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Introduction

A long tradition in the theory of industrial organization has shown that firms’ strategies
(such as pricing, investment, innovation, mergers and acquisitions) can affect efficiency,
either directly or indirectly, through changes of market structure. For this reason,
public intervention may in some cases be called for, either ex ante (regulation) or ex
post (via competition policy). In this respect, competition in network industries, such
as telecommunications, energy, and digital services, is an essential topic of industrial
organization. Indeed, along with digital transformation, network industries are in
continuous evolution and are a critical driver of economic growth.
Network industries are concentrated markets. They are characterized by the presence
of network externalities, sunk costs and economies of scale and scope. Increasing returns
to scale favor concentration and the emergence of large firms, which is why network
industries are subject to strong scrutiny by competition authorities (CAs) and regulators.
In this thesis, I study firms’ strategies in network industries. I first discuss firms’
incentives to merge and merger policy. Second, I examine firms’ investment strategies
in new network infrastuctures. Third, I consider the competitive framework of digital
markets and the role of privacy in the competition between digital players.
1

2
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1

Firms’ incentives to merge and merger policy

Firms deploy strategies to reinforce their market power and their ability to invest and
innovate. Among them, firms may decide to merge. Because mergers impact social
welfare, most countries have laws requiring CAs to examine mergers. The role of CAs
is to identify the main circumstances under which a merger should or should not be
authorized. For instance, US and European CAs adopt a consumer-surplus standard,
that is, a merger is considered anti-competitive if it reduces consumer surplus.

1.1

Welfare impact of mergers

Mergers can impact market competition in two ways. First, a merger may allow the
merged firm to unilaterally exert market power and raise prices. Second, a merger may
favor collusive behaviors, and thereby increase prices. 1 In what follows, I focus on the
unilateral effects of mergers.
Unilateral effects. The unilateral effects of mergers are linked to the increase in
market power of the merged firms; absent efficiency gains, a merger harms consumers
and society at large. Let us briefly review the main determinants of unilateral market
power.
Market concentration. The lower the number of independent firms operating after a
merger, the more likely it is to be detrimental to consumers. For instance, in the case of
a merger to monopoly, the merged firm will not face competitive pressure in its pricing
decision. In contrast, if the market is fragmented (i.e., each firm has a very low market
share), the impact of a merger on the market will not be significant. 2
1

In the US merger policy, collusive effects are also called coordinated effects; a merger is evaluated
according to the “substantial lessening of competition” test, i.e., the risk that the merger can reduce
competition and raise prices. The EU merger policy employs a dominance test, where joint dominance
is associated to pro-collusive effects.
2
A measure of market concentration can be obtained with the Herfindhal-Hirschman Index (HHI).
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Market share. Farrell and Shapiro (1990) determine that the lower the market share
of the merging firms the less negative is the effect on prices. McAfee and Williams
(1992) show that mergers resulting in a new largest firm and mergers which increase the
size of the larger firm always reduce total welfare. Therefore, a merger which involves
firms with low market shares is unlikely to have major adverse effects.
Ease of entry. The ease of entry can limit firms’ ability to raise prices post merger.
For instance, firms which may find it unprofitable to enter the industry at pre merger
prices could decide to enter if the merger is price-increasing. Anticipating this effect,
post merger prices might not rise (or if not, an increase would be only transitory).
However, the effect of the ease of entry on restraining market power depends on sunk
costs; the higher the sunk costs that an entrant has to incur, the larger the scope for a
price increase. 3
Other important indicators of market power are the characteristics of demand (e.g.,
presence of high switching costs, and in general, a low demand elasticity) and buyer
power (e.g., a high degree of concentration of the buyers so that upstream market power
is constrained through the threat to withdrawing orders from one seller to give them
to another).
Efficiency gains. Efficiency gains may offset the enhanced market power of the
merging firms, in which case the merger increases welfare (Williamson, 1968). Efficiency
gains can be of different nature. They can be due to the existence of economies of scope
It is one screening device for unilateral effects of mergers: all things being equal, one should worry
more about a merger in an industry which is highly concentrated than about one which happens in a
fragmented industry.
3
Merger policy (EU Merger Regulation, 2004; US Merger Guidelines, 2010) clearly takes into account
the impact of entry when evaluating the impact of a merger. For instance, in the US Merger Guidelines,
it is stated that:
“A merger is not likely to enhance market power if entry into the market is so easy that
the merged firm and its remaining rivals in the market, either unilaterally or collectively,
could not profitably raise price or otherwise reduce competition compared to the level
that would prevail in the absence of the merger. ”

4
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(i.e., lower costs due to joint production) and economies of scale (i.e., a proportionate
saving in costs gained by an increased level of production). Efficiencies may also
arise from synergies in R&D, marketing activities, cost savings in administration, and
rationalisation of distribution.
CAs require efficiency gains to be merger-specific. The European Commission (EC)
requires efficiencies to be verifiable, merger-specific, and beneficial to consumers, the
three being cumulative conditions. 4
Merger remedies. In order to accept a merger, CAs may require remedies to the
merging parties. Merger remedies are of two types: (i) structural remedies modify the
allocation of property rights, while (ii) behavioral remedies constrain the merging firms
property rights.
Structural remedies. CAs might require merger remedies in the form of a divestment
of assets in order to avoid (post-merger) potential anti-competitive effects. The divested
assets can be acquired by an entrant or an existing competitor. An issue is to ensure
that the divested asset acquirer will be an active competitor in the market.
Behavioral remedies. They mainly consist of commitments that aims at guaranteeing
a level playing field for non-merging firms (for instance, by ensuring the purchase or use
of some key assets or technologies owned by the merged firm). 5
Ensuring the effectiveness of merger remedies is an issue for CAs. In a report on the
anti-competitiveness of mergers (EC, 2017b), the EC has questionned the effectiveness
of its remedy policy and expressed its clear preference for structural remedies. It is
argued that considering the merger wave in the telecommunications industry, many
mergers could not have been approved in absence of structural remedies, given the high
4

In other words, efficiency gains need to be fully documented, that is, (i) synergies that could be
achieved through less anticompetitive means (e.g., via internal growth) would not be recognised, and
(ii) savings on fixed costs would not be accepted as they would not lead to lower prices.
5
Behavioral remedies can also be in a contractual form. For example, the merging parties can be
obliged to license a given technology to a rival (i.e., a “quasi-structural” remedy).
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level of concentration of this network industry.
Notably, the telecommunications industry is subject to competition policy but also to
strong sector-specific regulation. In what follows, I focus on competition policy aspects.

1.2

Competition policy and mergers in network industries:
the case of telecommunications.

Since the liberalization of telecommunications in the 1990s, CAs have primarily cared
about limiting the market power exerted by the former monopolists in order to encourage
entry and innovation. CAs have paid special attention to the issue of unilateral effects
after a merger between mobile network operators (MNOs). The telecommunications
market is very concentrated due to high entry barriers for new players which would
like to roll-out network infrastructures (mobile or fixed). In particular, a significant
entry barrier exists for mobile, because spectrum, which is an essantial input for mobile
operators, is a scarce resource, auctioned periodically and at a high price. This is why in
the EU, the EC has encouraged the entry of mobile virtual network operators (MVNOs).
To guarantee a competitive environment, a challenge for CAs is to enforce an effective
merger policy. In this respect, let us discuss some important four-to-three mergers
between mobile operators investigated by the EC.
In 2014, H3G/O2 merger 6 in Ireland was conditionally approved by the EC. To
mitigate potential loss of competitive pressure due to this four-to-three merger, H3G
negotiated a set of remedies: ensuring the entry of new MVNOs, the continuation of the
network sharing agreement with Eircom, 7 the provision of wholesale network access to
at least two MVNOs with an option for one of them to become an MNO by acquiring
some of the company’s spectrum capacity.
6
7

Case M.6992 - Hutchison 3G UK/Telefonica Ireland.
Eircom was the third and smallest network operator. It had a network sharing agreement with 02.

6
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More recently, EC merger policy has become stricter, especially in terms of remedies.

In 2016, the EC refused the (four-to-three) merger between Telefonica and H3G in the
UK.8 On top of competitive concerns over this merger (e.g., the risk of lower investment
in infrastructures, the potential elimination of MNVOs), the EC found that the remedies
proposed by H3G were not sufficient to offset these serious concerns. In 2016, TeliaSonera
and Telenor aborted their merger project 9 because of the extent of merger remedies
required by the EC, in particular, the entry of a new competitor. 10
Telenor and TeliaSonera’s main argument in favor of their merger was that it would
increase their ability and capacity to invest in new network infrastructures. However,
the view that mergers, or a lower number of competitors, impact positively investment
has been challenged by the EC. Using a theoretical framework, Motta and Tarantino
(2018) show that a merger might increase total investments and consumer surplus only if
it entails sufficient (merger-speficic) efficiency gains. Bourreau and Jullien (2018) show
that a merger may lead to more investment in coverage, absent any synergies. Using
an empirical framework, Houngbonon and Jeanjean (2017) determine that in the long
run, investment eventually falls with the number of operators. Genakos, Valletti, and
Verboven (2018) find that more concentrated markets lead to higher end user prices and
increase investment per mobile operator.

Firms may choose to expand not only to their respective domestic markets, but also
to foreign markets by acquiring foreign companies, i.e., through cross-border mergers.

8

Case M.7612 Hutchison 3G UK/Telefonica UK.
Case M.7419 TeliaSonera Denmark/Telenor Denmark.
10
For more details on the impact of mergers in telecommunications, see Analysys Mason, DIW Berlin,
and Lear (2017).
9
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(b)

Figure 1 – (a) Mergers and CBMs in EU and EEA from 2008 to 2012; (b) Share of
CBMs in network industries (as % of total number of mergers).

1.3

Cross-border mergers

Cross-border mergers (CBMs) are deals between foreign companies and domestic firms.
In a changing environment impacted by globalization, there has been an increasing trend
on CBM activity. Between 2008 and 2012, the number of mergers in Europe decreased
while the number of CBMs increased (Figure 1a). 11
In the literature, it is considered that CBMs are primarily undertaken to gain
access to complementary firm-specific assets (Nocke and Yeaple, 2008), capabilities that
are non-mobile across countries (Nocke and Yeaple, 2007), or country-specific assets
(Norback and Persson, 2007).
CBMs can serve as a tool to achieve policy objectives such as the market integration
of a regional market. This is in this context that in the EU, the Cross-Border Mergers
directive (CBMD, 2005/56/EC) has been implemented. The CBMD has created a
framework for CBMs and aims at facilitating them. More recently, there has been a
proposal for further simplification of CBM procedures. 12
11
12

Source: Bech-Bruun and Lexidale report on the Cross-Border Mergers Directive (CBMD), 2016.
See the amendment of Directive (EU) 2017/1132 (March 22, 2019).
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Cross-border merger and network industries in the EU. With the liberalization phase

of network industries in the 1990s and the EC’s will to build a single market across the
EU, CBMs in network industries have become a high-order issue. In Figure 1b, it can
be observed that between 1993 and 2005, CBMs in network industries experienced a
positive trend. 13
In a study of the performance of network industries providing services of general
economic interest (EC, 2006), it has been considered that in the context of market
integration, CBMs should be “likely to lead to spillovers and to the dissemination
of technological know-how”. In other words, CBMs are expected to enhance market
integration of network industries and to generate potentially high market-level synergies
in the EU internal market.
The internal market is often invoked in support of calls for more consolidation
in network industries, leading to the emergence of stronger European-level players.
However, it does not imply that all consolidation plans are cross-border. On top of
that, network industries are quite concentrated, meaning that efforts towards market
consolidation would often raise competitive concerns.

To conquer markets, firms may decide to merge not only in their respective domestic
markets (i.e., in-market merger) but also across borders. However, firms’ decision to
merge can have anti-competitive effects. In response, merger policy needs to set adapted
rules, ensuring a fair competition environment.
In the first chapter of the thesis, I examine the extent to which merger policy impacts
firms’ decision to merge in-market vs. cross-border.

13

Source: EC (2006).
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Investments in new network infrastructures

To expand, firms may need to invest in new network infrastructures. Firms’ investment
strategies have to be considered with regard to the liberalization of network industries
during the 1990’s and early 2000’s. A key question is how the regulatory framework has
adapted to this changing environment.
In what follows, I study this question in the context of the telecommunications
sector.

2.1

Regulatory framework in network industries

Since the 1990s, the telecommunications sector has profoundly evolved from regulated
monopolies to oligopolistic competition. The services offered have diversified (e.g., with
the introduction of fixed and mobile broadband access services) and are continuously
changing. As a result, the regulatory framework has also to evolve. For instance,
the presence of scale and scope economies and of network effects has called for the
introduction of asymmetric regulations to control the market power of incumbents (e.g.,
the unbundling of the local loop through which each incumbent telecommunications
operator make its local network available to other telecommunications operators).
Evolution of the regulatory framework. The regulatory framework has evolved through
three major phases. 14
The first phase was the liberalization phase, going from regulated monopolies to
service-based competition (i.e., when entrants use the incumbent’s infrastructure to
provide their services); it took place in the 1990’s in Europe. A crucial issue during
this phase was that entrant operators faced significant entry barriers. Indeed, due to
14

For a more comprehensive treatment of the regulatory framework in the telecommunications, see
Bourreau (2016).
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consumer switching costs, the incumbent operator controlling essential facilities (the
local loop), and the potential for entry deterrence (through agressive competition), the
challenge of regulation was to promote entry and competition. To reduce entry barriers,
several regulatory measures have been taken; among them, the privatization of the
incumbent operator and the rebalancing of tariffs with cost-oriented retail charges. By
regulating access charges, a move towards service-based competition has then followed.
The second phase is a transition phase from service-based to infrastructure-based
competition (i.e., when entrants use their own network infrastructure). This transition
phase can be well-described by the concept of the ladder of investment (Cave, 2006). The
basic principle of this approach consists of gradually offering potential entrants different
levels of access to the incumbent’s network. Entrants begin with acquiring access at a
level which requires little investment to provide their services. Then, as the entrants’
consumer bases grow, they are incentivized to invest in the network elements necessary
to bypass this first level of access. The entrants then “climb” the investment ladder,
and acquire access at the next level, and so on. The ladder of investment approach has
been widely adopted by CAs in Europe. Bacache, Bourreau and Gaudin (2014) provide
an empirical analysis of the ladder of investment. 15
The third phase is characterized by infrastructure-based competition (i.e., at the
top of the ladder of investment). At this phase, regulation is firstly concerned by
the transition from old technology networks (copper local loop) to new technology
networks (fiber). In this context, there has been intense debates in the EU on the
impact of the regulation of the unbundling of the local loop on the incentives to invest
in fiber. 16 Moreover, regulation is concerned with infrastructure-sharing and its impact
on investment and competition. This stems from the fact that infrastructure-sharing
15

According to ARCEP, “the development of competition in France since 1998 is a good illustration
of the theory of the ladder of investment”. See ARCEP (2007).
16
For a formal treatment of this question, see Bourreau, Cambini and Dogan (2012, 2014).
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can be a way to lower investment costs (thereby avoiding inefficient duplication of
networks) and foster infrastructure-based competition. In the EU, the EC has given
support in favor of co-investment agreements insofar as these agreements are believed to
allow better fiber coverage of a territory. 17 The new regulatory code explicitly considers
co-investment as a form of access.
Regulation faces a trade-off between an access-based model and an infrastructuresharing model (Bourreau, Cambini and Hoernig, 2018). These two modes of regulatory
intervention bring up the question of how to promote competition in geographic areas
where rolling out a network is very costly.
Let us now discuss the concept of universal service.

2.2

Universal Service

Universal service is the general principle that all users should be provided with a range
of basic but good quality services at affordable prices. The concept of universal service
is central in network industries (e.g., telecommunications, electricity, water), where
the costs of serving certain categories of users may exceed the associated revenues.
Governments and regulators pursue the goal of universal service for several reasons;
among them, equity and economic development.
Before the liberalization of telecommunications, restrictions were imposed on regulated monopolies in the form of universal service obligations (USOs), such as restrictions
on prices or the obligation to offer certain services in outlying geographic areas (Gautier
and Wauthy, 2010). The losses caused by these restrictions were usually financed through
large cross-subsidies, in particular from long-distance and business services. The opening
to competition and changes in technology questioned the sustainability of these USOs.
In the EU, the Universal Service Directive (2002) is the legislation which defines
17

See EC (2010).
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universal service for telecommunications. 18 To take into account the evolution of
technology, the Universal Service Directive has been revised in 2009. In particular, this
revision specifies that access to the public communications network should support
“functional access to the internet, taking into account prevailing technologies, used by
the majority of subscribers, and technological feasibility”. 19 As a result, it gives to EU
Member States a wider scope to define the exact terms of USOs. 20
Broadband and USOs. A key issue is the inclusion of broadband under USOs. The
main arguments in favour of USOs for broadband are (i) the importance of overcoming
the digital divide, and (ii) the positive role that broadband can play in encouraging
social and economic development. However, including broadband in USOs may have
negative effects. Indeed, it could distort markets, harm competition, and reduce private
investment in network infrastructures, particularly in outlying areas. On top of that,
other means are available to foster investment: for instance, State aid from Member
States or EU funding (e.g., the European Fund for Strategic Investments (EFSI)). 21
Gautier and Wauthy (2010) investigate in which way USOs, in the form of pricing
restrictions, alter competition between firms in prices and coverage.
The discussion on the extent of USOs brings to the more general question of the
role of public intervention in network industries.

2.3

Role of public intervention in network industries

The opening to competition of the telecommunications sector has been accompanied by
measures to provide a universal service. However, beyond the USO framework, public
intervention may take other forms occur. For example, public authorities may intervene
18

Directive 2002/22/EC.
Directive 2009/136/EC.
20
Various mechanisms exist to ensure the affordability of universal services for citizens. For instance,
EU Members States use mechanisms such as uniform pricing or price caps. See CERRE (2015).
21
See European Parliament (2016).
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if they consider that mechanisms in place are not sufficient to ensure the desired coverage
of the territory.
To foster investment in network infrastructures, public intervention can occur via
two channels: (i) a regulatory channel (i.e., to incentivize private operators to invest
more), and (ii) a financial channel (i.e., public investment in network infrastructures).
The objective of public intervention is to fix possible market failures. However, an issue
is to avoid the distortion of competition.
The impact of public intervention has to be considered with respect to the geographical market conditions of a territory, that is, the area type. Three types of areas are
commonly identified. First, white areas are regions where it is not profitable to invest
in a network infrastructure. Following public policy objectives, public authorities may
then legitimately intervene. Second, black areas represent regions where infrastructure
competition (between two or more private operators) is viable. In this case, public
intervention is hardly justified and may be harmful. Third, grey areas are regions where
there is only one network operator and where the probability that a competing network
will be deployed is small. In these areas, it can for instance happen that the network
operator has significant market power and provides a low quality of service with high
prices, or that some portions of the territory are not adequately covered. Depending on
market conditions, public intervention may then be necessary.
Framework of public intervention in the EU. Public funds, or State Aid, have
supported the deployment of broadband infrastructure in Europe since the early 2000’s.
Particularly since 2010, a growing trend towards the use of public funds by the EC and
Member States has been observed to foster broadband deployment. 22 This trend is all
the more important that the EC and Member States adopted the ambitious targets for
a Gigabit Society.
22

For a theoretical contribution of Jullien, Pouyet and Sand-Zantman (2010).
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Because State Aid may distort competition (as a particular company receives the

benefit of State Aid and others do not), it requires the application of a “balancing test”
under which any harmful effects are kept to an absolute minimum in order to achieve
the intended outcomes. If the conditions of the balancing test are not met, the proposed
State Aid will be unlawful. 23 Importantly, Article 108 of the Treaty of Lisbon requires
Member States to notify proposed State Aid measures to the EC for review. However,
the 2014 General Block Exemption Regulation (GBER) contains provisions to exempt
broadband State Aid projects from notification requirements. 24
Other forms of public funding fall outside the State Aid regime. For instance, if
public funds relate to services of general economic interest (SGEI), within the meaning
of Article 117(2) of the Treaty of Lisbon. Following the Altmark judgment of the
European Court of Justice (ECJ), 25 these services can be compensated with public
funding and does not constitute State aid when some cumulative conditions are met. 26
The framework of SGEI in the EU is further tackled in the EU guidelines for the
application of State Aid rules concerning the rapid deployment of broadband networks
(EC, 2013). The EC considers that in areas where private investors have already invested
in a broadband network infrastructure and are providing competitive broadband services,
23
See Article 107(1) of the Treaty of Lisbon for the criteria which determine whether a measure
represents State Aid.
24
Four conditions have to be met: (i) the total funds do not exceed e70 million, (ii) the area defined
is a white area, (iii) the recipient is subject to “the widest possible passive and active wholesale access”,
including physical unbundling of NGA services and access to duct and, (iv) the funds are allocated by
means of competitive tender and subject to clawback provisions.
25
This judgment was precised by the EC and is relative to the application of EU State aid rules for
compensating SGEI delivery. See Altmark Judgement (ECJ, July 24, 2003 - C280/00).
26
The conditions are: “(i) the recipient undertaking must have public service obligations and the
obligations must be clearly defined; (ii) the parameters for calculating the compensation must be
objective, transparent and established in advance; (iii) the compensation cannot exceed what is necessary
to cover all or part of the costs incurred in the discharge of the public service obligations, taking into
account the relevant receipts and a reasonable profit; (iv) where the undertaking which is to discharge
public service obligations is not chosen pursuant to a public procurement procedure which would allow
for the selection of the tenderer capable of providing those services at the least cost to the community,
the level of compensation needed must be determined on the basis of an analysis of the costs of a
typical well-run company.” See EC (2011).

3. COMPETITION IN DIGITAL MARKETS

15

setting up a parallel competitive and public broadband infrastructure would not be
considered as an SGEI, thanks to Article 106(2) TFEU (31). However, the EU guidelines
state that
“ Where it can be demonstrated that private investors are not in a position
to provide in the near future adequate broadband coverage to all citizens, a
public service compensation may be granted to an undertaking entrusted
with the operation of an SGEI (...).”
Thus, the EC’s objective is to set up effective rules allowing public intervention to
foster investment in poorly served areas while trying to maintain a fair competition
environment. 27
Public intervention in network industries is hotly debated. Legitimate considerations
relative to the extent of universal service have to be balanced with rules that ensure
an efficient market economy. On the one hand, public investments can compensate for
market failures in remote areas where private investment would not occur or would be
too long to materialize. On the other hand, public investments may distort market
competition and affect negatively private investment.
In the second chapter of the thesis, I examine the extent to which public investment
may crowd out private investment in network industries.

3

Competition in digital markets

The digital economy covers all business, economic, social and cultural activities that are
supported by the web and other digital communication and information technologies.
Digital technologies have lowered the cost of collecting, distributing and using data to
27

For a more comprehensive treatment of the framework of State Aid for broadband in Europe (and
more broadly the framework of public intervention), see CERRE (2018).
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reduce search costs. This evolution has led to the emergence of new business models which
involve the exploitation of user data. New concerns in terms of privacy and competition
have appeared (e.g., markets dominated by a few ecosystems and platforms). 28 The
emergence of the digital economy therefore raises new challenges for competition policy.
As stated in a recent report commissioned by the EC (Cremer, Montjoye and Schweitzer,
2019):
“The fundamental changes that the data and platform economy are bringing
about challenge many of the other types of rules and regulations which have
been tailored to deal with “old world” problems.”
In what follows, we first discuss the extent to which data has become a new type of
economic asset.

