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Using a simple but general two-stage framework, this paper identifies the circumstances underwhich increasing
competition leads to more cost-reducing investments. The framework can, for instance, capture increasing
substitutability for different types of oligopoly models or changes from Cournot to Bertrand competition. The
paper identifies four transmission mechanisms by which competition affects investment. For a firm with lower
initial marginal costs (higher efficiency), a positive effect of competition on investment is more likely. Positive
spillovers support a negative effect of competition on investment. The relation between competition and
investment is not affected in an unambiguous way by the level of pre-existing competition.
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1. Introduction

Even though economists have been trying to understand the effects
of the intensity of competition on R&D-investment for decades, the
issue remains unsettled. Reasonable theoretical models can support
positive, negative or non-monotone relations between competition
and investment. These ambiguities reflect many modeling differences,
concerning in particular the meaning of increasing competition.1

Similarly, empirical research also has been inconclusive.2

This paper provides a uniform framework for analyzing the effects
of competition on investment in a transparent way. Rather than
attempting to identify an unambiguous relation between competition
and investment, I ask: How does the effect of increasing competition
on cost-reducing investments depend on characteristics of firms,

technologies, markets and institutions, and on the specific notion of
competition? The paper is not just of theoretical value. It provides a
framework for empirical analysis, because it leads to various testable
implications.

The model captures several notions of increasing competition and
different types of oligopolies. To reveal the intuition in the most trans-
parent fashion, I opted for simplicity otherwise by considering a two
stage-duopoly. One firm (the leader) may be exogenously more effi-
cient than the other one (the laggard), that is, it may have lower mar-
ginal costs.3 Firms simultaneously choose cost-reducing investments
before they engage in product market competition, which is treated
in reduced form.4 Many well-known examples are special cases. The
main contributions are as follows.

The reduced form framework helps to understand the economic in-
tuition behindmany examples. In particular, I identify four transmission
channels by which competition affects investment. Specifically, I obtain
the following observations concerning the determinants of the effects of
competition on investment: (i) Increases in the initial efficiency of a firm
relative to the competitor support a positive effect of competition on
investment. (ii) Higher positive spilloverswork towards a negative ef-
fect of competition on investment. (iii) Increases in the initial level of
competition have an ambiguous effect on the relation between

International Journal of Industrial Organization 31 (2013) 477–487

☆ An earlier version of this paper was circulated under the title “The relation between
competition and investment— Why is it such a mess?”
☆☆ I am grateful to the editor, Yossi Spiegel, an anonymous referee, to Aaron Edlin,
Helmut Bester, Donja Darai, Peter Funk, Dennis Gärtner, Richard Gilbert, Georg Gö tz,
Daniel Halbheer, Andreas Hefti, Arnd Klein, Igor Letina, Tobias Markeprand, Peter Neary,
Dario Sacco, Rahel Suter, Xavier Vives and seminar audiences in Aarhus, Basel, Bonn
(Max-Planck-Institute), Berkeley, Cologne, Copenhagen (CIE workshop), Istanbul
(EARIE), Karlsruhe (IO Panel, Verein f ür Socialpolitik), Tel Aviv (Recanati) and Zurich for
helpful discussions. Lukas Rühli provided valuable research assistance. The paper is part
of the SNF project 100012-113447/1.

⁎ Department of Economics, University of Zurich, Switzerland. Tel.: +41 44 63 42271.
E-mail address: armin.schmutzler@econ.uzh.ch.

1 See Gilbert (2006) and Schmutzler (2010) for recent surveys.
2 See Gilbert (2006) for an elaboration of this point.

3 We also allow for the case that both firms are identical.
4 The setting rules out situationswhere the investments are not observable by compet-

itors and therefore have no strategic effect in the product market. Vives (2008) considers
this case.
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further competition and investment; expressed differently, U-
shaped and inverse U-shaped relations between competition and in-
novation are possible.

Section 2 introduces the general model and defines competition in
terms of its effects on equilibrium outputs and margins. It also presents
examples of the general model and shows how competition affects
investments in these examples. Section 3 derives properties of profits
as functions of costs and the competition parameter. Section 4 discusses
the comparative statics implications of these propertieswithin the basic
model. Section 5 discusses related literature very briefly.5 Section 6
concludes.

2. The model

I shall consider a class of two-stage games. The assumptions are
formulated as relations between equilibrium outputs and margins on
the one hand and the degree of competition and the cost structure of
the firms on the other. These assumptions are intuitively plausible, and
they will be shown to apply in the examples below (see Section 2.2).

2.1. Game structure

2.1.1. Basics
Initially, firm i ∈ {1,2} has constant marginal cost ci

0. In period 1,
given (c10,c20), firms i = 1, 2 choose investments yi, with an increasing
and convex cost function K(yi). In period 2, firm i has marginal costs
ci = ci

0 − yi − λyj, where λ ∈ [0,1] is a spillover parameter and j ≠ i.
It will often be convenient to specify an arbitrary exogenous reference
level c∈R and to write Y0

i ¼ c−c0i and Yi ¼ c−ci for the firm's efficiency
level before and after investment.6 Clearly, Yi = Yi

0 + yi + λyj.
A parameter θ∈Θ⊂R captures the intensity of competition; here

Θ ¼ θ; θ
� �

or θ; θ
� �

for some θbθ. The defining properties of θ will be
introduced in Section 2.1.2.

