Available online at www.sciencedirect.com
INFORMATION
ECONOMICS
AND POLICY

Information Economics and Policy 20 (2008) 75–88
www.elsevier.com/locate/iep

Competition and irreversible investments under uncertainty q
Michele Moretto *
Department of Economics, University of Padova, Via del Santo 33, 35100 Padova, Italy
FEEM, Milan, Italy
Received 27 June 2006; received in revised form 28 October 2007; accepted 30 October 2007
Available online 7 November 2007

Abstract
We examine the eﬀect of competition on investment decisions in an industry in which each ﬁrm has a completely irreversible investment opportunity and the product market has positive externalities for a small market size and negative
externalities for a large market size. In the latter case, which corresponds to the traditional competitive industries, ﬁrms
invest sequentially as market proﬁtability develops. In the former case, which corresponds to industries in which investment is mutually beneﬁcial, ﬁrms invest simultaneously after the market’s proﬁtability has developed suﬃciently to gain
all network beneﬁts and to recover the option value of waiting. These extensions of a ‘‘real options” analysis may help
explain rapid and sudden developments such as recent Internet investment, or explain the late take-oﬀ phenomenon of
prolonged start-up problems, such as the case of fax machine production.
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1. Introduction
Investment is deﬁned as the act of incurring an immediate cost in the expectation of future payoﬀ. However,
when the immediate cost is sunk (at least partially) and there is uncertainty over future rewards, the timing of
the investment decision becomes crucial (Dixit and Pindyck, 1994, p. 3). In particular, irreversibility and
uncertainty make ﬁrms invest only when the value of the investment is more than the value of the option
of waiting before making an irreversible decision.
This paper extends this model, taking strategic interactions into account. Speciﬁcally, we analyze the eﬀect
on competition on ﬁrms’ optimal investment strategies in an industry having a large number of identical ﬁrms
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engaged in an investment game to enter a new product market. We consider a sector where each ﬁrm has only
one completely irreversible investment opportunity and the market has an inverted U-shape relation between
proﬁts and industry size. That is, positive externalities tend to dominate for low initial market size, while negative externalities dominate at higher market levels.
Although we do not refer to a particular product, there are many markets that have greater proﬁtability
when more than one ﬁrm has already invested. In the case of goods with ‘‘network externalities”, consumer’s
advantage increases as the total number of consumers purchasing the same or compatible brands increases. An
example is the decision by rival ﬁrms to set up an interconnected network to satisfy an interdependent demand
for telecommunication services by many potential customers (Rohlfs, 2001, p. 34).1 Another relevant case
involves a high degree of complementarity between diﬀerent goods e.g. for software and hardware (Katz
and Shapiro, 1985). Generally, software packages are produced by many ﬁrms so that they can be used by
the same hardware. Thus, the greater the variety of software supporting a certain hardware, the greater the
value of this hardware and the greater the advantage consumers directly gain from the variety of software supporting that hardware. Some authors refer to this as ‘‘indirect network externalities” (Shy, 2001, p. 52 ) or
‘‘complementary bandwagon eﬀects” (Rohlfs, 2001, pp. 47–48).2 In other cases, the utility of each consumer
decreases as more consumers buy the good. This occurs because of congestion, as the communication and
information-based industries are recently experiencing. Even though the introduction of a new Web site
increases the value of the Internet to every existing user, the progressive increase of its use increases congestion
measured in term of excessive delay of transmission (longer connection time spent to load a Web page) or loss
of service altogether (Odlyzko, 1999). Congestion then reduces consumers’ utility of joining the Internet and
passes this disadvantage to the ﬁrms by reducing the demand of access.3
The negative externalities case corresponds to the traditional competitive industry in which the investment
of one ﬁrm lowers the proﬁtability of the others. In this case the introduction of competition has two opposing
eﬀects which oﬀset each other. Firstly, competition reduces the expected proﬁt ﬂow that derives from the
investment, which tends to delay investment. Secondly, competition introduces a strategic beneﬁt in favour
of the investment as it deters the investments by rivals. Leahy (1993) ﬁrst discovered this property, showing
that the optimal investment strategy of a competitive ﬁrm is equal to that of a single ﬁrm in isolation. In this
case, ﬁrms enter sequentially as market proﬁtability increases.
On the contrary, when investments are mutually beneﬁcial, the optimal investment policy is essentially a
question of coordination. As the timing of a ﬁrm’s entry is inﬂuenced by the entry decisions of others, Leahy’s
result cannot be applied. Two equilibria can emerge: either the industry remains locked-in with no entry as
long as very pessimistic expectations dominate the market, or a mass of ﬁrms simultaneously runs to enter,
driven by the expected rents generated by the positive externalities.4 Excluding the former, we show that this
‘‘network run” is triggered when the proﬁtability of the market has developed suﬃciently to allow the ﬁrms to
capture all bandwagon beneﬁts and to recover the option value of waiting due to the irreversibility. This also
determines endogenously the optimal start-up size of the industry.
Therefore, our model is an extension of the dynamic equilibrium in a competitive industry presented by
Leahy (1993) and Dixit and Pindyck (1994, chapter 5).5 Furthermore, Nielsen (2002), focusing on a duopoly
model with positive externalities, predicts a similar result to ours, namely that ﬁrms invest simultaneously at
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Other examples are access to the web via Internet Service Providers, mobile phones using a particular standard (GSM, CDMA),
Electronic Messaging System (EMS), videotext system, etc.
2
Rohlfs (2001) coined the term bandwagon eﬀect for the beneﬁt that a person enjoys as a result of others’ doing the same thing that he
or she does, and speciﬁcally he used the term network externalities for the bandwagon eﬀect that applies to the user set of a communication
network.
3
See, for example, DaSilva (2000) and Falkner et al. (2000), for a survey on the literature on how to price congestible networks as
Internet.
4
This is what Rohlfs (2001, pp. 16–17) deﬁnes a ‘‘chicken-egg problem”; nobody joins the network because the size of the network is
zero, but the size of the network is null because no one has joined it.
5
Baldursson (1998) and Grenadier (2002) extends Dixit and Pindyck’s model considering Cournot–Nash competition. Their analysis
indicates that although qualitatively the investment process is similar in oligopoly and competitive equilibrium, oligopoly quantitatively
slows investment.