3.1

Data: a new type of economic asset

Big data, which refers to a process that is used when traditional data mining techniques
cannot uncover the insights and meaning of the underlying data, appears an essential
element of the digital economy. The amount of information generated on a daily basis
is increasing exponentially (Figure 2). 29

Figure 2 – Global expansion of data
28

By the end of September 2018, the first largest firms in the world by market capitalization (Apple,
Amazon, Microsoft and Alphabet) were in the digital industry.
29
Source: International Data Corporation Digital University Study.
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As a result, data is becoming a new driver of productivity and innovation. Firms
that adopt data-driven decision-making have been found to have a 5-6% higher output
and productivity (Brynjolfsson, Hitt, and Kim, 2011). Firms can use big data analytics
to help them develop new products and services, re-engineer their business processes,
and gain clearer insights into customer needs.
Mechanisms of value creation in the data eco-system. Let us decompose the
data value chain into four categories. 30
Data generators. They are the primary source of data (e.g., users browsing the
internet). Data can be generated passively, i.e., when users generating data are not
necessarily aware that their action is providing information which is collected by another
entity; for instance, when a driver uses a mapping application. It can also be generated
actively, i.e., when users sign up to a social network and provide some of their information.
Because the information created is valuable to data services, data generators may be
able to benefit by “monetizing” this information. A common example is the business
model of advertiser-supported websites which allow consumers to use services for free
while using the information provided for targeted advertising purposes.
Data services. Data becomes an output when it is processed and analyzed (i.e.,
structuring, storage, adaptation). This is at this step of the value chain that “bottlenecks”
can arise. In digital markets which are characterized by a trend towards concentration,
strong network effects, and economies of scale, competitive concerns may arise. For
instance, the more data an incumbent firm collects, the better and more efficient its
services may become, thereby reinforcing market dominance. For instance, as there are
more users using a search engine, more feedback is received, which makes the search
engine more efficient in providing customized results for users, thereby strengthening
the search engine market position.
30

To do so, I build on an EC report on the data economy (EC, 2017a). This categorization is done
for the ease of exposition. In reality, categories may overlap.
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Data business users. Firms and public entities can use the data which has been

collected and processed to improve performance and market strategies (for marketing,
launching a new product). The ability to use efficiently big data analytics rests in
particular on the regulatory framework regarding privacy, data protection and security.
This is in this context that in the EU, the General Data Protection Regulation (GDPR)
has been implemented in 2018. The GDPR is a European regulation on data protection
and privacy for all individuals citizens of the EU and the EEA. 31
End users. The last group of the value chain are the downstream buyers such as
consumers and business customers related to firms which have used the processed data.
End users can benefit from tailored offers, price reductions, or better quality service
(e.g., the users of Waze sharing information about traffic while driving). However, these
benefits may come up with some costs: on top of security and privacy risks, end users can
be more vulnerable to exploitative pricing practices (i.e., price discrimination). Indeed,
sellers can exploit user data to get a more precise profile and charge a price which is
closer to the user’s willingness to pay. For example, Montes, Sand-Zantman, and Valletti
(2018) provide an analysis of the impact of personalized pricing, using consumer data,
and show that a move from uniform to personalized prices may decreases total welfare,
but that consumers benefit from this move.
Necessity of a regulatory framework on data. In digital markets where the
exploitation of user information is key, the regulatory framework has to adress two main
potential market failures.
First, there are privacy and security issues: this stems from the potential inability
of consumers to assess the extent to which they are exposed to a risk because of the
information they provide. Second, it may be difficult that market forces make a socially
31

GDPR, (EU) 2016/679. The objective of the GDPR is essentially to give control to individuals over
their personal information, thereby simplifying the regulatory environment for business by harmonizing
the regulation within the EU. It replaces the Data Protection Directive 95/46/EC and contains
provisions and requirements on the processing of personal information of “data subjects”.
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optimal use of data as it is not possible to fully internalize data spill-over effects. This
comes from the non-rivalry nature of data by which it can be used multiple times by
multiple users without decreasing its value. For example, data that has been collected
for marketing purposes may be reused to improve healthcare research at a minimal cost.
If these potential spill-over effects are not considered, there is a risk of undersupply of
data analysis compared to what would be socially optimal.
The role of public authorities is to adress these market failures. In this respect,
regulators face a trade-off between fostering the digital economy and guaranteeing an
efficient data protection policy.
The rise of big data has made data a new type of economic asset. This new asset is
essential when considering competition in digital markets.

3.2

Key features of digital markets

Let us elaborate on some key characteristics of digital markets.
Large returns to scale. The cost of production of a digital service is mainly fixed and
therefore involves economies of scale (Shapiro and Varian, 1998). For instance, once
a search engine has been developed, it can serve a huge amount of users at a cheap
cost. In addition, with increasing returns to scale, two competing firms supplying a
homogenous product cannot cover their costs. Indeed, to cover their total costs, firms
would have to price above marginal costs but they would find it profitable to lower
prices to steal the rival’s consumers; entry in a market dominated by an incumbent
would then be difficult. As analyzed by Shapiro and Varian (1998), there are only two
sustainable market structures for digital goods: the dominant firm model (monopoly) or
the differentiated product market.
Network effects. Network effects arise when the utility of a consumer using a service
increases as the number of users increases. Network effects are of particular importance
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as digital markets are often multi-sided, i.e., when a platform acts as an intermediary
between two or more distinct user groups. Network effects can be same-sided (e.g., new
users joining a platform as the number of users increases) or cross-sided (e.g., more
advertisers signing up to a platform on one side as the user base grows on the other side).
Network effects represent another source of increasing returns to scale: network effects
profit large incumbents and favor market concentration. They raise entry barriers as, on
top of supplying better service quality (or lower price) than the incumbent, the entrant
has to incentivize users of the incumbent to migrate to its own services. Network effects
may therefore give rise to an incumbency advantage. The size of this advantage depends
on the possibility of multi-purchasing, data portability, and data interoperability. 32
Impact of data. As discussed above, data has become an essential input of many
online services and production processes. The ability to exploit data to provide innovative
services is thus a critical competitive parameter. Dominant firms which are bottlenecks
on user data enjoy a competitive advantage. Along with the presence of large economies
of scale and the prevalence of network effects, the development of data collection and
usage may strengthen the market power of leading companies in digital markets (Autorité
de la Concurrence and Bundeskartellamt, 2016). 33
Digital markets are also characterized by the presence of strong economies of scope
arising from the possession of data, the idea being that once a firm offer a service, it
becomes more efficient at offering others (e.g., a multi-service firm designing a new
service using an individual’s data), thereby favoring the dominance of incumbent firms.
32

Multi-purchasing or multi-homing refers to when a user signs up to not only one service but to
several services (e.g., Netflix and HBO). Data portability refers to the ability of users to transfer the
data that a platform has collected about them. The EU (GDPR) has introduced a limited right to data
portability (Article 20) as a means to avoid data-driven lock-ins. Data (or protocol) interoperability
ensures that two systems can fully work together and that complementary services can be provided.
For a more comprehensive treatment of data with respect to competition law, see Duch-Brown, Marten
and Mueller-Langer (2017).
33
For a detailed analysis of the prevalence of market power in digital markets, and more generally,
on data and competition policy, see Autorité de la Concurrence and Bundeskartellamt (2016).
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When data brings a significant competitive advantage to their owners, firms will
need to collect and exploit more data in order to remain competitive. To keep their
competitive advantage, firms may have incentives to engage in anti-competitive conducts.
This is why in the digital economy, the enforcement of an effective competition policy is
a challenge for CAs.

3.3

Enforcement of competition policy in digital markets

Digital markets raise new challenges for competition policy. An issue is to adapt
classical concepts of competition policy to the digital economy. Let us discuss some of
these concepts. 34
Consumer welfare standard. The application of the consumer welfare criterion may
be adapted in digital markets where prices often play a different role compared to more
traditional industries. The analysis of consumer harm has focused on potential short-run
and price-based effects. In the digital economy, it may be more accurate to evaluate the
effects on quality and innovation. This is for instance relevant in platform-to-consumers
(P2C) markets where services are offered at a free price and where there exists no price
effects. 35 Moreover, there may be a risk of under enforcement of competition policy
caused by the persistence of market power in digital markets. This is why dominant
firms’ market strategies which reduce competitive pressure should be considered with
attention, even in absence of clearly identified consumer harm.
Market definition. Due to the prevalence of network effects, it can be complicated
to give a clear market definition, especially in multi-sided markets. For instance, the
classical SSNIP test 36 is hardly applicable; on top of the issue of free pricing, increasing
34

I build on Cremer, Montjoye and Schweitzer (2019).
Other relevant examples are platform-to-business (P2B) and business-to-business (B2B) platforms
where the degree of innovation determines the level of productivity of the economy.
36
In competition law, the test of small but significant and non-transitory increase in price (SSNIP) is
used to define the relevant market in a consistent way.
35
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one price without modifying the price on the other side does not really make sense. The
interdependence of the sides is then crucial. Moreover, digital markets are driven by
innovation and are continuously changing, as well as market boundaries. This suggests
that less emphasis should be put on the analysis of market definition (Baranes and
Cosnita-Langlais, 2016).
Measuring market power. The concept of market power is used to identify cases of
market dominance. CAs usually measure market power by using market shares. However,
due to network effects, prices do not necessarily represent the value of the service to
the consumers or to the firms which are selling them; as a result, the market shares
may not be a good indicator to evaluate market power in digital markets. 37 In fact,
market power can exist even in an apparently fragmented market. This kind of market
power is linked to the concept of “intermediation power” in the multi-sided platform
framework. 38 Moreover, if some data that provides a strong competitive advantage is
not available to entrants, its possession can lead to market dominance. Along with
intermediation power, an evaluation of market power should consider the issue of the
replicability of data.

The advent of digital markets is related to the rise of big data through which data has
become an new economic asset. Digital markets have key characteristics which affects
firms’ market strategies as well as the framework of competition policy. Along with
price competition, firms also compete in the exploitation of user data, i.e., information
disclosure. However, this exploitation raises user privacy concerns.
In the third chapter of the thesis, I examine the impact of competition between firms
in prices and information disclosure levels.
37

See Bundeskartellamt (2016).
For more details on the concept of intermediation power, see Schweitzer, Haucap, Kerber and
Welker (2018).
38
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Summary of chapters

4.1

Merging In-Market vs. Cross-Border: The Impact of Merger
Policy

In the first chapter of the thesis, 39 I study how merger policy affects the choice between
in-market and cross-border merging. I build a model where four firms compete in a
regional market, which is composed of two markets: a home market and a foreign market.
The two markets are segmented and of same size, with two firms in each. The merger
policy, set at the regional level, is defined by the probability of that a merger is cleared.
After observing the merger policy, a firm chooses between a cross-border merger (CBM)
or an in-market merger (IMM). Thereafter, it may decide to separate from its merging
partner, depending on the merger outcome. An IMM is always profitable and efficient
(but still subject to competitive concerns) while a CBM has a certain probability of
being profitable. In the case where the firm chooses to separate from its merging partner
after a CBM, undoing the merger may involve an exit through an IMM, contingent on
merger policy.
In a benchmark case where an exit-by-merger is impossible, I find that a stricter
(more lenient) merger policy shifts firms’ decisions towards CBMs (IMMs). On the
contrary, if it is possible to exit by merger, I find that the merger policy also affects
the incentives to merge cross-border by lowering (or increasing) exit barriers. This
modifies the trade-off between both merger types insofar as the merger policy affects the
incentives to merge in-market and cross-border differently. This analysis then implies
that if the merger policy were very strict and market-level synergies were low (i.e., the
payoff from merging would be low), firms would ultimately not merge at all. From
39

This chapter has been published in the Revue d’Economie Industrielle.
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a policy point of view, these results suggest that the merger policy should consider
subsequent mergers triggered by an initial decision to merge, which here corresponds to
the scenario of an exit-by-merger after a failed CBM.

4.2

Public vs. Private Investments in Network Industries

In the second chapter of the thesis, 40 I examine the impact of competition between a
private firm and public firms on prices and investment in new infrastructures. I build a
model where firms decide simultaneously on prices for their product, and on coverage
of a territory with a new network technology. The private firm is a profit maximizes
its profit, while public firms maximize the sum of their profits and consumer surplus,
subject to a budget constraint. Two scenarios of public intervention are considered:
with a national public firm and with local public firms. The national public firm charges
a uniform price across the areas it has covered while the price charged by local public
firms depend on their location, i.e., in high-cost or low-cost areas.
In a monopoly benchmark, I find that the private firm charges the monopoly price
and covers up to an area where the monopoly profit is equal to the marginal cost of
investment. The national public firm never charges more than the monopoly price; it
sets a price such that it cross-subsidizes between low-cost and high-cost areas, which
allows it to cover a larger share of the country than the private firm. Local public firms,
which charge prices contingent on the investment cost in their own area, charge no more
than the monopoly price and cover the same areas as the private firm.
In a mixed duopoly where the national public firm has invested more than the
private firm, I find that prices are strategic complements for the private firm and are
strategic substitutes for the national public firm. A larger overlap between the private
firm’s and the public firm’s networks drives firms’ prices up. In the equilibrium of
40

This chapter is a joint work with Marc Bourreau.
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the coverage-price game, total coverage by the national public firm is lower than in
the benchmark. Competition leads the private firm to set lower prices than in the
benchmark, while the public firm may charge higher prices than in the benchmark; this
can be explained by the competition from the private firm, which makes it harder to
sustain low prices.
In a mixed duopoly where the local public firms have invested more than the private
firm, I find that a larger overlap between the private firm’s network and the local public
firms’ networks leads to a higher price by the private firm and lower prices by the local
public firms. In the equilibrium of the coverage-price game, total coverage is the same
than in the benchmark. The private firm sets a lower price than in the benchmark,
while the local public firms set higher prices.

4.3

Privacy, Competition and Multi-purchasing

In the third chapter of the thesis, 41 I examine the impact of competition between firms
in prices and information disclosure levels. In a two-sided market model, two firms
supply a horizontally differentiated service to consumers on one side, and sell consumer
information to a monopoly data broker on the other side. Consumers observe the level
of disclosure to which firms engage and their prices before deciding which service to
patronize and how much personal information to provide.
I find that firms adopt two types of business strategies due to a trade-off between the
exploitation of consumer information, the level of information provision, and consumer
valuations. If consumer valuations are sufficiently low, firms engage in disclosure of
consumer information (low-privacy regime): the lower consumer valuations are, the more
firms exploit consumer information, but the lower the level of information provision.
Firms even subsidize consumers if their valuations are very low or if competition intensity
41

This chapter is a joint work with Marc Bourreau.
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is high in the market. Firms represent competitive bottlenecks on consumer information,
and leave the data broker with zero surplus. On the other hand, if consumer valuations
are sufficiently high, firms do not engage in disclosure of consumer information (highprivacy regime) and always charge positive prices.
If consumers can only single-purchase, a merger to monopoly increases market
power but is privacy-neutral. When I consider multi-purchasing, I show that firms’
business strategies are altered and depend on their ability to monetize multi-purchaser
information. If firms are unable to generate revenues from the information provided by
multi-purchasers, firms charge higher prices and set lower disclosure levels compared
to the case where they can monetize this information. The surplus of the data broker
increases as there are more multi-purchasers. I find that a merger to monopoly improves
the firms’ ability to monetize multi-purchaser information. The merger decreases prices
and privacy levels, and harms consumers.
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Chapter 1
Merging In-Market vs.
Cross-Border: The Impact of
Merger Policy
Abstract In this paper, we study how merger policy affects the choice between inmarket and cross-border merging. We build a model where a firm chooses between the
two types of mergers. While an in-market merger will be refused if anticompetitive, a
cross-border merger is subject to uncertainty of its ex post profitability. We first study
this tradeoff in a scenario where after a non-profitable cross-border merger, exiting the
foreign market by another merger is not possible. In this case, a more lenient merger
policy discourages cross-border relative to in-market mergers. However, if it is possible
to exit by an in-market merger, this tradeoff is altered, as a more lenient merger policy
lowers exit barriers, thereby increasing the value of cross-border merging.
Keywords: merger policy, in-market vs. cross-border mergers, exit.
JEL codes: L22, L40, D21, G34.
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1

Introduction

There are heated debat today on mergers, particularly in network industries. In a
changing economic environment impacted by liberalization and digitalization, firms
evaluate merger opportunities not only in their domestic markets, but also across borders.
In the railway industry, the French firm Alstom was willing to merge with the German
firm Siemens, thereby creating the world number two leader. While the European
Commission prohibited this acquisition, a central argument exposed by the merging
parties was that by joining their forces, they would be able to effectively compete with
the world number one leader, the chinese company CRRC. The European Commission
prohibited Siemens’ proposed acquisition of Alstom under the EU Merger Regulation.
The main argument is that this merger would have have harmed competition in markets
for railway signalling systems and very high-speed trains. Moreover, the parties did not
offer sufficient remedies to address these concerns. In a press release of the European
Commission on 6 February 2019, commissioner M. Vestager explained: 1
“Millions of passengers across Europe rely every day on modern and safe
trains. Siemens and Alstom are both champions in the rail industry. Without
sufficient remedies, this merger would have resulted in higher prices for the
signalling systems that keep passengers safe and for the next generations of
very high-speed trains. The Commission prohibited the merger because the
companies were not willing to address our serious competition concerns”
The Alstom-Siemens case illustrates the trend of firms to merge cross-border and sheds
light on the stakes for merger policy.
1

According to the Financial Times on 21 January 2019, French and German officials also step up
pressure over Alstom-Siemens deal. French economy minister B. Lemaire said: “The German and
French governments are in favour of the merger as are the heads of Siemens and Alstom. It’s the best
response to the rising power of the Chinese in the rail sector ".
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In the telecommunications industry in the European Union, telecommunications
companies regularly question the severity of merger policy towards in-market mergers.
For example, the telecommunications firms Telenor and TeliaSonera announced that
they had called off plans to merge in the Danish market after they were unable to win
approval from Europe’s antitrust authorities. While for the European regulator, this
in-market merger would have raised serious competition concerns, firms argue that this
would have created a market player with the scale and ability to compete and invest. 2
On the other hand, the European Commission has expressed its desire for the emergence
of pan-European telecommunications firms, preferably through cross-border mergers.
According to the Financial Times on 22 October 2015, while regulators at the European
Commission are turning up their noses at in-country consolidation, they have signalled
that cross-border consolidation to create pan-European networks would be welcomed.
Indeed, Andrus Ansip, digital commissioner, stated:
“Cross-border consolidation can be a way to integrate networks as we move
towards a pan-European telecoms market. It can allow telecoms companies
to expand beyond national borders and tap fully into Europe’s massive
customer base.”
However, some telecoms executives were sceptical about the prospects of cross-border
merging, such as Orange CEO Stéphane Richard: 3
“Cross-border consolidation is easier but it doesn’t make a lot of sense for
synergies or interest.”
This illustrates the interplay between merger policy, in-market and cross-border mergers.
This is in this context that we examine how merger policy impacts the trade-off between
2

New-York Times, 11 September 2015.
In the same way, the CEO of Telecom Italia stated that “there is no value creation” and only an
“M&A play” from cross-border deals". Financial Times, 22 October 2015.
3
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in-market and cross-border merging.
An in-market merger is assessed based on a trade-off between efficiency gains and
market power (Williamson, 1968). Depending on whether a merger’s net impact
on consumer welfare is positive or negative, an in-market merger is cleared or not,
respectively, and if cleared, it can be subject to merger remedies (Farrell and Shapiro,
1992; Perry and Porter, 1985; McAfee and Williams, 1992). This differs from a crossborder merger, which is a priori less prone to issues arising from increased market power.
Moreover, it does not directly affect the number of firms in either the home market or
in a foreign market.
Then, if merger policy gives priority on market power issues, one could argue that it
should rather focus on in-market mergers. In such a case, one could expect that it would
merely impact the decision to merge in-market. However, this reasoning misses that after
a failed cross-border merger, a firm may wish to exit by an in-market merger. Indeed,
due to the presence of asymmetric information on the foreign market (Qiu and Zhou,
2006), a firm merging cross-border faces uncertainty in its post-merger profitability. If
ex post the cross-border merger happens to be unprofitable, the firm would be willing
to exit the foreign market. 4 This would involve having to sell its foreign subsidiary to
another competitor, hence involve an in-market merger if it were sold to a firm from the
foreign market. In such a case, the possibility of exiting the foreign market will rest on
the leniency of merger policy (Mason and Weeds, 2013). 5 Hence, we study the trade-off
between in-market and cross-border merging by focusing on the ex ante effect of merger
policy on exit possibility.
4

An interesting example is that of Orange and Deutsche Telekom in the UK with their foreign
company EE that was sold to BT. An exit occurred for several reasons, including, as stated in Le
Monde on 16 December 2014, the difficulty of identifying synergies.
5
In this respect, Uber-Grab deal is a relevant example. In fact, Uber’s exit from Southeast Asia is
under scrutiny from Competition Commission of Singapore (CCS). The regulator suspects that Uber’s
exit-by-merger (with Grab, which is Singapore-based) could hamper competition (see Grab-Uber deal).
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To this end, we build a simple model with four firms competing in a regional market.
The latter is composed of two markets: a home market and a foreign market. Such
markets are segmented and of same size, with two firms in each. In the beginning, firms
earn identical profits. The merger policy, set at the regional level, is defined by the
probability of merging in-market. After observing the merger policy, a firm chooses
between cross-border or in-market merging. Thereafter, it may decide to demerge
depending on the merger outcome. It is assumed that an in-market merger is always
profitable and efficient (but still subject to competitive concerns). On the other hand,
a cross-border merger has a certain probability of being profitable but is initially not
subject to merger policy. In fact, if the firm demerges after a cross-border merger,
undoing the merger may involve an exit through an in-market merger, contingent on
merger policy. In what follows, we elaborate on the results under this framework.

First, we determine that when no exit possibilities exist, a more lenient merger policy
incentivizes in-market mergers at the expense of cross-border mergers. This is explained
by the merger policy only impacting the expected payoff from in-market merging; all
things being equal, a firm would rather choose the in-market option. In contrast, when
an exit is possible, a more lenient merger policy also impacts positively the payoff from
cross-border merging. We show this to be due to lowering of exit barriers. The trade-off
between both merger types is therefore altered insofar as merger policy affects the
incentives for in-market and cross-border mergers differently. From a policy point of
view, our results suggest that the merger policy should consider subsequent mergers
triggered by an initial decision to merge. In our framework, this corresponds to the
scenario of an exit-by-merger after a failed cross-border merger. Finally, our results are
still robust to asymmetric markets, although there is slightly less scope for cross-border
compared to in-market merging.
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This analysis focuses on the issue of exit barriers when a firm decides on a merger

insofar as in some situations, the merger policy, if too restrictive, may discourage the
merger. In an international context, this could affect negatively the incentives to merge
cross-border when the outcome of a cross-border merger is uncertain. This analysis
can therefore serve as an additional tool to a policymaker whose objective is to build
a market with “global players". Indeed, our analysis suggests that a policymaker, by
taking into account the trade-off between in-market and cross-border mergers, can shape
a regional market consolidation.
In the next section, we present a literature review. Section 3 describes the model
framework. In Section 4, we solve for a firm’s decision to merge cross-border or in-market,
if exit by merger is not possible. In Section 5, we determine how the possibility of exit
by merger modifies the firm’s merger choice. In Section 6, we provide a welfare analysis.
In Section 7, we present an extension to the main model. In Section 8, the framework is
discussed. Section 9 concludes. All proofs are in the appendix.