The demand function for firm i is qi(pi,pj;θ); it is weakly decreasing
(increasing) in pi (pj). The product–market game is assumed to have a
unique pure Nash equilibrium for each θ ∈ Θ and Y1; Y2ð Þ∈Y ≡ Y 1;Y1

� �
×

Y 2; Y2
� �

, whereYi≤candY i≥c−c0i (i = 1, 2).7 TheNash equilibriumcor-
responds to prices pi(Yi,Yj;θ) for i = 1, 2; j ≠ i.8 I assume that pi(Yi,Yj;θ) is
weakly decreasing in Yi and Yj, j ≠ i. The following notation will be used:

1 Equilibrium marginsMi Yi;Y j; θ
� �

≡ pi Yi; Y j; θ
� �

−cþ Yi

2 Equilibrium outputs Qi(Yi,Yj;θ) ≡ qi(pi(Yi,Yj;θ), pj(Yi,Yj;θ); θ)
3 Gross equilibrium profits Πi(Yi,Yj;θ) = Mi(Yi,Yj;θ)⋅Qi(Yi,Yj;θ)

I will assume thatMi, Qi and thusΠi are twice continuously differen-
tiable in Yi and Yj and, whenever Θ ¼ θ; θ

� �
, continuously differentiable

in all variables wherever the respective function takes positive values.
I use subscripts to denote partial derivatives of these functions. For

instance,Mi
i ≡ ∂Mi

∂Yi
;Mi

j ≡ ∂Mi

∂Y j
;Mi

θ ≡ ∂Mi

∂θ ;Mi
ij ≡ ∂2Mi

∂Yi∂Y j
;Mi

iθ ≡ ∂2Mi

∂Yi∂θandM
i
jθ ≡

∂2Mi

∂Y j∂θ
. Analogous notation applies to Qi and Πi.

The following convention will be used:

Convention. Whenever I refer to the functions Mi, Qi and Πi and their
derivatives as being decreasing (increasing) in an argument, this property
is required to be strict only on the set of Yi; Y j; θ

� �
∈ Y i;Yi
� �

× Y j;Y j

h i
×Θ

such that θNθ and Qi(Yi,Yj;θ) N 0 and Qj(Yj,Yi;θ) N 0.

This convention takes care of the possibility that changes of a vari-
able have no effect in some parameter regions because the firm is so
inefficient that outputs, margins and profits are zero. It also allows for
the possibility that, when competition is very weak, the efficiency of
the competitor has no effect on own outputs, margins and profits.

The following assumptions will be made throughout the paper,
and they hold in examples E1–E5 below.

(A1) Qi(Yi,Yj;θ) is (i) increasing in Yi, (ii) decreasing in Yj, j ≠ i.

A1(i) requires that the output increase implied by the own price re-
duction dominates the output reduction from the competitor price
reduction; similarly for (ii). In line with the above convention, I do
not require strict monotonicity everywhere for two reasons. First,
when one firm has sufficiently low Yi, its outputs may be zero and
thus constant for non-degenerate sets of Yi, Yj; θ. Second, if θ ¼ θ
corresponds to the case that firms produce sufficiently unrelated
products that firms do not compete, it is natural to assume that Qi

is independent of Yj, at least when there are no spillovers.

(A2) Mi(Yi,Yj;θ) is (i) increasing in Yi, (ii) decreasing in Yj, j ≠ i.

AsMi Yi; Y j; θ
� � ¼ pi Yi;Y j; θ

� �
−cþ Yi andMi

i ¼ ∂pi
∂Yi

þ 1, A2(i) requires
that cost reductions are larger than induced price reductions; simi-
larly for (ii).

The investment game reduces to a one-stage gamewith payoff func-
tions

πi yi; yj; θ
� 	

¼ Πi Y0
i þ yi þ λyj; Y

0
j þ yj þ λyi; θ

� 	
−K yið Þ: ð1Þ

I assume that there exists a unique interior subgame perfect
equilibrium (y1(Y10,Y20,θ), y2(Y10,Y20,θ)).9 For simplicity, I write yi(θ) ≡
yi(Yi0,Yj0,θ).

2.1.2. Defining competition
I now introduce intuitive assumptions on the relation between θ and

equilibrium outputs and margins. These assumptions hold in examples
E1–E5 below and in many other examples.10

(C1) Mi(Yi,Yj;θ) is decreasing in θ.

The property that competition reduces margins is standard.

(C2) Qi
i is increasing in θ.

Thus the positive effect of lower costs on output is higherwhen compe-
tition is intense, reflecting the increasing relevance of business-stealing.
For the next property, the following definition is useful:

Definition 1.

(i) Firm i with efficiency level Yi
m is marginal given (Yj;θ) if

Qi(Yi,Yj;θ) = Mi(Yi,Yj;θ) = 0 for all Yi ≤ Yi
m and Qi(Yi,Yj;θ) N 0

and Mi(Yi,Yj;θ) N 0 for all Yi N Yi
m. Firm i is potentially marginal

given (Yj;θ) if there exists aY
m
i ∈ Y i;Yi
� �

such that firm i is marginal
given (Yj;θ) if it has efficiency level Yim.

(ii) Firm i is dominant given (Yi;θ) if Yj ≤ Yj
m for j ≠ i. Firm i

is potentially dominant given (Yj;θ) if there exists a Yd
i ∈ Y i;Yi
� �

such that firm i is dominant given (Yj;θ).5 See Schmutzler (2010) for a more detailed treatment of related literature.
6 The choice of c is arbitrary; to simplify calculations, I usually choose c ¼ 0 or c ¼ a,

where a is the maximal willingness to pay for any unit of the good.
7 The restrictions reflect the requirement that 0 ≤ ci ≤ ci

0.
8 For price competition, pi(Yi,Yj;θ) is the equilibrium price; for quantity competition, it

denotes the market clearing price for equilibrium outputs.

9 Often, equilibria where only one firm invests coexist with the symmetric equilibria.
Also, in some parameter regions all pure-strategy equilibria are asymmetric. I ignore such
equilibria in the following.
10 Appendix 2 gives the margins and outputs for E1–E5.
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