two ways. On the one hand, it changes the incentive to invest in R&D which
comes from the motivation to increase goods demand for a given number of rivals (the
“direct” effect of R&D). On the other hand, it also changes the incentive of incumbents to
invest in R&D in order to discourage entry of potential rivals. The change of this
discouraging-entry effect of R&D is critical for the possible complementarity between
R&D investment and anti-competitive expenditure of incumbents. We have argued that
this complementarity is not driven by the, from an empirical point of view problematic,
prediction of R&D models with symmetric firms that an exogenous increase in the
intensity of product market competition is harmful for innovative activity. In our model, if
the number of rivals rises for exogenous reasons (unrelated to incumbents’ behavior), then
R&D investment of incumbents is fostered when incumbents are technologically advanced,
in line with recent evidence by Aghion et al. (20006).

Turning to the policy implications, we arrive at the following conclusions. Our model
points to a specific mechanism according to which the institutional framework or
technological possibilities which encourage anti-competitive conduct of incumbent firms
may foster R&D and growth. However, the decrease in the number of rivals induced by
both higher anti-competitive activity and R&D investments of incumbent firms may well
imply that long-run growth and welfare are depressed, due to retarded knowledge
spillovers and stronger oligopoly distortions. Hence, the analysis suggests that the extent
and nature of (international) knowledge spillovers is critical to evaluate the net effect of
higher incentives for incumbents to invest in raising rivals’ entry cost on growth and
welfare. We have also argued that, in contrast, stronger protection of intellectual property
rights, although impeding market entry as well, is likely to foster economic growth.
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Appendix

Proof of Lemma 1. Using (1), for given quality levels, sales revenue of firm %k under
Cournot competition is given by

T = n}gx (qk — PXp — ) Z)@-) X (A.1)

Jj#k

=pk

Solving the first-order condition for xj, we obtain x; = ¢;/y — X, where X = Z/A;lxj.
Summing both sides over all £ and solving for X gives us

ZkN—lqk
PN+ 1) (A-2)
Using x; = ¢, /7y — X, we find
Na = 124
=——=7"" A3
ETN D A-3)

Inserting X from (A.2) into (1) and using (A.3) reveals that p, = yxx. Consequently,
Tk = yx;. Substituting x; from (A.3), we find

2
1 |:qu - Z#k%}

T Y VI

Now, using N = 1 + m together with (2) it is straightforward to check that profits of
incumbents and entrants read

(A.4)

2
SEYLUTTOR R (A
. 2+ m
and
2
”EZ%F%i%% = 75(l,m; ), (A0

respectively. We implicitly assume parameter configurations such that 7'>0 and #f>0
throughout. For 7' >0, (A.5) implies that condition A<g(/)(1 + 1/m) = 2 must hold. For
7t >0, (A.6) implies that condition 4> g(/)/2 = 4 must hold. It will become apparent, in
Proposition 1, that equilibrium R&D investment is decreasing in /4 and the equilibrium
number of firms is increasing in 4. Thus, in equilibrium, both /1 and A are decreasing /. This

implies that there exists both a unique 7 defined by A =7 and a unique 4 defined by
A = A.Hence, there exist both an upper bound for 1 such that incumbents are viable and a
lower bound for 4 such that entering firms are viable (i.e., A <4 </ must hold), as stated in the

exposition of the model (Section 3). Comparative-static results regarding #° immediately
follow from (A.6). To confirm comparative-static results regarding 7', use (A.5) to obtain

2[g(1) + mlg(D) — D24 — g(O]

A (,ml)=—
( ) (2 + m)3

m

(A7)
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The first term in square brackets is positive when 7' >0 and the second term is positive
when 7F>0. Thus, frl <0. Moreover, using (A.7), we obtain

A 2Qg0) + mig() = D] + 27 — g())24 ~ g(l)]

mm — (2 + m)4 (Ag)
T = 2gi(l)(g(l) + m(g(l) — 2) — (1 + m)[24. — g(D)]). (A.9)
"+ my