2

Relation to Literature

This paper is linked to the seminal literature on horizontal mergers. Williamson (1968)
exposes the welfare trade-offs of a merger. A merger results in an increased market
power, which decreases the quantity produced and increases prices, thereby inducing a
dead-weight loss. On the other hand, if cost-savings from the merger are high enough,
there are efficiency gains. Then, a merger will be welfare-increasing (decreasing) if
the efficiency gains are higher (lower) than the dead-weight loss induced by increased
market power. In a model where firms competes in quantities, Farrell and Shapiro (1992)
analyze the nature and the magnitude of internal efficiencies that are required for a
merger to reduce priced and increase output to the benefit of consumers. They find
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that for prices to decrease after a merger, the merged firm must realize a substantially
lower marginal cost than did either of its constituent firms before the merger. They also
find that if the internal efficiencies only consist of output rationalisation or fixed cost
savings, then there will be a price increase after the merger. Then, rationalisation but
not fixed cost savings, may be combined with other cost savings lead to lower prices.
Traditional analysis of merger incentives can also be found in Perry and Porter (1985)
and McAfee and Williams (1992), among others.
We contribute to the industrial organization literature dealing with entry and merger
policy. Marino and Zabojnik (2006) show that if entry is easy, and entrants exert
competitive pressure on the merging firms, then merging firms will be driven in their
merger decisions by a search for efficiency as opposed to being driven by motivations to
increase market power. They focus on the time dimension of entry following a merger.
If new entry is relatively fast, the incumbents could not merge to increase their market
power. In other words, if a merger is initiated in an industry where new entry would
follow relatively quickly, the merger is more likely to generate synergies. Otherwise, it
would not be attempted in the first place. Interestingly, they also show that a decrease
in exogenous entry costs can increase the incumbent firms’ incentives to monopolize the
market through a horizontal merger. Marino and Zabojnik (2006) address the impact of
entry on merger policy, whereas we focus on the impact of merger policy on entry (a
cross-border merger is also as an “entry” in the foreign market).
Closer to our approach, Mason and Weeds (2013) explore the extent to which merger
policy can act as an entry barrier. They employ a dynamic model with stochastically
changing demand to assess the effects of the failing firm argument on entry and entrepreneurial activity. In their model, firms are allowed to use the failing firm defense as
a (preferred) alternative to exit if they are facing poor market conditions. The authors
find that, when future profitability turns out to be too low, an option to make use of the
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failing firm defense stimulates entry and, therefore, competition. Based on that, they
derive an optimal merger policy in the form of a threshold, beyond which it is welfare
increasing to approve mergers. In other words, if ex post, a more lenient merger policy
may increase concentration and decrease consumer surplus, future merger prospects
increase the expected value of entry.
Jaunaux, Lefouili and Sand-Zantman (2017) generalize the analysis of Mason and Weeds
(2013). They look for the optimal merger policy focusing on mergers that are ex post
anti-competitive in that they reduce consumer surplus. Relying on state dependency,
they find that the competition authority should be lenient in the state of the world where
the ratio between the loss in ex post consumer surplus and the gain in the entrant’s
expected profit induced by the merger is the lowest. They show that the optimal merger
policy is driven by this ratio, whether the competition authority knows the entry cost or
it only knows its distribution. Our analysis differs from the two previous studies insofar
as we scrutinize a firm’s incentives to merge cross-border vs. in-market in the presence
of merger policy.
Our paper contributes to the discussion on the contestable market theory that states
the idea that a firm enters a market if entry and exit barriers are not too high. Baumol,
Panzar and Willig (1982) exposed the entry issue by focusing on sunk costs-irreversible
investments in the industry. Sunk costs create a fundamental asymmetry between
incumbents and potential entrants; they represent a barrier to entry, and also a barrier
to exit by committing incumbents to future price or output strategies. Entry will occur
if, and only if, the present value of future profits from successful entry exceeds the sunk
costs associated with entry. In our framework, a merger policy which is too severe may
act as a barrier to exit.
Our paper is also related to the industrial organization literature considering endogenous antitrust authorities. Nocke and Whinston (2013) explore the optimal merger
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policy when the antitrust authority observes the characteristics of proposed mergers but
cannot observe the characteristics nor the feasibility of mergers that are not proposed.
They find that, to be approved, mergers that result in a larger computed post-merger
Herfindahl index must generate larger improvements in consumer surplus. This optimal
policy would then be a response to a fundamental bias in firms’ proposal incentives.
Indeed, they show that whenever a larger merger would create a gain which is at least
as large a gain (for consumers) as a smaller one, the larger one is proposed if both would
be approved. An issue is that if both would be approved, the larger merger may be
proposed even when it is worse for consumers. Then, an optimal policy therefore rejects
some consumer surplus-enhancing larger mergers to induce firms to propose instead
better smaller ones.
Motta and Vasconcelos (2005) model a sequential merger formation game with endogenous efficiency gains characterized by scale economies. In their model, they contrast two
games. In the first, the myopic antitrust authority evaluates a given merger without taking into account potential subsequent mergers. This leads the myopic antitrust authority
to prohibit mergers that would be welfare beneficial once taken into account that other
mergers would follow. In the second game, the antitrust authority is forward-looking
and is able to correctly anticipate the future. If efficiency gains are sufficiently large,
the first merger between two firms will be authorized because the antitrust authority
knows that it will be followed by a subsequent merger by the outsiders which will also
be authorized because this would induce inefficient exit otherwise. In the same vein,
Brito (2005) explores, by the mean of revealed preferences, how an antitrust authority
may accept or reject an initial merger based on subsequent alternative mergers arising
from this initial merger. The author shows that the use of revealed preferences allows
the antitrust authority to set an expected upper limit on the efficiency gains obtained
in a given merger (when this merger increases the firms’ market power). Such limit
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can then be compared to the lower threshold necessary for merger approval. Then, a
better understanding of the firms’ incentives to merge is a way to foresee the long-term
consequences of approving or rejecting a proposed merger. In our paper, we examine
how the decision to merge cross-border or in-market may trigger subsequent mergers
decisions such as an exit via a merger.
In the international economics literature, Haufler and Nielsen (2007) compare inmarket and cross-border mergers. In a linear model of Cournot competition, the authors
examine open economies where there are possible cost reductions caused by a merger.
This is a three-country model where two competitors in each of two countries serve
their respective home markets, and all firms jointly compete in a third (world) market.
In this framework, they develop a comparative analysis of cross-border and in-market
mergers. They compare mergers from private and social perspectives and show that
in-market and cross-border mergers have rather different implications: for in-market
mergers, a potential conflict of interest can arise between the merging firms and a
national regulator, and the national merger policy tends to be too restrictive from a
global efficiency perspective. This is in constrast with profitable cross-border mergers
that will be cleared by either a national or a regional regulator. They find that this
laissez-faire approach is globally efficient. Our paper differs from Haufler and Nielsen
(2007) in that all firms compete in the regional market, while cross-border mergers
are subject to the uncertainty of their profitability. Horn and Persson (2001) focus
on cross-border versus in-market mergers in the presence of trade costs. They show
that an increase in trade costs can increase the profitability of in-market compared to
cross-border mergers. Our analysis differs in that we assume segmented markets (i.e.,
no exports); consequently, merger decisions are not impacted by trade costs.
Our analysis is also linked to studies examining determinants and welfare effects of
cross-border mergers. Bjorvatn (2004) uses a merger model in an open economy setting
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to show that increased competition may increase the profitability of cross-border mergers.
The reason is that economic integration may intensify the pre-merger competition in the
market, thereby reducing the reservation price of the target firm. In addition, economic
integration in the form of lower trade costs may reduce the post-merger business stealing
effect as the outside firm chooses exports rather than greenfield investment. In an
oligopoly model, Chaudhuri (2014) examines the profitability of cross-border mergers.
The author shows that, under strict convexity of cost functions, cross-border mergers are
more likely to occur in industries which serve multiple segmented markets rather than a
single integrated market. By contrast with the previous literature on integrated markets,
Chaudhuri (2014) finds that the price rises in the market where an acquisition is made
whereas it falls in the other, decreasing the acquisition price of other firms. Qiu and
Zhou (2006) analyze the incentives for cross-border merging in presence of asymmetric
information. They develop a model of international oligopolistic competition under
asymmetric information where there are n domestic firm and one foreign firm. Domestic
demand is uncertain and the foreign firm suffers from information asymmetry on the
domestic market. The authors show that when domestic firms are completely informed of
domestic market demand, information sharing enhances the profitability of a cross-border
merger (i.e., between a domestic firm and a foreign firm). Their results are also relevant
for merger policy: if demand uncertainty is large and market competition is intense,
cross-border mergers should be encouraged because they are privately unprofitable but
socially desirable. Under the opposite conditions, these mergers should be discouraged
because such mergers reduce social welfare. 6 In our paper, we also use the information
asymmetry issue of the domestic firm on the foreign market to study the interplay
between merger policy, in-market and cross-border mergers.

6

Other relevant studies on the determinants and welfare effects of cross-border mergers can be found
in Norback and Persson (2008) and Lommerud, Straume and Sorgard (2006).
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3

Model

We build a model to study how merger policy affects a firm’s trade-off between in-market
and cross-border merging. 7
Market characteristics. Consider two countries, defined as “home” and “foreign”
markets. Markets are segmented (i.e., we ignore the possibility of exports) and duopolistic; firms 1 and 2 compete in the home market, while firms 3 and 4 do so in the foreign
market. The firms are originally symmetric, i.e., characterized by the same constant
marginal cost c of production. As demands (in the home and foreign markets) are also
symmetric, the firms earn identical profits, Π(c). 8, 9
Merger control is exerted on both the home and foreign markets. 10 We assume that
an in-market merger is cleared with probability α ∈ (0, 1), assumed exogenous.
Agents. Among the four firms, we assume that in the beginning, only firm 1 makes
a merger decision, i.e., choosing between an in-market merger (IMM), a cross-border
merger (CBM), or no merger at all (status quo). Any subsequent merger decisions
by remaining firms would be made conditionally on firm 1 deciding on post-merger
bargaining. Figure 1 represents the market structure with merger options of firm 1.
In-market merger. Let Πij be the profit after a merger of firms i and j, with
7

Such mergers are assumed to be mutually exclusive. While debatable, this assumption can be
realistic in that when a firm merges, it needs cash, and additional costs (coordination, etc.) could also
arise. For instance, in the telecommunications market, Orange sold EE and exited the UK market to
obtain more cash and to engage in acquisitions in other European countries, among other reasons.
8
The symmetric Cournot model with constant marginal costs satisfies our model assumptions. A
brief Cournot version of the model is presented in Appendix B.
9
We use a duopoly framework to simplify the analysis. This approach does not incur any serious
loss of generality compared to the oligopoly case with n firms in each market.
10
Merger policy is defined at the regional level. An example close to this idea is in the European Union,
where the European Commission (EC) is in charge of merger cases with a “community dimension”.
An increasing convergence between national and European authorities is in fact underway (see the
White Paper on merger control (July 9, 2014) presented by the former VP of the EC, J. Almunia).
In this respect, we abstract from conflicts between national regulators or international merger policy
coordination. For more information on this, see the survey of Breinlich, Nocke, and Schutz (2016).
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Regional Merger Policy

Firm 1

CBM

Firm 3

IMM

Firm 2

Firm 4

Home Market

Foreign Market

Figure 1 – The market structure.
i=
6 j. With probability α, the IMM is cleared, and the new merged entity earns a

profit Π12 (c) with marginal cost c < c, i.e., the merger leads to efficiency gains. With

probability 1 − α, the IMM is rejected, and firm 1 obtains its original duopoly profit
Π(c).

Cross-border merger. A CBM has an uncertain outcome. Let β ∈ (0, 1) be the

probability that the CBM entails market-level synergies. 11 If firm 1 merges with firm

3, a good outcome occurs with probability β, i.e., the merged entity earns a profit
Π13 (c) with marginal cost c < c, whereas a bad outcome occurs with probability 1 − β,
i.e., the merged entity earns a profit Π13 (c̄) with marginal cost c̄ > c. If the CBM is
efficient, efficiency gains apply to both home and foreign markets. Similarly, if the CBM
is inefficient, negative spillovers apply to both markets. 12 Due to market segmentation,
the CBM’s profit Π13 is in fact the sum of profits earned separately in two countries.
11

CBMs are primarily undertaken to gain access to complementary firm-specific assets (Nocke and
Yeaple, 2008), capabilities that are non-mobile across countries (Nocke and Yeaple, 2007), or countryspecific assets (Norback and Persson, 2007). Therefore, an unprofitable CBM could be due to the
absence of complementarity between firms’ technologies, know-how or very high coordination costs.
We presume that such issues have a larger chance of occurring with a CBM due to a higher degree of
information asymmetry in the foreign market.
12
For instance, an unprofitable CBM can induce a negative organizational shock for the acquiring
firm. This leads the management of the firm to make efforts in order to address these organizational
issues, thereby generating coordination costs and lowering the firm’s productivity in both markets.
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Finally, we assume for the sake of analysis that Π12 (c) ≥ Π13 (c), i.e., it is weakly more
profitable to engage in an IMM than in an efficient CBM. 13

In this framework, a CBM is assumed to raise no competitive concerns, because it
does not affect the number of competitors and in expectation it is not price increasing
(we provide the condition under which this is true in Lemma 3 of Section 5). A CBM is
thus always cleared.
However, if there is a bad outcome after firms 1 and 3’s enter into a CBM, firm 1
may decide to exit the foreign market, i.e., to separate from its foreign partner, firm 3,
by selling it either to firm 4 (the foreign competitor) or to firm 2 (the home competitor).
Still, firm 2 would not be willing to acquire firm 3. Firm 2 in fact learns from the
failed CBM the presence of negative market-level synergies, making a CBM unattractive.
Therefore, an exit-by-merger can occur if firm 4 acquires firm 3 via an IMM accepted
with probability α. 14 Therefore, if firm 1 finally manages to exit the foreign market, the
new merged entity’s profit is Π34 (c); we assume firm 1 obtains its ex ante profit Π(c) in
the home market.
Payoffs. Denote Vis as the expected payoff of firm i from making the merger choice
s = im, cb, e, where im means in-market, cb denotes a cross-border merger without the
possibility of exit, and e represents a cross-border merger with the possibility of exit. In
what follows, we compare the choice of firm 1 between an IMM with firm 2 (s = im) or
a CBM with firm 3 (s = cb or e). 15
13

This condition states that the monopoly profit in the home market is (weakly) greater than the
sum of duopoly profits for the merged entity in the home and foreign markets. It can be explained by
the fact that the merged entity has more market power in the former case than in the latter. Brito
(2005) proposes a model of sequential mergers, where a merger that increases market power is also
more likely to be profitable than an alternative merger where market power increases less.
14
Outside investors (e.g., vertical competitors) may also make offers to acquire firm 3. However, such
transaction raises potential challenges, as outside investors may suffer from information asymmetry on
the targeted market, undermining their ability to profitably acquire firm 3 (affected by the price of
acquiring firm 3 from firm 1 and the expected efficiency of such acquisition). For simplicity, we ignore
this possibility.
15
As firms are initially symmetric, it does not matter whether firm 1 enters into a CBM with firm 3
or 4.
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As a merger is in fact an acquisition of one firm by another, we model an acquisition
price, assumed to be the present value of future payoffs of the acquired firm if it had
not merged.
Timing. We consider the following sequence of events. First, the merger policy α
is announced. Second, firm 1 observes α and decides whether to merge cross-border or
in-market. 16 If it merges in-market, the merger is accepted with probability α. If it
merges cross-border, the uncertainty of the merger’s cost-efficiency is realized. Firm
1 pays the acquisition costs, and first-period payoffs are subsequently realized. Third,
(i) if firm 1 has merged in-market, it decides whether to demerge from firm 2 and, (ii)
if firm 1 has merged cross-border, firm 1 decides on exiting the foreign market by an
in-market merger. Fourth, second-period payoffs are realized with a discount factor
δ ∈ (0, 1). We examine the subgame perfect equilibrium of this game.

4

Benchmark Case: No Possibility of Exit

In this section, we consider the benchmark case with no possibility of exit by merger
after a CBM. We study firm 1’s trade-off between the two types of mergers. In our
model, merging in-market is always preferred to the status quo. The following lemma
provides the condition for ensuring that firm 1 also prefers a CBM to the status quo.
Lemma 1. Merging cross-border is preferred to the status quo if and only if β > β¯ne ,
where

2Π(c) − Π13 (c̄)
β¯ne =
.
Π13 (c) − Π13 (c̄)

The idea behind Lemma 1 is that firm 1 finds the option to merge cross-border
profitable only if its expected probability to be profitable (β) is not too low. If this
16

One way to justify this observability would be to include a pre-merger competition phase as in
Mason and Weeds (2013).
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condition holds, both a CBM and an IMM are profitable for firm 1, and the firm then
trades off between merging in-market and cross-border.
We make the following assumption to ensure that firm 1’s decision is a choice between
an IMM and a CBM:
Assumption 1. β > β¯ne .
We now study firm 1’s decision between an IMM and a CBM. Consider first an
IMM. As it is efficient, and there is no uncertainty as to its profitability, firm 1 has no
incentive to demerge from firm 2. 17 Firm 1’s expected payoff is:
V1im = (1 + δ) [α(Π12 (c) − Π(c)) + (1 − α)Π(c)] .

(1)

The meaning of equation (1) is as follows. With probability α, the merger is cleared,
and firm 1 obtains the merger profit Π12 (c) minus the price Π(c) of acquiring firm 2.
With probability 1 − α, the merger is rejected, and firm 1 obtains the duopoly profit
Π(c).

Second, consider a CBM. Firm 1’s expected payoff without an exit possibility is:
V1cb = (1 + δ) [βΠ13 (c) + (1 − β)Π13 (c̄)] − (1 + δ)Π(c).

(2)

Merging cross-border is efficient with probability β and inefficient with probability 1 − β.

The price of acquiring firm 3 is (1 + δ)Π(c).

Equations (1) and (2) show that the merger policy parameter α impacts only IMM
payoffs. Equation (1) implies that ∂V1im /∂α = (1+δ) [Π12 (c) − 2Π(c)] > 0, and therefore,

a more lenient merger policy increases IMM payoffs while not impacting CBM payoffs.
17

As a result of timing, we do not consider the possibility that firm 1 engages in subsequent mergers
after an IMM or a CBM. However, it could be shown that cross-border merging after a CBM is
unattractive and that in-market merging after a profitable CBM should not be possible due to being
too anti-competitive.
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Thus, we can state the following proposition:
Proposition 1. If there is no possibility of exit by merger, a more lenient merger policy,
i.e., a higher α, favours in-market mergers at the expense of cross-border mergers.
Under Assumption 1, we obtain V1cb − V1im |α=0 > 0. Furthermore, as β < 1,

V1cb − V1im |α=1 < 0. From Proposition 1, it follows that there is a threshold αne ∈ (0, 1),
such that firm 1 prefers merging in-market if α > αne and prefers merging cross-border
otherwise.

5

Possibility of Exit

In this section, we consider the possibility of exit by merger. As already explained, such
possibility means that firm 1 would be able to sell firm 3 to the foreign company, firm 4.
In this respect, we study firm 1’s trade-off between both types of mergers. The following
lemma provides the condition that ensures that if there is a possibility of exit, firm 1
prefers a CBM to the status quo.
Lemma 2. If there is a possibility of exit, cross-border merging is preferred to the status
quo if and only if δ/(1 + δ) < [Π13 (c) − Π13 (c̄)]/αΠ(c), and β > 0.
While the minimum β such that a CBM is preferred to the status quo is β ne > 0 in
the benchmark case (Lemma 1), we observe from Lemma 2 that this minimum β is now
equal to zero. Therefore, firm 1 has more incentives to merge cross-border when it can
exit by merger than when it cannot.
We make the following assumption to ensure that firm 1’s trade-off is between an
IMM and a CBM:
Assumption 2. δ/(1 + δ) < [Π13 (c) − Π13 (c̄)]/αΠ(c).
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We now examine the conditions under which an exit-by-merger can occur. Notably,

if firm 1 has merged profitably cross-border with firm 3, it is better off than in the status
quo and, hence, has no incentives to exit the foreign market. On the other hand, if the
CBM was determined to be unprofitable, an exit may occur, in which case it would
involve firm 1 as the seller and firm 4 as the buyer. Firm 1 bargains with firm 4 through
a take-it-or-leave-it offer, making firm 4 indifferent between buying firm 3 and status
quo. It therefore offers a selling price equal to Π34 (c) − Π4 (c, c̄), where Π4 (c, c̄) is firm

4’s profit in a scenario of firm 1 having entered into an unprofitable CBM. To ensure
that exit is possible, we assume that firm 4 will accept firm 1’s offer. 18
IMM payoffs are the same as in the benchmark case (equation (1)). Consider firm
1’s CBM payoffs if exit by merger is possible:
V1e = βΠ13 (c) + (1 − β)Π13 (c̄)
+ δ [βΠ13 (c) + (1 − β) (α (Π(c) + Π34 (c) − Π4 (c, c̄)) + (1 − α)Π13 (c̄))]

(3)

− (1 + δ)Π(c).
The first line in equation (3) represents the first-period payoff (net of the acquisition
price). The second line corresponds to the second-period payoff, discounted with
δ ∈ (0, 1). With probability β, firm 1 has profitably merged cross-border. With

probability 1−β, it has not profitably merged cross-border and decides to exit the foreign
market via a merger. With probability α, firm 4 acquires firm 3, and firm 1 obtains its ex
ante profit Π(c) plus the selling price Π34 (c) − Π4 (c, c̄). With probability 1 − α, the IMM
between firms 3 and 4 is rejected, and firm 1 obtains the profit Π13 (c̄). The third line
18

At the other extreme, we could assume that it is firm 4 that makes a take-it-or-leave-it offer to firm
1. Firm 4 would then set a price for firm 3 making firm 1 indifferent between staying in the foreign
market and exiting the foreign market by selling firm 3. Firm 4 would thus offer a purchase price
equal to Π13 (c̄) − Π(c). In this case, the merger policy α has no effect on the payoff from cross-border
merging, V1e . A more general case would imply a bargaining power that is not fully in the hands of
firm 1 or firm 4; in such an intermediate case, the merger policy would affect payoff from cross-border
merging, V1e .
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corresponds to the CBM acquisition price. Let ∆E = Π(c)+Π34 (c)−Π4 (c, c̄)−Π13 (c̄) > 0
be firm 1’s exit payoff. 19 The payoff from cross-border merging can be simplified to:
V1e = V1cb + δα(1 − β)∆E.

(4)

The merger policy α now impacts both IMM and CBM payoffs. Indeed, we obtain:
∂V1im
= (1 + δ) [Π12 (c) − 2Π(c)] > 0;
∂α
∂V1e
= δ(1 − β)∆E > 0.
∂α

(5)
(6)

From equations (5-6), we observe that in addition to increasing IMM payoffs, the merger
policy now positively affects CBM payoffs. The intuition is that a more lenient merger
policy increases the profitability of exit by merger after an unprofitable CBM. Therefore,
there are lower barriers to exit. An additional insight obtained from (6) is that if the
probability of a profitable CBM decreases (i.e., β is lower), the positive effect of merger
policy is more significant (∂ 2 V1e /∂α∂β = −δΠ(c) < 0). Hence, we can state the following
proposition:

Proposition 2. When an exit-by-merger is possible, a more lenient merger policy,
i.e., a higher α,positively impacts the incentives to merge cross-border by lowering the
exit barriers.

We now study the impact of merger policy on the decision to merge cross-border

19

In a linear Cournot setting, ∆E is positive, except in the case where the IMM yields almost zero
efficiency gains, while the CBM is extremely unprofitable.
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versus in-market. We compare the effects of merger policy and observe that:
∂[V1e − V1im ]
≤0
∂α
∂[V1e − V1im ]
>0
∂α

if
otherwise.

δ
Π12 (c) − 2Π(c)
≤
;
1+δ
(1 − β)∆E

(7)
(8)

Equation (7) means that merger policy has a stronger effect on the decision to merge
in-market than to merge cross-border, while equation (8) states the contrary. From
equations (5-6), merger policy impacts the entire gain from merging in-market while
impacting only the second-period CBM payoff if firm 1 exits by merger. Hence, we
assume that equation (7) holds for the rest of the analysis.
We can now analyse how the trade-off between both merger types is altered compared
to the benchmark case. Under Assumption 1, we obtain V1e − V1im |α=0 > 0. Furthermore,

for δ/(1 + δ) < [Π12 (c) − (βΠ13 (c) + (1 − β)Π13 (c̄))]/(1 − β)∆E, V1e − V1im |α=1 < 0.
Hence, it follows that there is a threshold αe ∈ (0, 1), such that firm 1 prefers in-market
merging if α > αe and prefers cross-border merging otherwise. Comparing thresholds
αne and αe , we state the following proposition:
Proposition 3. Cross-border merging is preferred to in-market merging for higher
values of α, i.e., αe > αne .
Proposition 3 states that if an exit-by-merger is possible, there is more scope for
cross-border merging. Figure 2 illustrates this idea. In the figure, we observe that as
α increases, firm 1 is more inclined to merge in-market than cross-border in all cases.
Nonetheless, when an exit-by-merger is possible, firm 1 merges cross-border rather than
in-market for a larger range of values of α, since αe > αne . This occurs because merger
policy now affects directly the CBM decision. If α is very high, firm 1 will always opt for
an IMM, whereas if α is very low, firm 1 will always opt for a CBM. If α is between αne
and αe , the firm chooses an IMM when exit is not possible and a CBM if exit-by-merger
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is possible.
Finally, another interesting insight is that with exit-by-merger, a stricter merger
policy, that is, a lower α, now makes both IMM and CBM less profitable in expectation,
contrary to what has been determined in the benchmark case. If the merger policy is
quite severe (very low α) and the expected profitability from merging cross-border is low
(small β), a status quo may be preferred to any merger. Therefore, while the severity of
merger policy would prevent those mergers which are possibly anti-competitive, this
may also discourage potentially pro-competitive mergers, such as cross-border mergers.
Exit Possible
vs.
No Exit

CBM
0

αne

IMM
1

αe

CBM

α

IMM

Figure 2 – Merger decision: with vs. without a possible exit.

