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a b s t r a c t

This paper investigates the relationship between competition and investment in the
wireless industry from a dynamic perspective. Using firm level data and instrumental
variable estimation strategy, it finds that the relationship is inverted-U shaped. The in-
vestment maximising intensity of competition is reached when operators' gross profits
represent 37 or 40 per cent of their revenues, depending on whether capital expenditures
are normalised by the number of subscribers. This finding means that investment in-
creases with competition as long as operators' profits are above the thresholds of 37 or 40
per cent of their revenues. Under these thresholds, there is a tradeoff between competi-
tion and investment. The paper also finds a significant long run effect of competition on
investment which amplifies the short run effect by a factor of 3–4.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The relationship between competition and investment is the topic of a vast body of economic literature. Although the
debate on the issue has been lively for many decades, no clear-cut conclusion has been reached so far. There are two main
opposing views about the nature of this relationship. The Schumpeterian view highlights that large firms in more con-
centrated markets are more likely to invest, while the Arrow's view emphasises the virtues of competition, which stimulates
investment to escape competition.1 Theoretically, the relationship between competition and investment is ambiguous. For
instance, Sacco and Schmutzler (2011) find a U-shaped relationship, whereas Belleflamme and Vergari (2011) predict an
inverted-U shaped relationship. Schmutzler (2013) argues that: “The relationship between competition and investment is
not affected in an unambiguous way by the level of pre-existing competition”. As the theory is not conclusive, empirical
evidence is needed for each specific industry.

This paper takes advantage of firm level data on wireless operators worldwide to estimate the relationship between
competition and investment in the wireless industry. The intensity of competition is measured at the firm level on the basis
of the Lerner index of monopoly power, and investment is measured as total or per subscriber capital expenditures. Some
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empirical papers investigate the relationship between competition and investment in the wireless industry, but they all
assume a linear relationship and do not correct for the endogeneity of competition.2 This paper employs non-parametric
identification strategies, in particular, a locally weighted scatterplot smoothing and a local polynomial smoothing to identify
the shape of the relationship without making any a priori assumption. It corrects for endogeneity by using an instrumental
variable estimation strategy and a Generalised Method of Moments estimator. The causal impact of competition on in-
vestment stems from cross-operators’ differences in competition intensity due to their date of entry into the market and lags
of competition intensity. The paper also accounts for the speed of adjustment of investment in the wireless industry by
formulating a dynamic model linking investment to a quadratic function of competition, controlling for the lagged values of
investment as well as market and operators' characteristics.

The non-parametric methods suggest an inverted-U shaped relationship between competition and investment in the
wireless industry. This finding is confirmed by the econometric estimation and is robust to alternative measures of in-
vestment, modelling specifications and estimators. The relationship is also robust to heterogeneity in terms of demand and
cost parameters such as market size and network deployment cost. More specifically, a wireless operator's investment
increases with competition as long as its profit is above the thresholds of 37 or 40 per cent of its total revenue. These
thresholds depend on whether or not capital expenditures are normalised by the number of subscribers. Under these
thresholds, there is a tradeoff between competition and investment as more competition lowers operators’ investment in
wireless networks. In addition, the estimates suggest a significant long run effect of competition on investment which
amplifies the short run effect by a factor of 3–4.

The rest of the paper is organised as follows. Section 2 summarises the findings from the literature on the relationship
between competition and investment. Section 3 provides some background information to motivate the analysis of the link
between competition and investment in the wireless industry. Section 4 presents the dataset and the variables used in the
empirical analysis. Section 5 describes the econometric model and the estimation strategy. Section 6 presents and discusses
the results along with their policy implications. Section 7 summarises the main findings and concludes.

2. Related literature

As reviewed by Mathis and Sand-Zantman (2014), most papers dealing with the relationship between competition and
investment focus on investment in process or product innovation.3 According to Boone (2000), investment in process in-
novation lowers the marginal cost of production for a given product, whereas investment in product innovation affects
consumers' preferences. This latter introduces new products without necessarily affecting the quality or the marginal cost of
production of existing products. Investment in wireless networks can be viewed as expenditures in both process and
product innovation. Not only it reduces the marginal cost of each unit of information due to technological progress, but also
it introduces new product into the market.4 Therefore, the findings from the literature on the relationship between com-
petition and innovation apply to the wireless industries.

The relationship between competition and innovation is the subject of a long standing debate initiated by Schumpeter
(1942) and Arrow (1962). Two conflicting views lie at the heart of this debate. On the one hand, Schumpeter points out the
role of firm's size, financial constraints and more specifically the incentive of a monopoly to invest more than a firm in a
competitive market (Schumpeter, 1942).5 This view is driven by the efficiency effect as epitomised by the findings of Gilbert
and Newbery (1982). The efficiency effect refers to the theoretical finding that an efficient monopolist always gets bigger
profit than two uncoordinated duopolists altogether.6 The argument made by Gilbert and Newbery can be summarised as
follows: due to the efficiency effect, a monopolist would lose more than a potential entrant by not innovating.7

On the other hand, Arrow's view emphasises that a firm in a competitive market has more incentive to innovate than a
monopoly due to the escape-competition effect (Arrow, 1962). The escape-competition effect corresponds to the profit ad-
vantage of being the technological leader in a competitive market, compared to a monopoly. Indeed, when investment in a
cost-reducing technology yields an exclusive and unlimited right, the difference between ex ante and ex post profits is larger
in a competitive market than in a monopoly. This is because a firm in a competitive market earns lower profit ex ante
compared to a monopoly. However, the Arrow's view can also be interpreted as a replacement effect because the monopoly
has lower incentive to invest in a new technology due to the opportunity cost of replacing its old technology (Tirole, 1988).

2 See Garrone and Zaccagnino (2015) who find no correlation between competition and investment in fixed and mobile networks, and Kang, Hauge,
and Lu (2012) who find a positive correlation between market concentration and investment in the Chinese wireless market.

3 Note that some papers like Tang (2006) argue that firms' perceptions of the intensity of competition are also important determinants of innovation.
4 In practice, wireless services based on new technologies are often labelled as a product innovation. This is true from consumers' perspective as they

purchase greater allowance at the same price. However, from the firm's perspective, they actually correspond to process innovations.
5 He also emphasises the role of competition in the form of a threat of entry.
6 See Tirole (1988, chap. 8, section 8.6.2.1) for an exposition of this effect.
7 Consider a race for innovation between an incumbent monopoly and a potential entrant. Winning the race amounts to a reduction in the marginal

cost of production from c̄ to c . If the entrant wins the race, it gains the asymmetric duopoly profit denoted by Π ( )cd , whereas the incumbent's profit
becomes Π ( ¯)cd . In case the monopoly wins the race, it gains the efficient monopoly profit Π ( )cm . The monopolist incentive to win the race is the difference
Π Π( ) − (¯)c cm d , whereas the entrant's incentive to invest is Π ( )cd . Because of the efficiency effect, Π Π Π( ) − (¯) > ( )c c cm d d . Therefore, the monopoly has
more incentive to invest in order to win the race than the entrant.
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