According to (A.8), whenever n' >0 (i.e., g(/) + m(g(l) — 2)>0) and =¥ >0 (i.e., 24> g())),
we have 7' >0. Accordmg to (A.9), 7T1m>0 if 22— g(!) is close to zero. Moreover, if

mm

A =g(l), then 7 nlm <0.As 7 n,m is decreasing in Z, this also implies that 7 nlm <0 for 2>g(l). The
remaining comparative-static results immediately follow from (A.5). This concludes the
proof. O

Proof of Lemma 2. Recall from (4) that pa®(/,m; 1) = F(b; y) in equilibrium. Using both
(3) and (A.6) and solving for m gives us

me— 229D 5 m(l, b; 2, 7). (A.10)

S+ )]
o

Comparative-static results immediately follow from (A.10). [

Proof of Proposition 1. Inserting m from (A.10) into (A.5), using (3), and rearranging
terms leads to

. 2
= 7', m(l,b; 1, 7); 2) = % (, /ﬁ[f + xh(b)] + g(I) — i) . (A.11)

Hence, using IT = pr! — [ — b, I* and b* are simultaneously given by first-order conditions

[Hpq%<w§v+mwn+m0—0¢m—l=m (A.12)
(MyV+me}+m0—l>W®)
[, =] V7 —1=0. (A.13)

i
P X X

Note that /y/p[f + xh(b)] + g(I) — A>0 for 7' >0 to hold, according to (A.11). Thus,

considering (A.12) reveals that I1;, >0, I1;; <0 and I1; >0, whereas (A.13) gives us I1,, >0

and I1,,<0. Moreover, notice that strict concavity of profit function IT implies I1,, <0,

IT; <0 and ITyI1y, — 1712,, > 0. Invoking Cramer’s rule, this leads to the following compara-

tive-static results:

ol
sgn <a/(> = sgn(—H/XH;,b + H]},H},Z)>O, (A.14)

ol*
sgn (EM) = sgn(—1I1; Iy, + p;1115) <0, (A.15)
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ob*

sgn ( a}{) = sgn(—Iylly, + Hyll;,) >0, (A.16)
ob*

sen( 57 ) = sgn(—I Iy, + Hyll;;) <0. (A.17)

Finally, applying (A.14)-(A.17), the comparative-static results regarding m* =
m(l*,b*; 4, y) follow from (A.10). This concludes the proof. [

Proof of Lemma 3. First, note that the symmetry implies that for all i, output is the same
among incumbents and among entrants, which we denote by x* and xF*, respectively,
t>=1. Using (10) together with the facts that, in equilibrium, for all i and #>1, we have

N,y = 1+ m*, ¢'(i) = A,_19(I") = ¢ and ¢F(i) = 14,_1 = ¢F*, we then find

- * * * m* —1 *
Y[(Z) = q; xi* _ %(x{ )2 + m*[qF*XF — (XF*)Z] _ '))m*x}:l* |:x£* + 2 xF :| (Alg)
for all i, >1. Moreover, (A.3) implies that
Ix * * *
X (m*+ Dg(l") =m*A _ 4 .
L — =X (I*,m"; 1), A.19
I~ C+m) (Foms ) (A19)
Ex 2} — g(*
Y1 22200 kg ), (A.20)

Aoy Q+m9)
Hence, using (A.18)—~(A.20), A,_, = A(*,m*; )" ' 4y from (13) and B, = (4,_;)*, we have

C, = Ay A, m*; 2V O*, m*; 1) (A.21)
for =1, according to (9), where

O*,m*; ) =1 — I* — b* + g(I"X'(I*,m*; ) — %Sc](l*,m*; 2
L%
2
—ym* {fcl(l*,m*; DXE,m*; ) +

+mt [ME(J*, m*; 2) — 3B, m*; 2)?
m* — 1
2

R, m*; /1)2] . (A.22)

Lemma 3 then follows from expression (A.21). O
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