6

Welfare Analysis

In this section, we apply basic comparative statics to examine the impact of firm 1’s
merger choice on social welfare, defined as the sum of firms’ profits and consumer surplus
in both markets. Denote W (α) as the (expected) social welfare function.
Let p(c, c) denote the status quo price, p(c, c) denote the price after a profitable
CBM, and p(c̄, c) denote the price after an unprofitable CBM. We use the following
lemma to ensure that a CBM is in expectation never price-increasing: 20
Lemma 3. In expectation, a CBM is never price-increasing if

β ≥ βp ≡
20

p(c, c) − p(c̄, c)
.
p(c, c) − p(c̄, c)

Therefore, we focus only on the welfare impact of an exit-by-merger due to an unprofitable CBM.
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We make the following assumption:
Assumption 3. β ≥ βp .
In the benchmark case, an exit-by-merger is not possible, and merger policy only
affects IMMs. If firm 1 merges in-market, the merger is either welfare-increasing or
decreasing, and W (α) is monotonic on [αne , 1). If firm 1 merges cross-border, W (α) does
not depend on α. This means that for α ∈ (0, αne ), W (α) = W cb , where the constant
W cb is the welfare level if an exit-by-merger is not possible.

When an exit-by-merger is possible, the merger policy also affects CBMs. If firm 1
merges in-market, W (α) is monotonic on [αe , 1). If firm 1 merges cross-border, W (α)
now depends on α and is monotonic on (0, αe ). Indeed, if an exit-by-merger occurs,
it will be either welfare-increasing or decreasing. 21 We therefore state the following
proposition:
Proposition 4. In the benchmark case, if α < αne , social welfare does not depend on
α and a cross-border merger always has a positive impact on social welfare (β ≥ βp ). If

an exit-by-merger is possible, if α < αe , social welfare depends on α and a cross-border
merger decreases (increases) social welfare if the exit-by-merger is welfare-decreasing
(increasing).
Figure 3 shows an example of differences between the benchmark case and that
of a possible exit. Let W (1− ) be the limit of W (α) when α goes to 1− and W (αe− )
be the limit of W (α) when α goes to αe− . On the left graph (the benchmark case),
a CBM occurs if (0, αne ) and W (α) = W cb , whereas an IMM occurs if [αne , 1) and
is welfare-increasing. As α increases and approaches 1, social welfare becomes higher
under an IMM (e.g., W cb < W (1− )). However, on the right graph (an exit is possible),
21

Mathematical details on welfare levels can be found in Appendix A .
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a CBM occurs if (0, αe ) and is welfare-increasing in such scenario. As α increases
and approaches αe , social welfare increases under a CBM (e.g., W (αe− ) > W (1− )).
Therefore, a corollary from Proposition 4 is that considering the possibility of an exit, we
are better able to determine whether a CBM, an IMM, or no merger is most beneficial
to social welfare.
W(α)

W(α)
CBM

IMM

αne

IMM

W (αe− )

W (1− )

W cb

0

CBM

1

α

0

αne

αe

Figure 3 – Welfare: the benchmark scenario (left) vs. that of a possible exit (right).

7

Asymmetric Markets

In this section, we assume asymmetric markets, with the home market being a duopoly,
and the foreign market being an oligopoly of n > 2 firms.
Let us study the incentives for firm 1 to merge cross-border and in-market, as a
function of the number of firms in the foreign market. If firm 1 merges in-market,
its profits are unchanged, as the IMM benefits are independent of the foreign market
structure. Thus, the incentives for IMMs are unchanged. On the contrary, when firm
1 merges cross-border, its profits are Π13 (c) = Π1 (c, 2) + Π3 (c, n) with probability β
and Π13 (c̄) = Π1 (c̄, 2) + Π3 (c̄, n) with probability 1 − β (where the second term in

1

α
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parentheses designates the number of firms in the market). As the foreign market is
now less concentrated, CBM profits are lower than in the baseline model. In this case
and independently from the merger policy, cross-border merging is less beneficial. Then,
suppose that for β that is not too low, V1cb (n) < V1cb and V1e (n) < V1e , and let αne (n)
and αe (n) designate the threshold values of α for asymmetric markets. 22 We can state
the following proposition:
Proposition 5. With n > 2 firms on the foreign market, there is slightly less scope for
cross-border merging compared to in-market merging, i.e., αne (n) < αne , and αe (n) < αe .

Considering welfare, our analysis is the same as in the previous section, except that
(i) the mergers’ thresholds are changed, and (ii) an exit-by-merger is more likely to be
welfare-increasing, as the foreign market is less concentrated. Therefore, despite the fact
that CBMs appear less attractive, our conclusions regarding the trade-off between IMM
and CBM still hold.

8

Discussion

In this section, we review some elements of our framework and suggest future research
directions.
In our framework, the home and foreign markets are concentrated ex ante. In
practice, a competition authority would thus expect efficiency gains sufficiently high to
compensate for the potential anti-competitive effects of the merger. This may entail
merger remedies. 23 Introducing merger remedies in our framework would affect the tradeoff between an IMM and a CBM. Two types of merger remedies can be contemplated:
22

A value of β that is not too low ensures the validity of assumptions on V1s (n) and V1s .
For an analysis along these lines, see Chone and Linnemer (2008) and Dertwinkel-Kalt and Wey
(2016).
23
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structural remedies (e.g., allowing entry of a new market player) or behavioral ones (e.g.,
a price cap). Such remedies would have two main effects on merger prospects. On the
one hand, merger remedies would mitigate potential anti-competitive effects, thereby
increasing the probability of merger acceptance α for an IMM. On the other hand, the
profitability of an in-market merger would be reduced, due to lower gains in market
power. The former effect will tend to encourage the choice to merge in-market rather
than cross-border. The latter effect will rather favor cross-market mergers. 24 In sum,
we expect that merger remedies will impact the trade-off between an IMM and a CBM
in a ambiguous way.
Moreover, in this framework we do not consider the presence of a potential outsider,
neither in the home market nor in the foreign one. If we relax this assumption, a
merger-to-monopoly in the home market may induce entry of an outside firm in the
same market, provided that entry barriers are not too high. The post-merger entry of
an outsider has the same (ambiguous) effect on the trade-off between an IMM and a
CBM than (structural) merger remedies: on the one hand, it increases the probability
that the competition authority clears the IM merger, favoring IMM over CBM; on the
other hand, it decreases the profitability of an IM merger, leading the firm to favor
CBM over IMM.
Finally, alternative scenarios could be explored. For instance, in a framework where
in-market merging has an uncertain outcome, one aim of merger policy could be to
protect local consumers from unprofitable IMMs. One way to do so would be to
encourage CBMs which generate market level synergies (e.g., know-how). However, if
due to the severity of merger policy, exit barriers were higher, firms may be deterred
from merging cross-border and local consumers may be damaged. Moreover, in the
24

An example is the aborted merger project between TeliaSonera and Telenor in Denmark (2016).
To be cleared, the European Commission required a structural merger remedy, i.e., the entry of new
firm. To this extent, the merging firms cancelled their merger project (Les Echos on 8 July 2016).
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scenario where an IMM is found to be unprofitable, an exit by the mean of a cross-border
merger may be considered, i.e., a domestic firm selling its domestic subsidiary to a
foreign firm. In this case, exit prospects will depend on expected market level synergies
of cross-border merging. The analysis of these scenarios is left to future research.

9

Conclusion

In this paper, we examine how merger policy impacts the trade-off between in-market
and cross-border mergers. We first study a benchmark case where an exit-by-merger is
impossible and hence that merger policy only affects in-market merger’s profitability.
We find that a stricter (more lenient) merger policy shifts firms’ decisions towards
cross-border mergers (in-market mergers). On the contrary, if it is possible to exit by
merger, we find that the merger policy also affects the incentives to merge cross-border
by lowering (or increasing) exit barriers. The trade-off between both merger types is
therefore altered, as the merger policy affects the incentives to merge in-market and
cross-border differently. In this respect, we determine the thresholds values for which a
firm chooses an IMM when exit is not possible while it chooses a CBM if exit-by-merger
is possible. Our analysis then implies that if the merger policy were very strict and
market-level synergies were low (i.e., the payoff from merging would be low), firms would
ultimately not merge at all. Examining welfare, we find that if the possibility of exit
is considered, the merger policy affects cross-border in addition to in-market mergers
because a CBM may induce a subsequent merger (exit-by-merger). This suggests that
a policy maker is therefore better able to determine whether a CBM, an IMM, or no
merger at all is the most relevant scenario to social welfare.
The framework presented in this paper is specific and relies on a number of assumptions. We used a simple reduced-form model, which does not incorporate all the

9.
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dimensions at play in mergers and in merger assessment. Using this specific model,
we show that merger policy affects firms’ trade-off between in-market and cross-border
mergers. A more general model would allow to qualify these results, for example by
providing a more detailed model of the merger assessment process by a competition
authority. This is left to future research.
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APPENDIX A
Definition of αne .
Under Assumption 1, we have V1cb − V1im |α=0 > 0. Furthermore, V1cb − V1im |α=1 < 0 if

β < (Π12 (c) − Π13 (c̄))/(Π13 (c) − Π13 (c̄)). Since Π12 (c) ≥ Π13 (c), this inequality holds if
β < 1.

Proof of Lemma 2
Firm 1 prefers cross-border merging to the status quo if V1e ≥ (1 + δ)Π(c), or if
β [(1 + δ)(Π13 (c) − Π13 (c̄)) − δαΠ(c)] ≥ −[(1 + δ)Π13 (c̄) + δαΠ(c)] .
|

{z
A

}

|

{z
B

}

While B is negative, A is either positive or negative. First, consider if A > 0. We have
A > 0 ⇔ δ/(1 + δ) < (Π13 (c) − Π13 (c̄))/αΠ(c), which means that β ≥ B/A where B/A
is negative. In our setting, it means that the minimum β for which a CBM is preferred

to the status quo is zero. Therefore, if δ/(1 + δ) < (Π13 (c) − Π13 (c̄))/αΠ(c) and β > 0,
a CBM is preferred to the status quo.

Consider if A < 0. We have A < 0 ⇔ δ/(1 + δ) > (Π13 (c) − Π13 (c̄))/αΠ(c), which

means that β ≤ B/A where B/A is positive. However, β being the probability of market
level synergies, this case has no economic sense and is not considered.

Definition of αe and proof of Proposition 3
Under Assumption 1, V1cb − V1im |α=0 > 0.

V1e − V1im |α=1 < 0 if δ/(1 + δ) < [Π12 (c) − (βΠ13 (c) + (1 − β)Π13 (c̄))] /(1 − β)∆E. The

numerator is positive as β < 1.
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We show that αe > αne . To this end, we compute the difference between cross-border

and in-market merging payoffs with and without a possible exit.
[V1e (αe ) − V im (αe )] − [V1cb − V im (αne )] = 0
⇔ δαe (1 − β)∆E + (1 + δ) (αne − αe ) [Π12 (c) − 2Π(c)] = 0
⇔ αe (δ(1 − β)∆E − (1 + δ) [Π12 (c) − 2Π(c)]) + (1 + δ)αne [Π12 (c) − 2Π(c)] = 0
⇔ αe =

−(1 + δ)[Π12 (c) − 2Π(c)]αne
.
δ(1 − β)∆E − (1 + δ) [Π12 (c) − 2Π(c)]

The numerator is negative and the denominator is also negative (by equation (7)).
Therefore, αe = kαne , where

k≡

−(1 + δ)[Π12 (c) − 2Π(c)]
> 1.
δ(1 − β)∆E − (1 + δ) [Π12 (c) − 2Π(c)]

Therefore, αe > αne .

Proof of Lemma 3
In expectation, a CBM is not price-increasing if
βp(c, c) + (1 − β)p(c̄, c) ≤ p(c, c)
⇔β≥

p(c, c) − p(c̄, c)
≡ βp .
p(c, c) − p(c̄, c)

Detailed welfare expressions
If firm 1 merges in-market, the expected welfare is as follows:
W im (α) = (1 + δ)(αw(c) + (1 − α)w(c, c)),
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where w(., .) is the sum of producer and consumer surpluses, which depend on marginal
costs.
If firm 1 merges cross-border, the expected welfare is:
W cb =(1 + δ)(β(w(c, c)) + (1 − β)w(c̄, c)),
W e (α) =W cb + δα(we − w(c, c̄)),
for the benchmark case (cb) and with a possibility of exit (e), respectively, where
we = w(c, c) + w(c) is the level of social welfare after an exit via a merger.
Therefore, we have W (1− ) = W im (1− ) = (1 + δ)w(c) and W (αe− ) = W e (αe− ) =
W cb + δαe− (we − w(c, c̄)).

Proof of Proposition 5
We build the thresholds αne (n) and αe (n) in the same way as in the baseline model.
Given that:











V1cb (n) − V1im

|α=0

< V1cb − V1im

|α=0

V1cb (n) − V1im

|α=1

> V1cb − V1im

|α=1

,
,

we deduce that αne (n) < αne . We proceed in a similar way if exit is possible to show
that αe (n) < αe .

APPENDIX B
Cournot Example
Our model assumptions are satisfied for the symmetric Cournot model.
Let D(p) = a − bp be the monopoly demand and D(pi , pj ) = a − b(pi + pj ) be the
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duopoly demand. The monopoly maximizes its profit (p − c)D(p) with respect to price p,

whereas in a duopoly, firm i maximizes its profit (pi − c)D(pi , pj ) with respect to pi ,
taking pj as given.

The equilibrium profits in the different scenarios (initial duopoly game, profits after
an IMM and a CBM, profitable or unprofitable) are as follows:
(a − c)2
Π(c) =
,
9b

(a − c)2
Π12 (c) =
,
4b

2(a − 2c + c)2
Π13 (c) =
,
9b

2(a − 2c̄ + c)2
Π13 (c̄) =
,
9b

where we assume that a > 2c̄ − c. Note that Π34 , the IMM profit after an exit-by-merger,
is equal to Π12 .

From Lemma 1, the minimum β such that a CBM is preferred to the status quo is:
β ne =

(a − c̄)(c̄ − c)
.
(a + c − c̄ − c)(c̄ − c)

From Lemma 3, the minimum β such that, in expectation, a CBM is never priceincreasing is
βp =

c̄ − c
,
c̄ − c

where βp > β ne , meaning that in the Cournot framework, the minimum β such that a
CBM is never price-increasing is higher than the minimum β making the CBM preferable
to status quo.
Numerical example. As an illustration, let a = b = 1, c = 0.5, c̄ = 0.6, c = 0.35,
β = 0.5, and δ = 0.5. In this case, β ne = 0.29, βp = 0.4, the exit payoff is ∆E = 0.07
and αne ≈ 0.51 < αe ≈ 0.7.

The figure below illustrates the trade-off between in-market and cross-border merger

in this numerical example for the Cournot setting.
If the IMM yields very limited efficiencies and the CBM is highly unprofitable, the
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exit payoff can be negative (as mentionned in footnote 17): for example, if c̄ = 0.88 and
c = 0.49, then ∆E = −0.008.
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Figure 4 – IMM vs CBM trade-off – Cournot example.
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Chapter 2
Public vs. Private Investments in
Network Industries
Abstract We study the competition between a private firm and public firms on prices
and investment in new infrastructures. While the private firm maximizes its profits,
public firms maximize the sum of their profits and consumer surplus, subject to a budget
constraint. We consider two scenarios of public intervention, with a national public
firm and with local public firms. In a monopoly benchmark, we find that the national
public firm has the highest coverage and charges a uniform price allowing cross-subsidies
between high-cost and low-cost areas. Moreover, the private firm covers as much as
local public firms. In a mixed duopoly, a stronger competitive pressure drives firms’
prices up while it drives down (up) the national public (private) firm’s coverage.
Keywords: public firms, investment, network industries, mixed duopoly.

JEL codes: D43; H44; L20; L33.
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1

Introduction

Due to the high costs of rolling out infrastructures, public authorities often play a key
role for the deployment of new networks. In the telecommunications sector, for example,
public authorities of many countries are involved in the deployment of the so-called
“next-generation networks”, capable of delivering high-speed access to the Internet.
In Australia, the National Broadband Network is a nation-wide publicly funded
infrastructure project, using the fiber-to-the-home (FTTH) technology, which aims
at covering 93% of Australian households and businesses. 1 In the US, the Trump
administration is exploring the possibility of building a national 5G mobile network.
Private operators and the Federal Communication Commission have raised concerns
about this idea on the ground that the market is the best placed to foster innovation
and investment. 2 FCC Chairman Ajit Pai stated:
“I oppose any proposal for the federal government to build and operate
a nationwide 5G network. The main lesson to draw from the wireless
sector’s development over the past three decades is that the market, not
government, is best positioned to drive innovation and investment (...). Any
federal effort to construct a nationalized 5G network would be a costly and
counterproductive distraction from the policies we need to help the United
States win the 5G future."
Local authorities are also engaged in the roll-out of high-speed broadband infrastructures. For example, the city of Chattanooga was the first to offer 1Gbit/s high-speed
Internet access in the US through a local public company (Electric Power Board). 3 In
1

Similarly, in New-Zealand, the Ultra-Fast Broadband Initiative is a public-private partnership of the
government with four private companies, aiming at building a fibre-to-the-home network infrastructure
covering 87% of the population by the end of 2022.
2
FTC release (29/01/2018).
3
Other American cities have deployed public-owned fiber-optic networks offering high-speed Internet
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Europe, the province of Siena (Terrecablate) in Italy, the city of Nuenen (OnsNet) in
the Netherlands, and the county of Hérault in the South of France (Hérault Numérique),
among others, have invested in next-generation access infrastructures. 4
Public intervention in the deployment of network infrastructures is justified by a
perceived market failure: because they do not internalize all the external effects from
high-speed network infrastructures, the argument goes, private operators underinvest,
or do not invest fast enough, compared to what would be socially desirable.
However, public investment in next-generation access networks is realized at the
same time as private investment in other areas, but also sometimes the same areas. This
has raised a hot debate on whether public investment crowds in or rather crowds out
private investment. With the concern that public investment could undermine private
investment, in the US twenty states have passed legislation banning or restricting public
provision of Internet access as of 2016. 5 Tennessee state law has prevented Electric
Power Board of Chattanooga from expanding to adjacent communities that lack fast,
cheap Internet access. 6 Private operators also question the role of public investment.
For example, AT&T wrote to the Federal Communication Commission (FCC) that
municipal broadband can bring private ISPs to “operate at a competitive disadvantage",
and that there should be restrictions on public broadband projects to ensure a “level
playing field". 7
A key issue is therefore to ensure a fair competitive environment for private firms.
acces, e.g., Lafayette, La., Bristol, Va., etc. See New-York Times (04/01/2014).
4
These broadband plans are developed in accordance with the Services of General Economic Interest
(SGEI) principle. SGEI are economic activities that public authorities identify as being of particular
importance to citizens and that would not be supplied (or would be supplied under different conditions)
if there were no public intervention.
5
http://apps.fcc.gov/ecfs/document/view?id=7521826169.
6
Chattanooga petitioned the Federal Communications Commission to preempt that state law, and
the FCC granted the request, using its authority to promote competition in local markets by removing
barriers to infrastructure investment. However, the State of Tennessee sued the FCC to overturn its
decision. The case is in process.
7
http://apps.fcc.gov/ecfs/document/view?id=7521825939.
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The Broadband Guidelines in the European Union (European Commission, 2009) follow
this objective. Public authority face a complex trade-off here. On the one hand, there is
this risk that public investment crowds out private investment, as discussed above. On
the other hand, in some areas private investment will not materialize, at least in the
short or medium term, due to high costs of infrastructure deployment. In this paper, we
provide a theoretical framework to study this trade-off, and characterize the potential
benefits and costs of public intervention in the deployment of network infrastructures,
when private firms also invest in infrastructures.
We build a model where a private firm competes with public firms in prices and
coverage of a new network infrastructure in a given country. Firms decide simultaneously
on prices for their services, and on coverage of the country with the new network. The
private firm is a profit maximizer, whereas public firms maximize the sum of their
profits and consumer surplus, subject to a budget constraint. We consider two scenarios
of public intervention: with a national public firm and with local public firms. The
national public firm charges the same uniform price all over the country, subject to a
global budget constraint. Each local public firm is based in a given area of the country,
and charges a price for the service that applies only locally, subject to a local budget
constraint. We assume that the private firm charges a uniform price all over the country,
as the national public firm. All the areas of the country have the same demand, but the
investment cost increases (at an increasing rate) as the operators turn to outlying areas.
First, we examine firms’ decisions in a monopoly benchmark. We find that the private
firm charges the monopoly price and covers up to a monopoly area where the marginal
cost of investment is equal to the (local) monopoly profit. The national public firm
charges a price lower than the monopoly price, and cross-subsidizes between low-cost
and high-cost areas. Cross-subsidies allow the national public firm to cover a larger
share of the country than the private firm, up to the area where the marginal social
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benefit of investment becomes lower than the marginal cost of investment. Local public
firms charge prices that are contingent on the investment cost in their area. They cover
the same territory than the private monopoly. Total welfare is always higher with a
national public firm or local public firms, compared to a private monopoly. In a specific
Shubik-Levitan linear demand model, we also show that welfare is higher with a national
public firm than with local public firms.
We then examine firms’ decisions in a mixed duopoly framework, when the private
firm competes with the national public firm or local public firms in prices and coverage.
We focus on the case where public firms lead in investment, that is, invest more than the
private firm in equilibrium. In this situation, the private firm competes with the public
firms in low-cost areas, while public firms operate as a monopoly in the costlier areas.
When the private firm competes with the national public firm, we find that the
private firm reacts to price increase of its rival by increasing its own price (strategic
complementarity), whereas the national public firm reacts by decreasing its own price
(strategic substitutability). A larger overlap between the private firm’s and the public
firm’s networks drives firms’ prices up. The reason is that the competition from the
private firm makes it harder for the public firm to break even by setting low prices.
Since a larger overlap means more competition, the public has to increase its price to
satisfy its budget constraint. The private firm then reacts by increasing its price. In
the equilibrium of the coverage-price game, we find that total coverage by the national
public firm is lower than in the benchmark. Whereas competition leads the private firm
to set lower prices than in the benchmark, the public firm may charge higher prices
than in the benchmark. This is because the competition from the private firm makes it
harder to sustain low prices.
When the private firm competes with local public firms, we find that a larger overlap
between the private firm’s network and the local public firms’ networks leads to a higher
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price by the private firm and lower prices by the local public firms. This is because,
when the private firm covers a larger territory, with more overlap with the public firms,
it faces local public firms that are less aggressive in prices, as they have to charge a
higher price to cover their higher investment costs. The private firm reacts to the softer
competition (on average) by increasing its uniform price. Since the private firm increases
its price, the budget constraint of local public firms is relaxed and they then react
by decreasing their own prices. In the equilibrium of the coverage-price game, total
coverage is the same than in the benchmark. The private firm sets a lower price than in
the benchmark, while the local public firms set higher prices.
The rest of the paper is organized as follows. In Section 2, we discuss the related
literature. Section 3 presents the model framework. In Section 4, we solve the model
in a monopoly benchmark. We study the mixed duopoly between a private firm and a
national public firm in Section 5, and the mixed duopoly between the private firm and
local public firms in Section 6. Section 7 concludes.

2

Related Literature

Our paper is related to three strands of literature on (i) the impact of regulation on the
roll-out of network infrastructures, (ii) mixed oligopolies, and (iii) public intervention
for investment in new networks.
In the first strand of literature, various studies have analyzed the impact of universal
service obligations (USOs) on the deployment of network infrastructures. Valletti,
Hoernig and Barros (2002) examine the impact of universal service obligations as a form
of regulation that puts constraints on firms’ pricing and coverage decisions. Uniform
pricing constraints oblige firms to offer their services at a geographically uniform price,
whereas coverage constraints oblige firms to cover at least a given area. The authors
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show that the entrant’s coverage and total coverage can be smaller with the uniform
pricing constraint than without it. They also show that there are trade-offs between
larger coverage and higher welfare of served consumers, and between consumer welfare in
markets with competition or monopoly. With the uniform pricing constraint, the benefits
of competition, in terms of lower prices, are distributed to all consumers, even those
not served by the entrant. On the other hand, in duopoly areas consumers are charged
a higher price and firms’ coverage levels are lower. If the regulator imposes a high
coverage constraint, the number of consumers increases, but consumers in low-cost areas
are hurt due to higher prices. This is because larger coverage softens competition: the
incumbent is less willing to compete for market share and is thus more accommodating.
Similar results on the impact of uniform pricing constraints have been obtained by
Anton et al. (2002), Choné et al. (2000, 2002) and Foros and Kind (2003). Hoernig (2006)
shows that the opening of the market to competition in the presence of uniform pricing
constraints on all operators – both incumbent and entrant operators – gives rise to a series
of neighboring monopolies rather than competition for customers. In a more general
framework, Gautier and Wauthy (2010) show that under uniform pricing obligations,
the incumbent has conflicting incentives: on one hand, it may be tempted to “withdraw"
to regions with limited competition and charge high prices, leaving the more competitive
regions to the entrant; alternatively, it may be willing to undercut the entrant to win
market share. Gautier and Wauthy show that, due to this conflict, an equilibrium in
pure-strategies may fail to exist.
This paper is also related to the literature on access regimes and investment incentives.
Some papers examine the impact of access on the investment incentives of incumbent
operators (Foros (2004) and Nitsche and Wiethaus (2011)), while other papers analyze
entrants’ investment incentives (Bourreau and Doğan, 2006). Bourreau, Cambini and
Hoernig (2015) investigate the impact of different access regimes on investment in
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different geographical areas of a country. Two different access regimes are studied. In
the “duplication-based" regulatory regime, the regulator sets different access prices
in the areas with a single infrastructure and in the areas with multiple competing
infrastructures. In the “competition-based" regulatory regime, the regulator sets the
access price only in the areas where just one infrastructure is present, and leaves it to
the market when multiple infrastructures are present, expecting competition to arise
at the wholesale level. Their main finding is that the partial deregulation of access
in competitive areas can be suboptimal. Duplication-based regulation creates more
certainty both for firms and regulators and leads to greater welfare, provided that the
regulator is fully informed and can fully commit to setting different prices. However, the
regulator may suffer from information asymmetry and commitment problems. In this
case, competition-based regulation may become the only feasible alternative to uniform
prices. In conclusion, they show that compared to uniform access pricing, the adoption
of geographically differentiated access prices can improve welfare and investment.
Our paper is also related to the literature on wholesale competition between vertically
integrated firms. Ordover and Shafer (2007) consider a framework where one of the
vertically integrated firms has a larger customer base than the other. The new entrant
can enter the market only “service-based", and in two different ways. Either it can
engage in “own-supplier cannibalization" (i.e., cannibalize only the sales of its upstream
supplier), or in “proportional cannibalization" (i.e., cannibalize the sales of the two
integrated firms in equal proportions). They find that there is entry in equilibrium and
that the wholesale market is perfectly competitive in the latter case, whereas the entrant
remains out of the market in the former case (as no integrated firm makes a wholesale
offer). This is because, in the former case, the benefits from selling in the wholesale
market (i.e., wholesale profits) do not compensate for the costs associated with it (i.e.,
the reduction of retail profits). Brito and Pereira (2010) examine a different setting with
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circular differentiation between downstream firms , and obtain similar results. Bourreau,
Hombert, Pouyet, and Schutz (2011) consider a model of two-tier competition between
two vertically integrated firms and one unintegrated downstream firm. They show there
are equilibria where the wholesale market is not competitive.
Our paper is also related to the literature on mixed oligopolies. Merill and Schneider (1966) show that the existence of a public firm in an oligopolistic industry can
result in improved market performance, with lower prices and increased output. Beato
and Mas-Colell (1984) examine a mixed duopoly where the public firm takes as given
the output of the private firm and is instructed by the government to use marginal
cost pricing when choosing its own level of output. At the same time, the private firm
acts as a leader maximizing its profits along the public firm’s reaction function. The
main conclusion of their analysis is that such behaviour sometimes leads to higher
social welfare than what could be obtained in the traditional second-best approach. De
Fraja and Delbono (1989) investigate an industry formed by a single public firm and
several private firms. They find that social welfare may be higher if the public firm is
instructed to maximize profits rather than total surplus. Cremer, Marchand et Thisse
(1989) examine to what extent a public firm is a relevant instrument to regulate an
oligopolistic market. They find that the nationalization of a single firm in an industry
with only private firms can be socially optimal. However, if there are several existing
public firms, higher total surplus is likely to be achieved if all but one of the public firms
are privatized.
While the above cited papers consider public firms which maximize total welfare,
other studies consider public firms which maximize a weighted sum of profits and
consumer surplus. Matsumura (1998) considers partial privatization with a duopoly
involving a private firm and a privatized firm which is jointly owned by the public and
private sectors. The author finds that full nationalization (i.e., the government holds all
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shares in the firm) is not optimal unless the public firm is a monopolist. This suggests
that in the context of a mixed oligopoly, the public firm should be (at least partially)
privatized. On the other hand, he finds that full privatization (i.e., the government sells
all shares of the public firm) is not optimal if the public firm is as efficient as the private
firm. This suggests that partial privatization is a reasonable choice for the government in
the context of a mixed oligopoly. Lee, Matsumura and Sato (2017) consider a framework
where private firms first choose whether to enter the market and then the government
chooses the degree of privatization of the public firm. Their main finding is that the
equilibrium degree of privatization is too high (low) for both domestic and world welfare
if private firms are domestic (foreign).
Another set of papers in the literature on mixed oligopolies considers public firms
which maximize the sum of their profits and consumer surplus. Armstrong and
Weeds (2007) study programme quality in digital television. They examine the case
of a private duopoly and then consider a mixed duopoly where a private broadcaster
competes with a public broadcaster. They show that the public firm obtains a larger
audience and broadcasts less advertising than the private competitor. However, the
public firm does not necessarily broadcast programs of higher quality.
Jullien, Pouyet, and Sand-Zantman (2010) analyze the relationship between a national
regulator, an incumbent and a local firm investing in a new network. They model a
country divided into “districts", which differ by the level of demand for new services and
the cost of building a new network. In a sequential game, the authors examine whether
local government intervention in the network infrastructure should be limited so that
private investments are not crowded out. Due to externalities, the investment decision
of the local government in one district may influence the profitability of the private
investment in another district. The authors takes into account that the incumbent
operates under asymmetric information (since it cannot foresee the investment decision
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of the local government). They also consider that the objectives of the regulator and
the local government may diverge since the regulator maximizes not only the municipal
agents’ welfare. They find that public investment can be efficient in white areas, but
that a ban of local government intervention can be welfare-enhancing in grey areas in
presence of externalities, asymmetric information or conflicting goals between regulator
and local governments. Therefore, the national regulator has to consider these issues
when designing rules for investment of local governments. 8 In the same vein, Jullien,
Pouyet and Sand-Zantman (2018) study the link between private firms’ incentives to
invest and public intervention.
In a recent empirical contribution, Wilson (2017) investigates to what extent public
competition from local governments may crowd-in or crowd-out private investment
in broadband infrastructures. He uses nationwide US data to estimate a dynamic
oligopoly model. Wilson finds that public competition decreases the probability of
private investment due to a crowding-out effect. However, it increases the probability
of private investment through a preemption effect. The overall effect is that public
investment crowds-out more private investments than it induces through preemption.
However, he finds that a ban on public investment in 30 U.S. states would result in
total welfare loss of $18.78 billion over 20 years. Wilson (2017) concludes that banning
public provision of internet access increases the profits of incumbent private firms at the
expense of both consumers and local governments.
Finally, our paper is related to the literature discussing public intervention and
investment in new networks. Cave and Martin (2010) analyze the main motives of public
investment and show that industrial policy, equity objectives and economic recovery
are the main ones. They also question the means of public intervention by studying
three broadband plans: Australia, New Zealand and Singapore. Hauge, Jamison and
8

In a more general treatment, Jullien, Pouyet, and Sand-Zantman (2017) examine the possibility
that the local government reaches different types of contractual agreements with the incumbent.
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Gentry (2008) compare the types of markets that municipally owned telecommunications
providers in the United States serve to the types of markets that competitive local
exchange carriers (CLECs) serve. They find that CLECs focus on potential profitability,
while municipalities appear to respond to other factors (e.g., political considerations).
Thus, they find that municipal providers tend to serve markets that CLECs do not
target, and therefore the presence of a municipal provider in a market does not affect
the probability that a CLEC also serves that market. Their results suggest that
municipalities may not pose a significant competitive threat to CLECs and do not
preclude CLEC participation. Briglauer, Holzleitner and Vogelsang (2016) question the
contract practice of determining ex-ante targets of network expansion by governments.
Due to information asymmetry and uncertainty, they show that delegating the choice of
network expansion to a better informed network operator is efficient.

3

Model

We consider a country composed of different areas z ∈ [0, ∞), with identical demand but
different sunk costs of being covered with a network infrastructure. The cost of covering
an area z ∈ [0, ∞) is c(z), with c0 (z) > 0, c(0) = 0, and limz→∞ c(z) = +∞. The total
cost of covering the areas from 0 to z is then C(z) =
and C 00 (z) = c0 (z) > 0.

Rz
0

c(x)dx, with C 0 (z) = c(z) ≥ 0

A private firm competes with public firms in coverage and prices all over the country.
The private firm, firm P , makes its decisions in order to maximize its profit, whereas
public firms maximize the sum of their profit and consumer surplus under a budget
constraint. 9 We consider two types of public firms: (i) a national public firm, firm N ,
9

The public firm cares about its own profit and consumer surplus, but not about the private
firm’s profit. This assumption about the public firm’s objective function is in line with, for example,
Matsumura (1998), Armstrong and Weeds (2007) and Jullien et al. (2010).
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which decides on prices and coverage for the whole country; and (ii) local public firms
based in each area z, making independent price and coverage decisions, which we all
call L for simplicity. We assume that all firms, be they private or public, have the same
constant marginal cost of production, which we normalize to zero.
Depending on the coverage decisions of the firms, each local market can have no
provider, a monopoly provider, or two competing providers. The monopoly demand in a
local market for a given price p, Dm (p), is the same for all firms i ∈ {P, N, L}, and we
denote by Did (pi , pj ) the duopoly demand for firm i, where pi denotes the price of firm i

and pj the price of the rival firm j. Firms offer differentiated products. The monopoly
demand is downward-sloping, and as usual we assume that a firm’s demand decreases in
its own price (∂Did (pi , pj )/∂pi ≤ 0) and increases in its rival’s price (∂Did (pi , pj )/∂pj ≥ 0).
Finally, the duopoly demands are symmetric: Did (pi , pj ) = Djd (pi , pj ).

We assume that the private firm P and the national public firm N set a uniform
price that applies to all their covered areas in the country, which is a standard business
practice in network industries. By contrast, each local public firm L sets a price that
applies only locally, and depends on the market conditions in the area.
We assume away any subsidies for public deployment of infrastructures; the difference
in coverage and pricing incentives between the private firm and the public firms thus
only stems from the difference of objective functions.
Social welfare in a given area, gross of investment costs, is defined as the sum of firms’
profits and consumer surplus, and denoted by wm (pi ) and wd (pi , pj ) for a monopoly
area and a duopoly area, respectively. We assume that it is decreasing in prices, i.e.,
∂wm (pi )/∂pi ≤ 0 and ∂wd (pi , pj )/∂pk ≤ 0, for k = i, j.

Finally, we make the following assumption on profits:

Assumption 1. The monopoly profit pDm (p) and the duopoly profit pi Did (pi , pj ) are
concave in prices.
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We denote the optimal monopoly price by pm = arg maxp pDm (p) and the monopoly

profit by π m ≡ pm Dm (pm ). Moreover, let BRd (pj ) ≡ arg maxp pDid (p, pj ) denote the

duopoly best-response, for j 6= i. We assume that prices are strategic complements. The

equilibrium in duopoly is assumed to exist and be unique; the duopoly price is given by
pd = BRd (BRd (pi )) and the duopoly profit is π d ≡ pd D(pd , pd ).

We study the coverage-price game where firms decide simultaneously on coverage

and prices. We look for the Nash equilibrium of this game.

4

Monopoly benchmark

In this section, we solve for the equilibrium of the coverage-price game in a monopoly
benchmark, where only one firm, private or public, is active. We study the equilibrium
outcome under monopoly with (i) a private firm, (ii) a national public firm, and (iii)
local public firms.
Private firm. The private firm, P , decides on a uniform price, p, and a coverage, z,
to maximize its profit, which is given by: 10
ΠP = zpDm (p) − C(z).

(1)

Firm P covers the areas from 0 to z for a total investment cost C(z), and obtains the
monopoly profit pDm (p) in each covered area. Its optimal coverage and price decisions
are then as follows.
Lemma 1. The monopoly private firm sets the monopoly price PPm = pm and covers up
to the area ZPm = z m , with z m = c−1 (π m ).
10

Note that in this monopoly benchmark, the private firm has no incentive to price discriminate
between areas since the demand is the same in all areas.
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Proof. For a given coverage z, firm P ’s profit, which is given by (1), is maximized at
the monopoly price p = pm . Replacing for p = pm into (1), the optimal coverage for the
private firm is then given by c(z) = pm Dm (pm ) = π m , i.e., z = c−1 (π m ) ≡ z m .
The private firm sets the monopoly price in all covered areas, since it maximizes its
local profits. It then covers up to a marginal area when the marginal private benefit
from investment (the monopoly profit) is equal to the marginal cost of investment.

National Public firm. The national public firm, N , chooses a uniform price, p, and a
coverage, z, to maximize the sum of its profit and consumer surplus, less the investment
cost:
WN = zwm (p) − C(z),

(2)

subject to the budget constraint zpDm (p) − C(z) ≥ 0. Note that in this monopoly
framework, the sum of N ’s profit and consumer surplus corresponds to social welfare.

Lemma 2. Under monopoly, the national public firm sets the uniform price PNm ≤ pm

and covers up to the area ZNm > z m , with wm (PNm ) = c(ZNm ) and ZNm PNm Dm (PNm ) −
C(ZNm ) = 0.

Proof. Consider first firm N ’s pricing decision for a given coverage z. From our assumptions, for a given coverage z, total welfare, which is given by (2), is decreasing in the
price p, whereas the public firm’s profit, zpDm (p) − C(z), is increasing in p, up to the

monopoly price pm . Firm N thus sets the minimum price such that its budget constraint
still holds. Let pN (z) denote the lowest price p such that zpDm (p) − C(z) ≥ 0. The

limit price pN (z) exists if and only if zπ m ≥ C(z). If it does, N ’s optimal price, for a
given coverage z, is pN = pN (z). If pN (z) does not exist, there is no price allowing the
firm to break even while covering the areas from 0 to z.
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Using the implicit function theorem on the budget constraint and the fact that c0 > 0,

we find that ∂pN (z)/∂z ≥ 0. Furthermore, we have pN (z) ≤ pm . Intuitively, if the
public firm covers a larger part of the country, it must set a higher uniform price to

break even. This price cannot be larger than pm , since the monopoly profit is decreasing
for p ≥ pm .

Consider now firm N ’s choice of coverage for a given uniform price p. Using (2),

N ’s optimal coverage is the solution of wm (p) = c(z). The optimal coverage for the
public firm is then the solution of wm (pN (z)) = c(z). Since pN (z) is increasing in z and
w(p) is decreasing in p, wm (pN (z)) is decreasing in z, whereas c(z) is increasing in z,
with c(0) = 0 and limz→∞ c(z) = +∞. Therefore, there exists a unique ZNm such that
wm (pN (ZNm )) = c(ZNm ). The public firm’s optimal uniform price is then PNm = pN (ZNm ).
Finally, we have PNm ≤ pm as PNm = pN (ZNm ) and pN (z) ≤ pm for all z. Furthermore,

since wm (p) is decreasing and pN (ZNm ) ≤ pm , ZNm is larger than the coverage z 0 defined by
wm (pm ) = c(z 0 ). Since wm (pm ) > pm Dm (pm ) = c(z m ), z 0 > z m and hence ZNm > z m .

The public firm covers the areas where the marginal social benefit of investment is
greater than the marginal cost of investment, taking into account the uniform price that
allows it to break even. This price depends on the marginal area covered, and increases
with the level of coverage. As a consequence, the marginal social benefit of investment
decreases as the public firm covers more outlying areas. Equilibrium coverage is then
defined by the intersection of the (decreasing) marginal social return to investment with
the (increasing) marginal investment cost.
Local public firms. Finally, we investigate the case where a continuum of local public
firms, based in all the areas of the country, decide independently on the coverage of
their area and the local price of the service. We define as I(z) ∈ {0, 1} the investment
strategy of firm L, based in area z, where I(z) = 1 if L invests, and I(z) = 0 if it does
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not.
Let pL denote firm L’s price in local area z, conditional on coverage. Firm L’s
objective is to maximize the local area’s welfare, which is given by
I(z) [wm (pL ) − c(z)] ,

(3)

subject to the local budget constraint
pL Dm (pL ) − c(z) ≥ 0.

(4)

Lemma 3. Under monopoly, local public firms set the price PLm (z), which is increasing
in z, so that their local budget constraint binds, and cover up to the area ZLm = z m .

Proof. Consider first firm L’s pricing decision in a given area z. Since ∂wm (p)/∂p < 0,
firm L sets the lowest price compatible with its budget constraint (4). Let pL (z) denote
the lowest price such that pL Dm (pL ) − c(z) ≥ 0, which exists if and only if π m ≥ c(z).
If it exists, firm L’s optimal price for a given coverage z is pL = pL (z). Since the
investment cost c(z) is increasing, pL (z) is increasing too.
Note that pL (z) > pN (z). Indeed, the budget constraint for N can be written as
pN Dm (pN ) − C(z)/z ≥ 0, and
c(z) −

C(z)
1Z z
=
(c(z) − c(t)) dt > 0,
z
z 0

as c0 > 0. We now solve for firm L’s coverage decision. Replacing for pL (z) into (3)
and (4), firm L decides to invest if and only if
wm (pL (z)) − c(z) ≥ 0,

with

pL (z)Dm (pL (z)) − c(z) = 0,

(5)
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that is, the local public firm invests if the social benefit from investment is larger than
the investment cost, for a price set so that it just breaks even.
We find that L invests if and only if z ≤ z m . Indeed, the maximum gross profit

that L can make is the monopoly profit π m , and therefore, the marginal area such
that the budget constraint is satisfied is the monopoly area z m . In this area, we have

wm (pm ) − c(z m ) > 0, since wm (pm ) = π m + CS(pm ) > π m = c(zm ). Hence, L invests
if and only if z ≤ z m = ZLm . If it does, it sets the local price PLm (z) = pL (z) defined
above.

A local public firm L invests only if it can break even. Since the maximum profit
it can earn is the monopoly profit, the marginal area with local public firms is the
monopoly area z m . In covered areas, each local public firm sets a price that allows
it to break even. The price of the service becomes higher as we move towards more
remote areas, because local public firms have to charge a higher price to cover the higher
investment cost.
Comparison. We can now compare the market outcome in the three scenarios, with
a private firm, a national public firm and local public firms, in terms of total coverage
and prices. Using Lemmas 1-3 above, we obtain the following result.
Proposition 1. In the monopoly benchmark, the market outcome is as follows:
(i) Total coverage is larger with a national public firm, but it is the same with a
private firm or local public firms (i.e., ZNm > ZPm = ZLm = z m ).
(ii) The national public firm sets a lower uniform price than the private firm, while
the local public firms set local prices that depend on the area and can be either
lower or higher than the price set by the national public firm (i.e., PNm < PPm = pm ,
while PLm (z) ≤ PNm if z is sufficiently low, and PLm (z) > PNm otherwise).
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The private firm deploys its infrastructure in all the areas z ≤ z m where the monopoly

profit covers the investment cost. Due to their local budget constraints, the investment

incentives of local public firms are similar. Since a local public firm invests only if it
can break even, the marginal area for local public firms is the area where the largest
profit, i.e., the monopoly profit, is obtained, that is, area z m . By contrast, the national
public firm covers a larger share of the territory. This is because it has a global budget
constraint, and can therefore cross-subsidize investment in high-cost areas with profits
obtained in low-cost areas.
We can also compare the market outcome in the three different scenarios in terms
of total welfare. Since total coverage is larger with a national public firm than with a
private firm (ZNm > ZPm ) and prices are lower (PNm < PPm ), total welfare is larger with a
national public firm than with a private firm (WNm > WPm ). Similarly, total coverage is
the same with a private firm or with local public firms, but prices are (at least weakly)
lower in the latter case, so total welfare is larger with local public firms than with a
private firm (WLm > WPm ). The comparison of total welfare with a national public firm
and local public firms is ambiguous. On the one hand, total coverage is larger with a
national public firm. On the other, prices are lower with local public firms in low-cost
areas, but higher in high-cost areas.
To illustrate Proposition 1, we adopt a specific Shubik-Levitan demand model and
set c(z) = z to compute the equilibrium coverage and prices (See Appendix A for details).
Figure 1 shows, for the three scenarios, prices on the left and total coverage on the right.
Since c(0) = 0, the price set by the local public firm at z = 0 is equal to marginal cost,
that is, zero with our normalization. The price of local public firms then increases as we
move towards costlier areas, until it reaches the monopoly price pm .
On the right-hand side, the equilibrium coverage of the private firm, ZPm = z m , is
given by the intersection of the marginal private return to investment, π m , with the
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marginal return
to investment

p

wm (pN (z))

c(z) = z

wm (pL (z))

PPm = pm
PLm (z)

PNm

πm

0

z

0

ZPm = z m = ZLm

ZNm

z

Figure 1 – Level of prices (left) and total coverage (right) in the monopoly benchmark.

marginal investment cost, c(z). Similarly, the equilibrium coverage of the national
public firm, ZNm , is given by the intersection of the marginal social return to investment,
wm (PNm (z)), with the marginal investment cost, c(z). The marginal social return to
investment is decreasing in z, because the public firm has to increase its uniform price
when it covers a larger territory. Finally, notice that the marginal social return to
investment for local public firms does not intersect with the marginal investment cost;
this is because total coverage with local public firms is determined by the budget
constraint of the marginal area.
In this specific Shubik-Levitan linear model, we find that WNm > WLm > WPm , that is,
total welfare is the highest with a national public firm. In other words, it is better to
set up a national entity to roll out a new infrastructure than to delegate this task to
independent local authorities.
Note that this benchmark model can be readily extended to incorporate subsidies.
A subsidy S granted to a public firm relaxes its budget constraint. Since public firms
set the lowest price compatible with their budget constraint, subsidies thus lead to lower
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prices. This, in turn, increases the marginal social return to investment, and therefore
public firms also expand their coverage when they receive subsidies.

5

Private Firm vs. National Public Firm

In this section, we analyze the competition in coverage and prices between a private
firm and a national public firm.
In this coverage-price game, two equilibria can emerge a priori: one where the
national public firm leads in investment (that is, invests more than its rival), and
another one where the private firm leads in investment. In the context of this paper, it
makes sense to consider that the private firm concentrates on low-cost areas, whereas
the public firm covers a larger territory, expanding coverage to outlying and costlier
areas. We thus focus the analysis on the case where the public firm leads in investment,
that is, where zN > zP in equilibrium. We solve for the equilibrium of the coverage-price
game under this assumption. 11

5.1

Pricing strategies

We start by determining the equilibrium prices of firms P and N for given coverage
levels zN and zP , with zN > zP .

Best responses. Consider first the pricing decision of the private firm. Firm P
chooses a price pP to maximize its profit, which is given by
ΠP = zP pP DPd (pP , pN ) − C(zP ).
11

The case where the private firm leads in investment is discussed in Appendix B.1.

(6)
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Firm P incurs the total investment cost C(zP ) to cover the areas from 0 to zP . In each
of these areas, it competes with firm N , and obtains the duopoly profit pP DPd (pP , pN ).
From (6), firm P ’s best-response to a price pN is the duopoly best-response, pP =
BRd (pN ).
Consider now the decision of the public firm. Firm N chooses its price pN to
maximize its objective function, which is given by




d
ΠN = (zN − zP )wm (pN ) + zP pN DN
(pN , pP ) + CS(pN , pP ) − C(zN ),

(7)

subject to the budget constraint
d
(zN − zP )pN Dm (pN ) + zP pN DN
(pN , pP ) ≥ C(zN ).

(8)

Since it leads in investment, firm N is a (public) monopoly in the areas zP to zN , where
it cares about total local welfare. In the areas 0 to zP , firm N competes with firm P ; in
these areas, it cares about the sum of its duopoly profit and consumer surplus.
Lemma 4. The best-response of the national public firm N is to set the lowest price
d
such that its budget constraint (8) is binding, that is, pBR
N (pP ) = pN (pP , zP , zN ), where
d
pdN satisfies (zN − zP )pdN Dm (pdN ) + zP pdN DN
(pdN , pP ) = C(zN ).

Proof. We first show that the objective function of the public firm, which is given by (7),
is decreasing in pN . This is because, (i) wm (pN ) is decreasing in pN from our assumptions,
d
and (ii) pN DN
(pN , pP ) + CS(pN , pP ) is decreasing in pN too. To prove point (ii), we
d
rewrite pN DN
(pN , pP ) + CS(pN , pP ) = wd (pN , pP ) − pP DPd (pP , pN ). Therefore,
d
∂[pN DN
(pN , pP ) + CS(pN , pP )]
∂wd (pN , pP )
∂DPd (pP , pN )
=
−pP
≤ 0.
∂pN
∂pN
∂pN

|

{z

≤0

}

|

{z

≥0

}
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The public firm thus sets the lowest price compatible with its budget constraint. From
d
Assumption 1, pDm (p) and pN DN
(pN , pP ) are concave, which implies that the budget

constraint (8) is concave in pN too. Let p̂i (pj ) ≡ arg maxp zj pDid (p, pj ) + (zi − zj )pDm (p).

We have p̂N (pP ) ∈ [BRd (pP ), pm ]. The left-hand side of the budget constraint (8) is then

increasing in pN for pN ∈ [0, p̂N ]. For given coverage zN and zP , we define pdN (pP , zP , zN )
d
such that zP pdN DN
(pdN , pP ) + (zN − zP )pdN Dm (pdN ) = C(zN ). This price pdN exists if

and only if firm N breaks even when it sets its profit-maximizing price, that is, if

d
zP p̂N DN
(p̂N , pP ) + (zN − zP )p̂N Dm (p̂N ) ≥ C(zN ). Firm N ’s best-response to a price
d
d
pP set by the private firm is then pBR
N (pP ) = pN (pP , zP , zN ), with pN ≤ p̂N .

The public firm best responds to a price pP set by the private firm by setting the
lowest price compatible with its budget constraint, and this price is lower than or equal
to the uniform price that maximizes its total profit (i.e., p̂N ). Note that if at the
profit-maximizing price p̂N , firm N does not break even, there is no best-response to
the price set by the private firm.
The following lemma shows how the firms react to a price increase of their rival:
Lemma 5. Whereas firm P reacts to a price increase of its rival by increasing its
own price (strategic complementarity), firm N reacts to a price increase of its rival by
decreasing its own price (strategic substituability).
Proof. The first point of the proposition simply re-states our assumption that prices
are strategic complements in a duopoly with two private firms. To prove the second
d
point, let BC(pN , pP ) ≡ zP pN DN
(pN , pP ) + (zN − zP )pN Dm (pN ) − C(zN ) represent the

budget constraint of the public firm. Firm N ’s best-response satisfies BC(pBR
N , pP ) = 0.
From the implicit function theorem, we have
∂pBR
∂BC/∂pP
N
=−
∂pP
∂BC/∂pN

.
pN =pBR
N
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Since pBR
N ≤ p̂N , we have ∂BC/∂pN |pN =pBR ≥ 0. Furthermore, we have
N

∂BC
∂pP

pN =pBR
N

= zP pBR
N

∂DN
≥ 0.
∂pP

This proves that ∂pBR
N /∂pP ≤ 0.
The intuition of this result is that when the private firm increases its price, its
demand decreases while the demand, and hence the profit, of the public firm increases.
Since the public firm sets the minimum price satisfying its budget constraint, it reacts
by decreasing its price. This result shows that compared to the monopoly benchmark
with a national public firm, entry and competition from a private firm leads the public
firm to increase its price.
Equilibrium prices. For given coverage levels, the equilibrium prices PP and PN
are given by the intersection of the best responses of the private firm and the public
firm. If the intersection exists, it is unique, since best responses are continuous, the
best response of the private firm is increasing and the best response of the public firm
is decreasing. For the rest of the discussion, we assume that this intersection exists. 12
Below, we will discuss this assumption for the linear Shubik-Levitan demand model.
To study how coverage affects pricing decisions, we define σ ≡ zP /zN ∈ (0, 1) as

the ratio of coverage levels. The ratio σ can be interpreted as the overlap between the
private firm’s and the public firm’s covered territories. If σ is low, it means that P covers
a small territory compared to N , and we are close to the scenario of a national public
monopoly. Conversely, if σ is close to 1, this means that P covers (almost) as much
12
We can provide a necessary and sufficient condition for the best responses to intersect. Let
d
BC = BC(p̂N (pP )), where BC is the budget constraint (i.e., profit) of the public firm. We have
d
∂ BC/∂p
P ≥ 0. If this derivative is positive at pP = 0, it is positive for all pP ≥ 0, and the intersection
d
d
of best responses always exists. If ∂ BC/∂p
P |pP =0 < 0, there exists pP such that BC(pP ) = 0. The
d
intersection of best responses exists in this case if and only if BR (p̂N (pP )) ≥ pP .
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territory as N , and we are close to the scenario of a mixed duopoly all over the country.
The equilibrium prices can then be written as functions of zN and σ: PP = PP (zN , σ)
and PN = PN (zN , σ).
The following proposition characterizes how the coverage by firm N and the degree
of overlap between firm P ’s and firm N ’s networks affect equilibrium prices.
Proposition 2. Assume that the price equilibrium exists, for given coverage levels.
• For a given coverage zN by the national public firm, firms’ equilibrium prices PP
and PN increase with the ratio of coverage levels σ = zP /zN (i.e., with zP ).

• For a given coverage zP by the private firm, equilibrium prices increase when the

public firm covers a larger territory (zN increases) if and only if PN Dm (PN ) ≥

c(zN ).

Proof. For given coverage levels, and hence, for a given ratio σ = zP /zN , firms’ equilibrium prices are the solution of the following system of equations:
d
A ≡ (zN − zP )pN Dm (pN ) + zP pN DN
(pN , pP ) − C(zN ) = 0,

B≡

DPd (pP , pN )

∂DPd (pP , pN )
+ pP
= 0.
∂pP

The first equation, which defines firm N ’s best response, corresponds to the budget
constraint of the public firm, whereas the second equation is the first-order condition
for firm P . Using Cramer’s rule, we find that
d
∂PN
−pN (Dm (PN ) − DN
(PN , PP )) ∂ 2 πPd
=
,
∂zP
D
∂p2P
d
∂PP
pN (Dm (PN ) − DN
(PN , PP )) ∂ 2 πPd
=
,
∂zP
D
∂pP pN
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where
D=

∂A ∂B
∂A ∂B
−
> 0.
∂pP ∂pN ∂pN ∂pP

| {z } | {z }
(+)

(+)

| {z } | {z }
(+)

(-)

Since at the equilibrium prices, ∂ 2 πPd /∂p2P ≤ 0 (concavity), ∂ 2 πPd /∂pP pN ≥ 0 (strategic
d
complementarity), and Dm (PN ) > DN
(PN , PP ), we have ∂PN /∂zP ≥ 0 and ∂PP /∂zP ≥

0, and hence for a given zN , ∂PN /∂σ ≥ 0 and ∂PP /∂σ ≥ 0.

Using a similar approach, we find that ∂PN /∂zN ≥ 0 and ∂PP /∂zN ≥ 0 if PN Dm (PN ) ≥

c(zN ); otherwise, if PN Dm (PN ) ≤ c(zN ), then ∂PN /∂zN ≤ 0 and ∂PP /∂zN ≤ 0.

Proposition 2 states the counterintuitive result that more intense competition through
a larger overlap between the private and public firms’ networks drives firms’ prices up.
When the overlap increases, the best response of the private firm, which corresponds to
the duopoly best response, is unchanged. By contrast, the best response of the public
firm shifts outwards. The idea is that when the duopoly areas expand to the detriment
of the monopoly areas, the ability of the public firm to cross-subsidize between low-cost
and high-cost areas is lessened. Firm N has to increase its uniform price, and due to
strategic complementarity, firm P does the same, which leads to higher equilibrium
prices.
The second point of the proposition shows that when the public firm extends its
coverage, how prices adjust depends on the profitability of the marginal (monopoly)
area. If the marginal area is profitable, the public firm can use the incremental profit to
reduce its uniform price. Conversely, if it is unprofitable, the public firm has to increase
its uniform price to break even. In both cases, the private firm follows the price reaction
of the public firm, due to strategic complementarity.
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Coverage strategies

We now consider the coverage decisions of firms N and P , for given prices pN and
pP . From (6) and (7), the equilibrium coverage levels are solutions to the system of
first-order conditions, 13
pP DPd (pP , pN ) = c(zP ),
wm (pN ) = c(zN ).
Replacing for pN = PN (zP , zN ) and pP = PP (zP , zN ), the equilibrium coverage of
firms N and P are the solution of
PP (zP , zN )DPd (PP (zP , zN ), PN (zP , zN )) = c(zP ),

(9)

wm (PN (zP , zN )) = c(zN ).

(10)

We assume that the equilibrium exists and is unique, and denote by ZPn and ZNn the
equilibrium coverage of the private firm and the public firm, respectively. The following
proposition compares the equilibrium outcome with the monopoly benchmark.
Proposition 3. Assume that the equilibrium to the coverage-price game exists and is
unique. In equilibrium,
(i) The private firm P covers a smaller territory than in the benchmark and charges
a lower price, i.e., ZPn < ZPm and PPn < PPm ;
(ii) The public firm N covers a smaller territory than in the benchmark and charges
either a lower or a higher price, i.e., ZNn < ZNm and PNn R PNm .
13

The second-order conditions are satisfied as c0 > 0.
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Proof. First, we compare the equilibrium coverage levels to the benchmark. The private
firm’s coverage is given by the first-order condition, PPn DPd (PPn , PNn ) = c(ZPn ). Since
PPn DPd (PPn , PNn ) < π m , then ZPn < c−1 (π m ) = ZPm . Using (10), we see that since PN
increases with zP (from Proposition 4) and wm (·) is decreasing, a higher zP leads to
a lower coverage zN by the public firm. Since for zP = 0, the public firm sets the
benchmark coverage z N , this proves that ZNn < ZNm .
Second, we compare the equilibrium prices to the prices in the benchmark. Firm N ’s
equilibrium price satisfies PNn = pdN (PPn ) ≤ p̂N (PPn ) < pm . Since PNn < pm , we have
PPn = BRd (PNn ) < pm = PPm . As for the public firm, in the benchmark, firm N ’s price is
given by
ZNm PNm Dm (PNm ) = C(ZNm ).
In the duopoly setting, firm N ’s equilibrium price satisfies PNn = pdN (PPn ), that is,
d
ZNn PNn Dm (PNn ) − ZPn (PNn Dm (PNn ) − PNn DN
(PNn , PPn )) = C(ZNn ).

|

{z

business stealing effect

}

Assume that ZNn = ZNm . Then, firm N has to set a higher price to break even in duopoly,
which means that PNn > PNm . However, this effect is counter-balanced by the fact that N
covers less in duopoly than in the monopoly benchmark (i.e., ZNn < ZNm ). Its investment
cost is thus lower, allowing to set a lower price. Firm N ’s price can thus be either lower
or higher in duopoly compared to the benchmark.

The proposition shows that the competition between the private firm and the public
decreases coverage, compared to the monopoly benchmark. In particular, the public
firm, which leads in investment, covers a smaller territory than in the benchmark. This
is because, the competition from the private firm forces the public firm to set a higher
price to break even. This decreases the marginal social benefit from investment, and

5. PRIVATE FIRM VS. NATIONAL PUBLIC FIRM

95

thus the public firm covers less of the country than in the benchmark.
In terms of prices, the private firm sets a lower price than in the monopoly benchmark,
due to the competition from the public firm. The impact of the competition from the
private firm on the public firm’s price is ambiguous. On the one hand, there is a business
stealing effect, which forces the public firm to increase its price. On the other, the
competition leads the public firm to cover a smaller territory. Its investment cost is thus
lower, allowing the public firm to set a lower price to break even.

5.3

Linear demand example

In the linear Shubik-Levitan demand model, for given coverage levels, firm P ’s bestresponse is the duopoly best-response,
pP = BRd (pN ) =

2 + γpN
,
2(2 + γ)

(11)

whereas firm N ’s best-response is given by pN = pdN (pP , zP , zN ), where pdN is the lowest
price such that the budget constraint holds:
pdN (pP , zP , zN ) = p̂N (pP

v
u
u
)  1 − t1 −




8C(zN )
,
(4zN + zP (γpP − 2))p̂N (pP )

(12)

and p̂N is the price that maximizes N ’s profit,
p̂N (pP ) =

4 + σ(γpP − 2)
.
8 + 2σ(γ − 2)

Firm N ’s best-response to a given price pP , pdN (·), is defined if at the profit-maximizing
price p̂N , firm N breaks even.
The equilibrium prices PP and PN are then given by the intersection of the best-
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responses, given in (11) and (12). 14
Figure 2 below shows the equilibrium prices for given coverage levels, for γ = 1,
C(z) = c0 z 2 /2, zN = 10, σ ∈ [0, 1], and c0 = 0.01 (left) and c0 = 0.02 (right). The figure
on the left shows a case where equilibrium prices are always defined. On the figure

on the right, by contrast, the equilibrium prices exist only if the degree of overlap is
not too high. If the coverage of the private firm is close to that of the public firm, the
public firm cannot break even when it sets its profit-maximizing price. In this case, the
competition between the private firm and the public firm is not sustainable. In both
cases, prices increase with the degree of overlap σ, and the price charged by the private
firm is also always larger than the price set by the public firm.
pm

pm
PP

PP

PN

PN

0

1

σ

0

Figure 2 – Prices as a function of the ratio of coverage levels σ.
Using (10), we compute the best response coverage for firm N to a coverage zP by
the private firm. Plugging in this best response into the first-order condition (9), we
solve for the equilibrium coverage levels ZPn and ZNn , which then gives the equilibrium
prices.
Figure 3 shows the equilibrium prices and coverage levels as a function of the degree
of substitutability γ for the investment cost function c(z) = c0 z, with c0 = 0.01. We see
14

We omit the expressions of PP and PN , which are algebraically complex.

1

σ
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that compared to the monopoly benchmark, competition between a private firm and a
national public firm leads to lower coverage. However, competition tends to drive prices
down. Note if the price charged by the public firm is lower with competition than in the
monopoly benchmark, it is because in the former case the firm covers a smaller territory,
and has thus lower costs to recover.

P

Z
pm

m
ZN

PNm

n
ZN

zm

PNn

ZPn

PPn

0

γ

0

Figure 3 – Equilibrium price and coverage levels if the national public firm leads in investment.

6

Private Firm vs. Local Public Firms

In this section, we study the competition in prices and coverage between a private firm
and local public firms. As in Section 5, we focus on the case where the local public
firms lead in investment, that is, where zL ≥ zP . We solve for the equilibrium of the
coverage-price game under this assumption. 15
15

The other case, where the private firm leads in investment, is analyzed in Appendix B.2.

γ
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6.1

Pricing strategies

To begin with, we analyze firms’ pricing strategies for given coverage levels zP and zL ,
with zP ≤ zL .
Best responses. Consider first the pricing decision of a local public firm L based in a
given area z ≤ zL . We have to distinguish two cases: (i) if z ∈ (zP , zL ], L is a monopoly

in its local market; (ii) otherwise, if z ≤ zP , L competes with firm P for local consumers.
In case (i), firm L, which is a monopoly in its area z, chooses a price pL to maximize
wm (pL ) − c(z),

subject to pL Dm (pL ) ≥ c(z).

(13)

Firm L thus sets the same minimum price pL (z) = pL (z) than in the monopoly benchmark, such that its budget constraint binds, i.e., pL (z)Dm (pL (z)) = c(z). In these
monopoly areas, L’s best response increases with z, but does not depend on zP and pP .
In case (ii), firm L competes with firm P in its local market, and chooses its price
pL to maximize
pL DLd (pL , pP ) + CS(pL , pP ) − c(z),

subject to pL DLd (pL , pP ) ≥ c(z).

(14)

Since the objective function is decreasing in pL , 16 L sets the lowest price such that its
d
budget constraint holds. Therefore, its best-response is given by pBR
L (pP , z) = pL (pP , z),

where pdL is the solution to
pdL DLd (pdL , pP ) = c(z).

(15)

Since DLd (pL , pP ) increases with pP , firm L’s best-response pdL (pP , z) is decreasing in pP :
when firm P increases its price, firm L reacts by decreasing its own price. Furthermore,
16

See the proof of Lemma 4.
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L’s best response increases with z. The best response exists if L breaks even when it
sets its profit-maximizing price, pL = BRd (pP ).
We now determine firm P ’s best-response to prices pL (z) set by the local public
firms. Firm P ’s profit is given by
ΠP =

Z zP
0

pP DPd (pP , pL (z)) dz − C(zP ).

(16)

Its best-response is then given by the first-order condition
"

#

Z zP
∂DPd
∂ΠP
=
pP
(pP , pL (z)) + DPd (pP , pL (z)) dz = 0.
∂pP
∂pP
0

(17)

We assume that there is a unique solution pBR
P (zP , pL (.)) to this first-order condition,
and that the second-order condition,
"

#

Z zP
∂DPd
∂ 2 ΠP
∂ 2 DPd
2
=
(p
,
p
(z))
+
p
(pP , pL (z)) dz ≤ 0,
P
L
P
∂p2P
∂pP
∂p2P
0

holds. If demand is linear, P ’s best-response is the duopoly best-response to the average
price set by L in the areas 0 to zP , as we will see in the linear demand example below.
Due to the strategic complementarity assumption, P ’s best-response pBR
P (zP , pL (.))
increases if L’s prices increase. Furthermore, assuming that pL (z) is increasing in z (we
know that this is true for L’s best response), P ’s best-response increases with zP , as
∂ 2 ΠP
∂pP ∂zP

pP =pBR
P

= pBR
P

∂DPd BR
(p , pL (zP )) + DPd (pBR
P , pL (zP )) > 0.
∂pP P

The inequality comes from the fact that due to strategic complementarity, if the FOC (17)
holds, it means that the integrand of (17) is negative for low values of z and positive
for high values of z, and thus positive at z = zP . The intuition for the positive relation
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between pBR
and zP is that if pL (z) is increasing, when P covers costlier areas (with
P
a higher zP ), it faces local firms setting higher prices. P then reacts by increasing its
uniform price.

Equilibrium prices. For given coverage levels, the equilibrium prices PP and PL (z)
are the solution to (15) and (17). We assume that this solution exists and is uniquely
defined.
The following proposition characterizes how the coverage of the private firm, and
hence the overlap between the private firm’s and the public firms’ networks, affect
equilibrium prices.
Proposition 4. Assume that the price equilibrium exists, for a given coverage zP ≤ zL .

Then, the private firm’s equilibrium price PP increases with zP , whereas the local public
firms prices PL (z) decrease with zP . Furthermore, PL (z) is increasing in z.

Proof. Let πP ≡ pP DPd (pP , pL ) denote P ’s profit in a local area with prices pP and pL .

Plugging in L’s best response, the first-order condition for firm P can be rewritten as
Z zP
∂ΠP
∂πP
=
(pP , pdL (pP , z))dz ≡ F (pP , zP ) = 0.
∂pP
∂pP
0

From the implicit function theorem, we thus have
∂PP
∂F/∂zP
=−
.
∂zP
∂F/∂pP
Note that we have

Z zP
∂F
=
∂pP
0

"

#

∂ 2 πP ∂πP ∂pdL
+
dz < 0.
∂p2P
∂pL ∂pP

| {z }
(−)

| {z } | {z }
(+)

(−)
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Therefore, ∂PP /∂zP has the sign of ∂F/∂zP , which we find to be positive:
∂F
∂πP
=
(PP , pdL (PP , zP )) > 0,
∂zP
∂pP
from strategic complementarity and the fact that pdL (pP , z) is increasing in z. Therefore,
PP increases with zP . It follows that PL (z) decreases with zP , because PL (z) gets lower
with a higher PP . Finally, from the definition of pdL (pP , z), it is immediate that PL (z) is
increasing in z.
This proposition shows that a larger coverage by the private firm has opposite effects
on firms’ prices. As the private firm covers a larger territory, it faces local public firms
that are less aggressive in prices, because they have to charge a higher price to cover
their higher investment cost. The private firm thus reacts by increasing its uniform
price. By contrast, since the private firm becomes less agressive in its pricing strategy,
local public firms react by decreasing their own prices.
Note that, while each local firm decreases its price when P expands coverage, the
average price of local firms can either decrease or increase with zP . Let
1 Z zP d
1 Z zP
PL (z)dz =
pL (PP , z)dz.
PL ≡
zP 0
zP 0
The variations of the average local price P L with respect to zP are given by:

∂P L
1
=
∂zP
zP







Z zP

∂PP ∂pdL (PP , z) 
PL (zP ) − P L +
dz 

.
∂zP
∂pP
0


|
{z
}
|
{z
}
|
{z
}
(+)

(+)

(−)

The first positive term on the right-hand side represents the idea that, when zP
increases, local firms with higher investment costs, and hence, higher prices, enter the
duopoly areas, which drives the average local price up. However, this is mitigated by a
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second, opposite, effect, which is represented by the second term: when zP increases,
firm P increases its price and local firms react by lowering theirs, which tends to reduce
the average local price. In the Shubik-Levitan example, we find that the first effect
dominates the second one, and hence, the average local price increases with zP .

6.2

Coverage strategies

We now solve for firms P and L’s coverage decisions.
Since we have assumed that they lead in investment, the local public firms L cover
the monopoly areas. Their investment problem in these areas is the same than in the
monopoly benchmark: they thus cover up to the area z m (see Lemma 3).
Firm P covers necessarily less than the local public firms. This is because, in the
areas covered by local public firms, P faces competition and thus makes less profit
than the monopoly profit. P ’s equilibrium coverage, z P , if it exists, is therefore lower
than z L = z m .
Replacing for PP and PL (z), P ’s profit can be written as
ΠP =

Z zP
0

πP (PP , PL (z)) dz − C(zP ).

(18)

Using the envelope theorem, P ’s equilibrium coverage is given by the following
first-order condition:
dΠP
= πP (PP , PL (zP )) − c(zP ) = 0
dzP
The two terms represent the direct effect of coverage expansion: P earns an incremental
profit in the marginal area, less the investment cost for this area.
Let z d ≡ arg maxz zpd D(pd , pd ) − C(z). We can state the following result:
Proposition 5. Assume that the equilibrium to the coverage-price game exists and is
unique. In equilibrium,
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(i) The private firm P covers up to ZPl ≤ z d and charges the price PPl ≤ pd ;
(ii) The local public firms L cover up to the area ZLl = z m . In monopoly areas, they
set the same price PLm (z) ≤ pm than in the monopoly benchmark. In duopoly areas,

they set the price PLl (z) such that PLm (z) ≤ PLl (z) ≤ pd .

Proof. Let us first characterize the equilibrium prices. In a given area z, firm L sets
the lowest price such that its budget constraint, pL DLd (pL , pP ) ≥ c(z), holds. This price

is always lower than the duopoly best-response, BRd (pP ). Therefore, due to strategic
complementarity, in equilibrium firm P will always set a price lower than the duopoly
price pd , and so similarly for firm L (in any area). Finally, since DLd (pL , pP ) ≤ Dm (pL ),
in each area z the price set by firm L is higher in the mixed duopoly compared to the
monopoly benchmark.
Since firms P and L set prices that are lower than the duopoly price, P makes a
profit, gross of investment cost, which is lower than the duopoly profit π d ≡ pd Dd (pd , pd ).
Its coverage is thus lower than the duopoly coverage z d = c−1 (π d ).

The competition between a private firm and local public firms leads to the same total
coverage than in the benchmark. This is because local public firms are independent from
each other, and in the monopoly areas they thus have the same investment incentives
than in the monopoly benchmark.
In duopoly areas, prices are lower compared to the benchmark with a monopoly
private firm, but higher compared to the benchmark with monopoly local public firms.
Indeed, public firms face the competition from the private firm, and have to increase
their prices in order to break even.
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Linear demand example

As an example, we solve for the equilibrium in the linear Shubik-Levitan demand model.
To start with, we determine the equilibrium prices for given coverage levels. If it is
located in a monopoly area z ∈ (zP , zL ], firm L’s best-response is given by:


pL (z) = pL (z) = pm 1 −

s



c(z)
1 − m ,
π

where pL (z) is the lowest price such that the budget constraint holds with a local
monopoly.
If firm L is located in a duopoly area z ∈ [0, zP ], its best-response is given by:
d
pBR
L (pP , z) = pL (pP , z) =

v
u
u
d
BR (pP ) 1 − t1 −




4c(z)
.
(2 + γ)(BRd (pP ))2

Firm P ’s best-response is given by the first-order condition (17). Since demand is
linear, P ’s best-response to a price scheme pL (z) set by the local public firms is simply
the duopoly best response to the average price set by L in the areas 0 to zP , that is,
pP =
where pL =

R zP
0

1 Z zP
BRd (pL (z))dz = BRd (pL ),
zP 0

(19)

pL (z)dz/zP is the average price set by L in duopoly areas.

To solve for the equilibrium prices for given coverage levels, we replace for pdL (pP , z)
into (19). The equilibrium price PP then solves
PP =
with pBR
L (PP ) =

1 Z zP
BRd (pdL (PP , z))dz = BRd (pBR
L (PP )),
zP 0

R zP d
p (p
0

L

P , z)dz/zP .

(20)

The equilibrium price for a firm L based in area z
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is then PL (z) = pdL (PP , z).
From (20), we can see that everything is as if firm P were competing with an “average”
local public firm, with best response pBR
L (PP ). In particular, the equilibrium prices are
simply given by the intersection of the duopoly best response BRd (pL ) with the average
best response of local firms, pBR
L (pP ).
Figure 4 shows the equilibrium prices, for given coverage levels, as a function of the
private firm’s coverage zP . The investment cost is c(z) = c0 z, with c0 = 0.01, and we
set the degree of substitutability to γ = 1. The equilibrium price of the private firm
is PP , whereas P̄L represents the average price of local firms in the duopoly areas 0 to
zP . For comparison, we show the average price of local firms if they cover the same
areas and act as local monopolists, P̄Lm . We see that both PP and P̄L increase when the
private firm extends coverage. Firm P ’s price is lower than the duopoly price, while the
local firms set higher prices than in a situation where they don’t face competition (i.e.,
P̄L > P̄Lm ).
P
pm

pd
PP

P̄L
P̄Lm
0

zP

Figure 4 – Variation of prices with respect to zP .
We plug in the equilibrium prices for given coverage levels into firm P ’s profit
function, which is given by (18). We then solve for the coverage zP that maximizes P ’s
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profit, assuming that c(z) = c0 z. Figure 5 shows the equilibrium prices and coverage
levels as a function of the degree of substitutability γ, for c0 = 0.01. For the local public
firms, we show the average local price in duopoly areas, P̄L . In equilibrium, the private
firm and the local public firms set lower prices than the duopoly price pd , and cover
less than the duopoly coverage z d . As competition intensifies (i.e., γ increases), prices
decline and the private firm invests less in coverage.
P

Z
pm

zm

pd
PP
P̄L
γ

0

zd

0

Figure 5 – Equilibrium price and coverage levels if local public firms lead in investment.

7

Conclusion

In this paper, we examine a model where a private firm competes with public firms in
prices and coverage of a new network infrastructure in a given country. In a monopoly
benchmark, we find that the private firm charges the monopoly price and covers up to a
monopoly area where the marginal cost of investment is equal to the (local) monopoly
profit. A national public firm charges a price lower than the monopoly price, and
cross-subsidizes between low-cost and high-cost areas, which allows it to cover more
than the private firm, i.e., up to the area where the marginal social benefit of investment

ZPl
γ
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becomes lower than the marginal cost of investment. Local public firms, which charge
prices that are contingent on market conditions in their area, cover the same territory
than the private monopoly, but charge lower prices.
We then examine a mixed duopoly framework, where the private firm competes with
the national public firm or local public firms in prices and coverage and focus on the
case where public firms lead in investment, that is, invest more than the private firm in
equilibrium. When the private firm competes with the national public firm, we find that
the private firm reacts to a price increase of its rival by increasing its own price (strategic
complementarity), whereas the national public firm reacts by decreasing its own price
(strategic substitutability). Moreover, a larger overlap between the private firm’s and
the public firm’s networks drives firms’ prices up. We find that, at the equilibrium, total
coverage by the national public firm is lower than in the benchmark. Competition leads
the private firm to set lower prices than in the benchmark, while the public firm may
charge higher prices than in the benchmark. This is due to the competition from the
private firm, which makes it harder to sustain low prices.
When the private firm competes with local public firms, a larger overlap between
the private firm’s network and the local public firms’ networks leads to a higher price
by the private firm and lower prices by the local public firms. When the private firm
covers a larger territory, it faces local competitors with higher costs, and therefore it
becomes more accommodating. Since the private firm increases its price, the budget
constraint of local public firms is relaxed and they react by decreasing their own prices.
We find that, at the equilibrium, total coverage is the same than in the benchmark. The
private firm sets a lower price than in the benchmark though, but local public firms set
higher prices.
We have studied how the competition between a private firm and public firms in
prices and coverage of a territory may affect market equilibria. We focussed on firms
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which are vertically integrated, that is, which operate at both the wholesale and retail
levels. The case where public firms operate only upstream, at the wholesale level, also
exists. One direction for further research may be to investigate in our framework a
scenario where the public firm operates only at the wholesale level, while providing
access to competitors at the retail level.
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Appendix A: Shubik-Levitan demand model
Following Shubik and Levitan (1980), we introduce a representative consumer with the
following quasi-linear preferences:




γ
1
qi2 + qj2 + (qi + qj )2 + y,
U (qi , qj , y) = qi + qj −
1+γ
2
where y si the numeraire good and γ ∈ [0, ∞) represents the degree of substitutability

between products i and j, a lower γ corresponding to a higher degree of differentiation.
If products i and j are both available to the consumer (i.e., we have a duopoly), the
demand of firm i is given by:
Did (pi , pj ) =

1
(2 − (2 + γ)pi + γpj ) .
4

If only one product is available to the consumer, the monopoly demand of firm i is:
Dm (pi ) = 1 − pi .

Illustrative model for monopoly benchmark
We solve for the equilibrium of the coverage-price game in the linear Shubik-Levitan
demand model. We assume that the investment cost in a given area z is c(z) = z.

Private firm. The equilibrium price and coverage of firm P are
PPm = pm = 1/2 and ZPm = z m = c−1 (pm D(pm )) = c−1 (1/4) = 1/4.
Total welfare is WPm = z m w(pm ) − C(z m ) = 1/16.
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National public firm. For a given coverage z, firm N sets the lowest price such that
its budget constraint holds, which is given by


pN (z) = pm 1 −

s

1−



C(z)/z 
.
πm

Firm N ’s optimal coverage is then the solution of w(pN (z)) = c(z) = z. We find that
firm N ’s equilibrium coverage is ZNm = 4/9 and its uniform price is PNm = 1/3. Total
welfare is WNm = ZNm w(PNm ) − C(ZNm ) = 8/81.
Local public firms. In a given area z, firm L sets the lowest price such the local
budget constraint holds, which is given by


pL (z) = pm 1 −

s



c(z)
1 − m  = PLm (z).
π

As shown in Lemma ??, firm L invests if and only if z ≤ z m = ZLm . Total welfare is

WLm =

R zm 
0



w(pL (z)) − c(z) dz = 17/192.

Appendix B: the private firm leads in investment
In this section, we briefly analyze the case where the private firm has invested more
than the national public firm (Appendix B.1), and the case where it has invested more
than the local public firms (Appendix B.2).

Appendix B.1: National public firm vs. private firm
Pricing strategies
We start by determining the equilibrium prices of firms P and N for given coverage
levels zN and zP , with zP > zN .
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Best responses. Consider first the pricing decision of the private firm. P chooses a
price pP to maximize its profit, which is given by
ΠP = (zP − zN )pP Dm (pP ) + zN pP DPd (pP , pN ) − C(zP ),

(21)

Firm P ’s best-response is given by
h

i

d


zN ∂ pDP (p, pN )
zN ∂ [pDm (p)]
+ 1−
= 0.
zP
∂p
zP
∂p

(22)

From the above equation , we observe that if zN = 0, firm P ’s best-reponse is the
monopoly price, pm , whereas if zN → zP , its best-response is close to the duopoly bestresponse, BRd (pN ). Therefore, P ’s best-response to a price pN , is pBR
P (pN , zN , zP ) ∈

(BRP (pN ), pm ).

Consider now the pricing decision of the public firm. Firm N chooses its price pN to
maximize its objective function, which is given by




d
ΠN = zN pN DN
(pP , pN ) + CS(pP , pN ) − C(zN ),

(23)

subject to the budget constraint
d
zN pN DN
(pP , pN ) ≥ C(zN ).

(24)

Proceeding in a similar way than in Section 5.1, N ’s best-response to a price pP is
to set the lowest price such that its budget constraint (24) binds, that is, pBR
N (pP ) =
d
pdN (pP , zN ), where pdN satisfies zN pdN DN
(pdN , pP ) = C(zN ). This price is lower than or

equal to the uniform price that maximizes its total profit (i.e., p̂N = BRd (pN )). If at
the profit-maximizing price p̂N , firm N does not break even, there is no best-response
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to the price set by the private firm.
Similarly to Lemma 5, prices are strategic complements for firm P and strategic
substitutes for firm N .
Equilibrium prices. The equilibrium prices PP and PN are given by the intersection
of the best responses of the private firm and the public firm. We assume that this
intersection exists. To study how coverage affects pricing decisions, we define the ratio
of coverage levels δ ≡ zN /zP ∈ (0, 1). The equilibrium prices can then be written as
functions of zN and δ: PP = PP (zN , δ) and PN = PN (zN , δ).

Assume that the price equilibrium exists, for given coverage levels. The coverage
of firm N and the degree of overlap between firm P ’s and firm N ’s networks affect
equilibrium prices in the following way:
• For a given coverage zN , N ’s equilibrium price PN increases with the ratio of
coverage levels δ, whereas P ’s equilibrium price decreases with δ.

• For a given coverage zP , we have dPN /dzN R 0 and dPP /dzN < 0 if and only if

PN Dd (PN , PP ) ≥ c(zN ). If PN Dd (PN , PP ) ≤ c(zN ), we have dPN /dzN > 0 and
dPP /dzN R 0.

Coverage strategies
We now consider the coverage decisions of firms N and P , for given prices pN and
pP . From (21) and (23), the equilibrium coverage levels are solutions to the system of
first-order conditions,
pP DPm (pP ) = c(zP ),
d
pN D N
(pN , pP ) + CS(pN , pP ) = c(zN ),
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Replacing for pN = PN (zP , zN ) and pP = PP (zP , zN ), the equilibrium coverage of
firms N and P are the solution of
PP (zP , zN )DPm (PP (zP , zN )) = c(zP ), (25)
d
PN (zP , zN )DN
(PN (zP , zN ), PP (zP , zN )) + CS(PN (zP , zN ), PP (zP , zN )) = c(zN ). (26)

Assume that the equilibrium exists and is unique. It can be proved that compared
the equilibrium outcome with the monopoly benchmark, firm P covers a smaller territory
(ZPn < ZPm ) and charges a lower uniform price (PPn < PPm ). Moreover, firm N covers less
(ZNn < ZNm ) and charges a lower uniform price (PNn < PNm ).

Appendix B.2: Private vs. local public firms
Pricing strategies
We analyze firms’ pricing strategies for given coverage levels zP and zL , with zP ≥ zL .
Best responses. Consider first the pricing decision of a local public firm L based in
a given area z ≤ zL . As in Section 6.1 (case (ii)), L competes with P in its local market,
and chooses its price pL to maximize

pL DLd (pL , pP ) + CS(pL , pP ) − c(z),

subject to pL DLd (pL , pP ) ≥ c(z).

(27)

d
d
Firm L’s best-response is then pBR
L (pP , z) = pL (pP , z), where pL is the solution to (15).

We find that when P increases its price, L reacts by decreasing its own price and
that L’s best response increases with z. The best response exists if L breaks even when
it sets its profit-maximizing price, pL = BRd (pP ).
We now determine firm P ’s best-response to prices pL (z) set by the local public
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firms. Firm P ’s profit is given by
ΠP =

Z zL
0

pP DPd

(pP , pL (z)) dz +

Z zP
zL

pP DPm (pP )dz − C(zP ).

(28)

Its best-response is given by the first-order condition
"

#

"

#

Z zL
∂DPd
∂DPm
∂ΠP
=
pP
(pP , pL (z)) + DPd (pP , pL (z)) dz+(zP −zL ) pP
(pP ) + DPm (pP ) = 0.
∂pP
∂pP
∂pP
0
(29)

We assume that there is a unique solution pBR
P (zL , zP , pL (.)) to this first-order
condition, and that the second-order condition,
"

#

Z zL
∂ 2 ΠP
∂DPd
∂ 2 DPd
2
=
(pP , pL (z)) dz
(pP , pL (z)) + pP
∂p2P
∂pP
∂p2P
0
"
#
∂DPm
∂ 2 DPm
+ (zP − zL ) 2
(pP ) + pP
(pP ) ≤ 0,
∂pP
∂p2P

holds.
Due to the strategic complementarity assumption, P ’s best-response pBR
P (zL , zP , pL (.))
increases if L’s prices increase. Furthermore, assuming that pL (z) is increasing in z, P ’s
best-response increases with zP , as
∂ 2 ΠP
∂pP ∂zP

pP =pBR
P

= pBR
P

∂DPm BR
(pP ) + DPm (pBR
P ) > 0.
∂pP

Firm P ’s price pP increases with zP as covering more increases the investment cost of
P , thereby increasing P’s uniform price.
Firm P ’s best-response price decreases with zL as
∂ 2 ΠP
∂pP ∂zL

=
pP =pBR
P

∂DPd
pBR
P
∂pP

(pP , pL (zL ))+DPd (pP , pL (zL ))−

∂DPm BR
pBR
(p )
P
∂pP P

+

!

DPm (pBR
P )

< 0.
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As zL increases, the investment cost of local public firms covering (the new areas)
increases. If pL (z) is increasing, firm P faces local public firms setting higher prices and
thus reacts by increasing its uniform price (first two terms on the right). On the other
hand, a higher zL means that P benefits less from monopoly areas and faces competition
from local public firms, affectig negatively its price (last two terms on the right).
Equilibrium prices. The equilibrium prices PP (zL , zP ) and PL (z, zL , zP ) are the
solution to (15) and (29). We assume that this solution exists and is uniquely defined.
It can then be proved that for a given coverages zP and zL , PP increases with zP
and decreases with zL and that PL (z, zL , zP ) increases with z and zL while it decreases
with zP .
Coverage strategies
We now solve for firms P and L’s coverage decisions. Replacing for PP (zL , zP ) and
PL (z, zL , zP ), P ’s profit is given by
ΠP =

Z zL
0

πPd (PP , PL (z)) dz +

Z zP
zL

πPm (PP ) dz − C(zP ).

Using the envelope theorem, P ’s equilibrium coverage is given by the following
first-order condition:
Z zL
dΠP
∂DPd ∂PL (z)
= πPm (PP ) − c(zP ) +
PP
dz = 0.
dzP
∂pL ∂zP
0

The two first terms represent the direct effect of coverage expansion: P earns an
incremental profit in the marginal (monopoly) area, less the investment cost for this
area. The third term represents a strategic effect which is negative. Firm L reacts to
a larger coverage by the private firm by lowering its prices, because the private firm

120

APPENDIX

becomes a softer competitor. This hurts firm P through a lower demand.
Assume that the equilibrium to the coverage-price game exists and is unique. It can
be proved that at equilibrium, firm P covers up to z d R ZPl < ZPm = z m and charge a
price pd R PPl < PPm = pm . The local public firms L cover up to the area z d R ZLl < z m
and charge prices PLm (z) ≤ PLl (z, ZLl , ZPl ) < pm .
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CHAPTER 2. PUBLIC VS. PRIVATE INVESTMENTS

Chapter 3
Privacy, Competition, and
Multi-purchasing
Abstract We examine the impact of competition between firms in prices and information disclosure levels. In a two-sided market model, two firms supply a horizontally
differentiated service to consumers on one side, and sell consumer information to a
monopoly data broker on the other side. We show that firms adopt two types of business
strategies due to a trade-off between the disclosure of information and the level of
information provision by consumers: (i) low (even negative) prices in exchange of a low
privacy regime, and (ii) high prices in exchange of a high privacy regime. If consumers
single-purchase, a merger to monopoly increases market power but is privacy-neutral. If
some (but not all) consumers multi-purchase, firms’ business strategies are altered and
depend on their ability to monetize multi-purchaser information. Absent the possibility
to monetize the information of multi-purchasers, firms lower their disclosure levels and
increase prices. A merger to monopoly, which is price and privacy-decreasing, harms
consumers.
Keywords: competition, online privacy, information disclosure, multi-purchasing.
JEL codes: D11; D40; L21; L41.
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CHAPTER 3. PRIVACY, COMPETITION, AND MULTI-PURCHASING

Introduction

Markets are affected by digital transformation through which business and competencies
evolve in order to fully leverage opportunities of digital technologies. This brings up the
consideration of digital markets, where firms (or platforms) compete in an economic
environment mainly characterized by markets which are multi-sided, the existence of
network effects, and exploitation of consumer information. Prominent examples are
the social network Facebook and the operating system of Google, Android. A digital
market is multi-sided if an intermediary economic platform has two or more distinct
user groups that provide network benefits to each other. The exploitation of consumer
information stems from firms which collects data from the users signing up to their
services. Consumer information can be monetized; for instance, a firm can sell consumer
information to advertisers so that they better target consumers, but also to data brokers,
or even use it to improve its services.
As a result, competition authorities face new issues in enforcing competitive rules.
Indeed, digital firms compete in prices but also in privacy, which is related to the way
consumer information is exploited by firms, i.e., to the disclosure of consumer information
in data markets. Consumers care about their privacy and may not be willing to provide
personal information if firms monetize it, even if this is in exchange of improved services.
Competition authorities therefore face a trade-off between allowing firms to exploit
consumer information to improve services and consumer privacy concerns.
A striking example is the Facebook/WhatsApp (2014) merger, which have been
subject to intense debate about the firms’ incentives to merge and the impact of this
merger on consumer welfare. At the time of the merger (October 3, 2014), Facebook had
1.3 billion users, while WhatsApp had 600 million users. The European Commission
(EC) assessed the impact of the transaction on three services: consumer communications,
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social networking, and online (non-search) advertising. The EC concluded that firms
were distant competitors in markets for consumer communications and social networking,
and that, post merger, both consumers and advertisers would continue to have a large
choice of alternatives (i.e., communications and online advertising services). The merger
was approved even considering the possibility of automated user matching, since a
large amount of valuable consumer information would continue to exist. On top of
that, Facebook said that it was not technically possible to match WhatsApp users’ ID
with Facebook accounts. 1 However, in August 2016, WhatsApp annouced it would
start disclosing the phone number and analytics data of its users to Facebook. In May
18, 2017, Facebook was fined e110m by the European Union for providing misleading
information on the technical impossibility of matching users of both platforms. The
European Consumer Organization (BEUC) announced it was disappointing that the
Commission had not revised its original decision in favour of the merger. The BEUC
director general, Monique Goyens said: 2
“It is crucial in our data economy that competition bodies more closely
scrutinise the potential consumer harm of a merger between data-heavy
companies. The commission failed to do so when it gave the go-ahead to
the Facebook-WhatsApp takeover.”
The Bundeskartellamt (German cartel office) has also investigated whether Facebook
is abusing its dominant position by failing to inform people about how their personal
data is being used. On February 7, 2019, the Bundeskartellamt decided to prohibit
Facebook from combining user data from different sources. 3
1

The reason given was that most users did not load their phone number used to register on WhatsApp
onto their Facebook profile. However, in August 2016, WhatsApp announced updates on its terms of
services and privacy policy with the possibility to link WhatsApp user phone number with Facebook
user identities. See EC press release on May 18, 2017.
2
See The Guardian on May 18, 2017.
3
See Bundeskartellamt’s decision on February 7, 2019.
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Privacy concerns therefore bring the question of how firms integrate information
disclosure in their business strategies and how this affects competition. In this respect,
one can observe the emergence of business models which suggest a trade-off between
consumer privacy and the exploitation of consumer information. For instance, Google
supplies consumers with various digital services, e.g., mail (Gmail), photo storage
(Google Photos), maps (Google Maps, Waze), at a zero price. In exchange, it exploits
personal information provided by users; it does so by profiling consumers and charging
advertisers to target them. Google’s business model is therefore essentially data-driven,
with low or even zero prices in exchange of low privacy. In the same vein, since 2016,
Facebook has been subsidizing (i.e., negative pricing) some users up to $20 per month
to sell their privacy by installing the iOS or Android “Facebook Research” app. 4 By
contrast, Apple has adopted a different business model. It charges for digital services, for
instance, data storage (iCloud) or music (Apple Music), bundled with Apple products
(iPad, iPhone etc.). Converserly, Apple has a strict privacy policy, in that it does
not exploit consumer information. 5 Its business model is therefore driven by purchase
revenues and a high privacy level. The same applies for Microsoft who has introduced
Office 365, an online service that competes with Google’s by allowing consumers to edit
documents, manage email, contacts, and calendar events. Microsoft charges consumers
for the service and does not disclose their information for advertising purposes.
These examples highlight the different business strategies that firms in digital markets
may employ regarding consumer information. That being said, these strategies may be
affected by consumer purchase behavior. Indeed, when firms (or platforms) provide a
4

Due to privacy issues, Apple has removed (August 2018) the application Onavo Protect through
which Facebook was collecting a huge amount of data. Facebook sidestepped the App Store and
rewarded some users to download Facebook Research, which gave it root access to network traffic in
what may be a violation of Apple policy. Apple subsequently blocked this application. In a similar,
way, the application Screewise Meter from Google has been removed by Apple. See See TechCrunch on
January 30, 2019.
5
However, Apple distributes a number of applications whose exploitation of data is the economic
model. See Les Echos on March 22, 2019.
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service, consumers may sign-up to not only one service (single-purchasing, or singlehoming) but to several services (multi-purchasing, or multi-homing). A consumer may
buy different variants of horizontally differentiated services, depending on the extent to
which service functionalities are overlapping (e.g., Google’s search engine vs. Bing’s,
Netflix vs. Amazon Prime Video).
Competition in digital markets therefore brings up the consideration of new business
models with respect to privacy and consumer purchase behavior. In this paper, we
examine the impact of competition between firms in prices and information disclosure
levels. We build a two-sided market model where two firms supply a horizontally
differentiated service to consumers on one side, and sell consumer information to a
monopoly data broker on the other side. 6 Consumers observe the level of disclosure
to which firms engage and their price before deciding which service to patronize and
how much personal information to provide. The perceived quality of the firm’s service
for each consumer increases with information provision and decreases with the firm’s
level of disclosure. Firms derive revenue from two sources: purchase revenues from the
prices charged to consumers, and information disclosure revenues from the exploitation
of consumer information. The latter depend on the firm’s disclosure level, the stock of
consumer information, and the selling price of this information to the data broker. 7
We first examine this framework in a benchmark where consumers can only singlepurchase (i.e., sign-up to only one service). We find that firms adopt two types of
business strategies captured by a trade-off between exploiting consumer information,
the level of information provision, and consumer valuations. If consumer valuations are
sufficiently low, firms engage in disclosure of consumer information (low-privacy regime):
6

As in Casadesus-Masanell and Hervas-Drane (2015) and Anderson, Foros, and Kind (2019), we call
this framework as “two-sided” in that firms (platforms) can derive revenues not only from the demand
side (consumers) but also from the supply side (data broker).
7
This framework is related to that of Casadesus-Masanell and Hervas-Drane (2015).
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the lower consumer valuations are, the more firms exploit consumer information, but the
lower the level of information provision. Firms can even subsidize consumers (negative
pricing) if their valuations are very low or if competition intensity (captured by the
parameter of the transportation cost) is high in the market. Firms represent a bottleneck
for access to consumer information and charge the data broker the monopoly price,
leaving her with zero surplus. In other words, firms adopt a data-driven business model.
On the other hand, if consumer valuations are sufficiently high, firms do not engage
in disclosure of consumer information (high-privacy regime) and always charge positive
prices. Firms thus adopt a purchase-driven business model where they do not rely on
disclosure revenues.
We then examine the case of multi-product monopoly and find qualitatively the
same intuitions. We show that a merger to monopoly is profitable for firms because it
increases market power. The merger, which has no impact on privacy, harms consumers.
We then consider for the possibility that some consumers multi-purchase (i.e., sign-up
to both services). Multi-purchasing depends on the incremental value of signing up to
a second service. We find that firms’ business strategies involve a trade-off between
exploiting consumer information, the level of information provision, and consumer
valuation, as in the single-purchasing benchmark. However, we show that this trade-off
is affected by the ability of firms to monetize multi-purchasing consumer information.
We distinguish between two cases: one where multi-purchasing consumer information is
homogenous (i.e., firms sell the same information to the data broker), and another one
where it is differentiated (i.e., firms sell different information to the data broker).
We find that if consumer valuations are sufficiently high, firms do not rely on the
exploitation of consumer information at all, and as in the single-purchasing benchmark,
their business model is purchase-driven. In this case, the attributes of multi-purchasing
consumer information does not affect firms’ business strategies. A merger to monopoly
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is welfare-neutral in that it has no effect, neither on prices nor on privacy.
In contrast, if consumer valuations are sufficiently low, the attributes of multipurchasing consumer information affects firms’ decisions. When multi-purchaser information is homogenous, firms are unable to monetize it, as they sell twice the same
information to the data broker and Bertrand competition brings the price of data to
zero for these consumers. They generate disclosure revenues from the information of
single-purchasers only and the surplus of the data broker increases as there is more
multi-purchasers. Firms do not resort to consumer subsidization and obtain a lower
profit as consumers have more incentives to multi-purchase, but this negative effect is
less pronounced when competition intensity is low. We show that a merger to monopoly
mitigates the issue of the monetization of multi-purchaser information. We find that in
this case, a merger, which decreases prices and privacy levels, harms consumers.
When multi-purchasing consumer information is differentiated, firms are competitive
bottlenecks on all consumer information; they can thus fully monetize the information
provided by multi-purchasers. In this case, we retrieve the trade-off of the singlepurchasing benchmark between the firm’s disclosure level and the level of information
provision. If consumer valuations are very low, firms resort to consumer subsidization
in exchange of exploiting more consumer information. A merger to monopoly has no
effect, neither on prices nor on the way consumer information is exploited. Apart from
monopolizing the market, firms have no incentive to merge in this case.

In the next section, we discuss the related literature. Section 3 presents the model
framework. In Section 4, we solve for firms’ decisions when consumers can only singlepurchase. In Section 5, we examine the case where multi-purchasing is possible. Section
6 concludes. All proofs are in the appendix.
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Relation to literature

Our paper is related to the literature on the economics of privacy.
The seminal papers on privacy are those by Stigler (1980) and Posner (1981); these
authors argue that privacy could lead to allocation inefficiencies by allowing individuals to
hide some characteristics; privacy is therefore undesirable in the absence of externalities
or explicit preferences for privacy. Hermalin and Katz (2006) challenge this view.
They examine the impact of different privacy regimes on allocative efficiency absent
externalities and preferences. They find that more privacy may be efficient in some
cases. Calzolari and Pavan (2006) consider information disclosure between two firms
(principals) that are interested in discovering consumers’ willingness to pay. In a model
of sequential contracting, a common agent strategically decides whether to report her
true type. They find that the transmission of personal data from one company to another
may in some cases reduce information distortions and enhance social welfare. In a survey
on the economics of privacy, Hui and Png (2006) show that externalities generally play
an important role in the collection and exploitation of consumer information. 8
Firms exploit consumer information in various ways, such as advertising. Tag (2009)
examine a monopoly platform that offers either an ad-free pure subscription option or
an ad-only program to discriminate consumers. The author shows that the subscription
option induces a higher level of advertising for those remaining on the ad-only option.
He finds that aggregate consumer surplus falls, whereas the advertiser surplus rises
through lower ad prices. In an extended framework where consumers can choose a costly
ad-avoidance technology, Anderson and Gans (2011) confirm the result of Tag (2009).
De Cornière and Nijs (2014) examine firms’ bidding strategies in auctions for more
precise targeting of their advertisements. The idea is that consumer information provides
8

See also Acquisti and Wagman (2016), for a comprehensive literature review on the economics of
privacy.
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a better segmentation of the population. By disclosing information about consumers,
the platform ensures that consumers will see the most relevant advertisements, whereas
when no information is disclosed under a complete privacy regime, ads are displayed
randomly. The authors find that targeted advertising can lead to higher prices and
that improving match quality by disclosing consumer information to firms might be too
costly to an intermediary because of the informational rent that is passed on to firms.
Given a relationship between the match quality of advertising and consumer demand,
de Cornière and Nijs (2016) show that it is possible to specify conditions under which
some privacy or some limits to disclosure are optimal for an intermediary.
Consumers have privacy concerns over their personal information and this impacts
competition. Noam (1995a, 1995b) discusses the privacy implications of advances in
telecommunications and argues that a competitive marketplace can contribute solutions
to consumer demands for privacy. In the same vein, Spulber (2009) establishes that
competition in online search and advertising market can drive search firms’ decisions
towards more privacy and increase consumer surplus. Casadesus-Masanell and HervasDrane (2015) analyze the effect of competition on consumer privacy. The authors
examine a model where firms compete in privacy (i.e., information disclosure levels).
Consumers provide voluntarily personal information to firms in order to obtain higherquality products. Firms can disclose and sell some of this information to an outside
firm, which negatively impacts consumers’ utility. They determine that the market
equilibrium involves vertical differentiation with respect to disclosure of consumers’
information. One firm positions itself as a high-quality (low-disclosure) provider, and the
other firm as a low-quality (high-disclosure) provider. Moerover, they show that more
intense competition implies more disclosure by the firms, which implies that stronger
market power does not necessarily imply that firms disclose more information about their
users. In other words, more intense competition between firms reduce consumer privacy,
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which can be compensated by consumer subsidization. The policy implication of their
framework is that one should expect low level of privacy in a competitive marketplace
but this does not necessarily harm consumer welfare. 9
Montes, Sand-Zantman and Valletti (2018) study a framework with endogenous
privacy, where two firms obtain data from a data broker. They show that in equilibrium
the data broker sells its data to only one firm, and therefore only one of the competing
firms can set personalised prices. The firm that has access to the data makes more profit
than in the situation without information about consumers, and the firm without access
to data makes a lower profit. In this case, a move from uniform to personalised prices
decreases total welfare, though consumers benefit from this move. 10
Exploitation of consumer information affects firms’ decisions in the market (e.g.,
mergers, investments). In a dynamic model of R&D competition, Prufer and Schottmuller
(2017) examine competition in data-driven markets, i.e., markets where the cost of
quality production is decreasing in the amount of machine-generated data about user
preferences or characteristics. In every period, duopolistic competitors repeatedly choose
their rates of innovation, i.e, firms can increment the quality of their product. The cost
of providing an arbitrary incremental quality is decreasing in the firm market share.
Their model incorporates “data-driven indirect network effects” (similar to learning
effects) which arise on the supply side of a market via decreasing marginal costs of
innovation, but are driven by user demand. Consumer information is collected by the
firm which uses it to adapt the product better to users’ preferences, thereby increasing
perceived quality in the future. They show that data-driven markets become stable
9

Lefouili and Toh (2018) study the impact of privacy regulation on quality. A monopolist supplies
its service for free and derives revenues from information disclosure. Consumes choose whether to use
the service and how much information to provide. They show, among other results, that in a fully
covered market, a disclosure cap decreases quality but is socially desirable in some cases.
10
In the public economics literature, Choi, Jeon and Kim (2019) show that the market equilibrium
level of privacy may still be too low relative to the social optimum.
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monopolies and that in a tipped market, innovation incentives both for the dominant
firm (incumbent) and for competitors are small. First, the relatively lower innovation
cost induces the incumbent to invest less. On top of that, the disadvantaged entrant has
an incentive to disengage. Prufer and Schottmuller (2017) also find that incumbents with
a dominant position can leverage their market power to conquer “connected markets”,
i.e., markets in which the same user data allows to improve quality at a lower marginal
cost. This data-driven “domino effect” may explain why web giants are increasingly
invading markets, often seemingly unrelated from their core business.
Prat and Valletti (2019) study digital platforms as attention brokers that have
proprietary information about their users’ product preferences and sell targeted ad
space to retail product industries. Retail producers compete for access to this attention
bottleneck. The authors define attention brokers by their ability to obtain information
about the preferences of individual users and to target ads to them. They show
that increased concentration among attention brokers may lead to reduced entry in
retail product industries (through higher prices and less product variety), which ends
up harming consumer welfare. They argue that a monopolistic attention broker has
an incentive to create an attention bottleneck by reducing the supply of targeted
advertising. If less ads are sold, this will reduce the number of retail firms that have
access to consumers, thus increasing their market power. This translates into higher
total profits for the retail industry, partially captured by the platform through higher
total ad revenue. The authors finally evaluate that a merger between platforms can
increase market power in the retail industry to the detriment of consumers.
Our paper is also related to the seminal literature on two-sided markets (Rochet
and Tirole, 2003, Caillaud and Jullien, 2003 and Armstrong, 2006)). Armstrong (2006)
shows that in a two-sided market with cross-group network effects (e.g., the benefit from
joining the platform on one side depends on the size of the group joining the platform on

134

CHAPTER 3. PRIVACY, COMPETITION, AND MULTI-PURCHASING

the other side), equilibrium prices are determined by (i) the magnitude of the cross-group
network effects, (ii) whether fees are levied on a lump-sum or per-transaction basis, and
(iii) whether agents single or multi-purchase (or multi-home).
Choi (2010) analyzes the effect of tying a two-sided market where agents can multipurchase. He shows that tying is associated with more multi-homing on the consumer
side and that it also benefits content providers as platform-specific exclusive content
is available to more consumers. Tying can therefore be welfare-improving if multipurchasing is allowed. Belleflamme and Peitz (2019) evaluate how platforms, buyers,
and sellers are affected when (non-competing) sellers have the possibility to multipurchase. They show that the common wisdom according to which platforms and buyers
should benefit from this possibility, but sellers should not, is not always correct. In
fact, platforms may prefer to prevent sellers from multi-homing and this would then
hurt buyers; the authors conjecture that this is more likely to happen in environments
with competing sellers. A reason is that competing sellers are more willing to accept
exclusivity agreements, which increases coordination, thereby relaxing competition
among them. The authors find that it would make exclusive agreements more profitable
for platforms (as sellers are more willing to accept them) and even less desirable for
buyers (by paying higher fees to platforms and by facing less sellers with more market
power). Belleflamme and Peitz conclude that these results are important for antitrust
authorities that examine whether exclusivity agreements between platforms and sellers
should be allowed or not.
Anderson, Foros, and Kind (2019) study the impact of consumer multi-purchasing
on market equilibrium and performance. They adopt a circular model of product
differentiation, where platforms may charge both sides of the market, i.e., consumers and
advertisers. The authors show that equilibrium consumer prices are independent of the
number of platforms when some but not all consumers multi-purchase. On the contrary,
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advertising prices decrease as the fraction of multi-purchasers increases. Moreover, a
merger between two platforms does not affect consumer prices, but is profitable since
the merging platforms can charge advertisers. The authors also show that an incumbent
may have less incentive than an entrant to set up an additional platform. They conclude
that compared to single-purchasing, multi-purchasing flips the side of the market on
which platforms compete and that equilibrium product variety can be insufficient under
multihoming.
In a companion paper, Anderson, Foros and Kind (2017) examine in a one-sided
market the characteristics of single-purchasing and multi-purchasing equilibrium. The
authors assume that each product has its own specific part, while there also exists
a common overlapping part that belongs to both products. Each firm can make its
product exclusive with its opponent’s, and hence the customers can consume only one
of the products (single-purchase) rather than both (multi-purchase). Without product
overlap, allowing multi-purchasing should be better for the firms because they have
larger demand and less fierce competition. With overlap, each firm cannot charge for
the common part, as they compete à la Bertrand. Therefore, allowing multi-purchasing
could make the firms worse-off because of overlap and horizontal differentiation.

3

Model

We study a two-sided market where firms compete in prices and information disclosure
levels. Two firms, A and B, are located on a Hotelling line and supply a service to
consumers at zero marginal cost. Firms are located at the two extremes of a line of
length 1, with firm A located at point 0 and firm B at point 1. Consumers are uniformly
distributed along the line, and choose to sign up for a service from firm A, firm B, or
both if this is possible.
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A consumer purchasing only the service of firm i = A, B (single-purchasing) decides
on the level of personal information yi ∈ [0, 1] to provide to this firm. 11 The net utility
of the consumer, located at x ∈ [0, 1], when purchasing service i, for given price pi and
information disclosure di ∈ [0, 1], is
1/2

1/2

Ui = vyi (2 − yi

1/2

− di yi ) − pi − txi ,

(1)

where v > 0 is a parameter which reflects the intrinsic benefit of the service, and txi = tx
is the transportation cost incurred when buying for firm i = A and txi = t(1 − x) the
transportation cost when buying from firm i = B. 12
1/2

1/2

The term yi (2 − yi

1/2

− di yi ) in equation (1) represents the quality of firm i’s

service. This specification implies that quality is concave in the level of information

provision yi . This means that consumers benefit from providing information, because
it allows the firm to provide a personalized, higher quality service; but at the margin,
this benefit is decreasing. Moreover, the informational quality is decreasing in the level
of information disclosure di , meaning that consumers incur disutility from information
disclosure.
Firm i decides on a price pi ∈ R+ and a disclosure level di ∈ [0, 1]. Firms derive

revenues from purchases but also we allow them to set negative prices (i.e., to subsidize
consumers). Firms can also derive revenues by disclosing consumer information on a
data market. More precisely, firm i sells consumer information to a monopoly data
broker, at a price pbi per user and piece of information. This means that firm i’s revenue
from selling the information of one user is di yi × pbi . Let Di (.) be the demand of firm i.
11

The framework where a consumer can purchase both services (multi-purchasing) is presented
later in Section 5.
12
Our utility function is different from that of Casadesus-Masanell and Hervas-Drane (2015), where
the authors examine a model of vertical differentiation with single-purchasing. Using their formulation
in our model, we would obtain untractable solutions (in most cases) when allowing for multi-purchasing.
In the Appendix, we briefly derive their framework with single-purchasing and horizontal differentiation.
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The profit of firm i is then




Πi = pi + di yi pbi Di .
We now characterize the utility of buying consumer information for the data broker.
Let v b > 0 be the value placed by the data broker on the information of each user
signing up to service i. When acquiring firm i’s consumer information, the net utility of




the data broker is thus given by v b − pbi Di .

We consider the following sequence of events. At the first stage, firms simultaneously

set their disclosure level di . 13 At the second stage, firms simultaneously set their price pi
and determine the selling price pbi of consumer information. At the third stage, having
observed prices and disclosure levels, consumers choose to purchase firm A’s or firm B’s
service, or to stay out of the market. At the fourth stage, consumers decide on the level
of information provision yi to the firm i they have patronized.
We look for the subgame perfect equilibrium of this game.

4

Single-purchasing

We start by considering single-purchasing, that is, a situation where consumers purchase
one service or none.
In what follows, we determine the equilibrium under duopoly and monopoly. We
restrict our attention to parameter values such that the market is covered in equilibrium.

4.1

Duopoly

We start by solving for the equilibrium with single-purchasing when firm A and B are
active.
13

As in Casadesus-Masanell and Hervas-Drane (2015), firms commit to the level of information
disclosure announced in the first stage.
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At the fourth stage, a consumer decides on the level of information to the firm she
has patronized, let’s say firm i. For a given disclosure level di and price pi , the consumer
chooses yi by maximizing (1), which gives
yic (di ) =

1
.
(1 + di )2

(2)

From equation (2), we observe that the higher firm i’s disclosure level, the less a consumer
is willing to provide information, i.e., ∂yi /∂di ≤ 0.
At the third stage, we compute firms’ demands by determining the location of the
consumer who is indifferent between A and B. Replacing for yic (di ) into (1), we find
that the indifferent consumer is located at




1 pA − pB
v
1
1
x = −
+
−
.
2
2t
2t 1 + dA 1 + dB
∗

(3)

The demand of firm A is therefore DA (pA , pB ) = x∗ , while the demand of firm B is
DB (pA , pB ) = 1 − x∗ .
At the second stage, firm i sets the selling price of consumer information for the
data broker. We assume that firms A and B make a take-it-or-leave-it offer to the data
broker, because they represent a bottleneck for access to consumer information. The
data broker is willing to buy consumer information from i as long as pbi ≤ v b . Firm i

therefore charges the data broker pbi = v b , and the data broker is left with zero surplus.
For simplicity, we normalize v b to 1, meaning that pbi = 1.
If the market is covered, firm i’s profit is then given by
Πi (pA , pB ) = (pi + di yic (di ))Di (pA , pB ).

(4)

From (4), we observe that firm i derives profits from selling its service at a price
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pi and from exploiting consumer information di yic (di ) at a selling price pbi = 1 and a
disclosure level di .
Each firm sets its price pi to maximize its profit, which is given by given equation
(4), taking the rival’s price pj as given. Solving for the price reaction functions, we
obtain the equilibrium prices, denoted by pci (di , dj ). Note that as di increases, firm i’s
price decreases, i.e., ∂pci /∂di ≤ 0. The second-order condition is always satisfied, as
∂ 2 Πi /∂p2i = −1/t < 0.

Plugging equilibrium prices into the profit function (4), we now solve for firms’
optimal disclosure levels at Stage 1.
Let examine how firm i’s profit, which can be written Πi (pci (di , dj ), pcj (di , dj ), di , dj ),
is affected by a variation of the disclosure level di . Using the envelope theorem, we have
!

!

∂Πi ∂Πi ∂pj c
∂y c
∂Di ∂Di ∂pcj
dΠi
=
+
= di i + yic Di +
+
(pci + di yic ) .
ddi
∂di
∂pj ∂di
∂di
∂di
∂pj ∂di

(5)

The first term on the right-hand side of equation (5) represents a direct effect of a
higher disclosure level on firm i’s revenue from exploiting consumer information. When
firm i discloses more information, consumers provide less information (∂yic /∂di ≤ 0),

which has a negative effect on disclosure revenues. However, this is compensated as firm

i exploits more consumer information (yic > 0). Overall, we find this effect is positive.
The second term on the right-hand side of equation of (5) is composed of a direct and an
indirect effect. First, a higher disclosure level lowers quality, which induces a negative
direct effect on firm i’s demand (∂Di /∂di ≤ 0). Second, there is an indirect effect of
a higher disclosure level di on firm i’s demand through firm j’s pricing. If consumers

have low valuations (v < (1 − di )/(1 + di )), firm j decreases its price when di increases,

which affects negatively firm i’s demand. In contrast, if consumers have high valuations

(v > (1 − di )/(1 + di )), firm j reacts to the increase of di by increasing its own price pj ,
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which affects positively firm i’s demand. High valuation consumers are more sensitive
to quality and perceive more negatively a higher level of disclosure. They have a higher
willingness to pay, which induces firm j to increase its price.
Each firm sets its disclosure level di to maximize its profit, taking the rival’s disclosure
level dj as given. Solving for the disclosure reaction functions, we obtain the equilibrium
disclosure levels, dcA and dcB . The second-order conditions are satisfied at dA = dcA and
dB = dcB .
All consumers are served if the marginal consumer derives a positive utility in
equilibrium, that is, if v/(1 + dci ) − pci − tx∗ ≥ 0, i.e., if (i) 0 < v < 1 and t ≤ (v + 1)2 /6,
or if (ii) v ≥ 1 and t ≤ 2v/3. We focus on the equilbrium with a covered market and
thus that these conditions hold.

The following lemma characterizes the equilibrium:
Lemma 1. In the duopoly equilibrium with a covered market, consumers provide information
yc =

1
.
(1 + dc )2

(i) If 0 < v < 1 and 0 < t ≤ (v + 1)2 /6, firms’ optimal prices and disclosure levels are
pc = t −

1 − v2
,
4

dc =

1−v
.
1+v

(ii) If v ≥ 1 and 0 < t ≤ 2v/3, firms’ optimal prices and disclosure levels are
pc = t,

dc = 0.

From Lemma 1, we observe that there are two types of equilibria. If consumers have
low valuations (v < 1), firms engage in disclosure (dc > 0) and the lower is consumers’
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willingness to pay for the service, the higher the level of disclosure (∂dc /∂v ≤ 0), but

the lower the provision of information (∂y c /∂v > 0). As consumer valuations are low,
firms generate low purchase revenues and disclosure revenues become relatively more
important. Firms, which are competitive bottlenecks on consumer information, extract
all surplus from the data broker. Firms engaging in disclosure can subsidize consumers
by charging negative prices: this happens if consumer valuations are low enough, i.e.,
if v < 1/5, or if the level of differentiation is low (t < (1 − v 2 /4)). Firms subsidize

consumers when their valuations are very low in exchange of generating more revenues
from exploiting their information. Subzidiation occurs if the level of differentiation is
low, i.e., if the competitive pressure is strong enough.
If consumers willingness to pay for the service is sufficiently high (v ≥ 1), firms avoid

engaging in disclosure (dc = 0), but charge positive prices (higher than if v < 1). Indeed,
as consumer valuations are high enough, purchase revenues become comparatively more
important for firms.
In sum, firms face a trade-off between exploiting consumer information and the level
of information provision, which depends on consumer valuations. A higher disclosure
level decreases the level of information provision. Consumers with low valuations provide
less information, but this information is more exploited to generate larger disclosure
revenues. Consumers with high valuations provide more information, but firms generate
more value from them through purchase revenues.

4.2

Monopoly

We now study the equilibrium when A and B act as a monopoly, for example, after a
merger. We consider a multi-product monopoly, which supplies services A and B at
prices pA and pB , with disclosure levels dA and dB , respectively.
At Stage 4, the level of information provision yi for service i is as given in (2): for a
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given di , yim = 1/(1 + di )2 .
At Stage 3, if the market is covered, proceeding in a similar way as in the previous
sub-section, we find that the demand for service A is DA (pA , pB ) = x∗ and the demand
for service B is DB (pA , pB ) = 1 − x∗ , where x∗ is given by (3).
In a market which is not covered, we determine the location of the consumer
indifferent between buying service i and staying out of the market, i.e., Ui = 0. The
demand for service i in this case is:
Diu (pi ) =

pi
v
− ,
(1 + di )t
t

i = A, B.

At Stage 2, we determine the price of consumer information. As in the previous
section, the monopolist has monopoly power on consumer information, which is sold at
the price pbA = pbB = 1.
We now consider the pricing problem of the monopoly. If the market is covered, the
monopoly profit is given by:
Πm (pA , pB ) =

X

(pi + di yim (di ))Di (pA , pB ).

(6)

i=A,B

At the optimum for the monopoly with a covered market, the indifferent consumer
receives zero surplus, i.e., v/(1 + dA ) − pA − tx∗ = 0. Substituting for x∗ in (3), we
obtain the relation between prices that ensures market coverage:


1
1
pB = v
+
1 + dA 1 + dB



− pA − t.

We can thus express Πm as a function of only pA . We solve for the first-order
condition ∂Πm /∂pA = 0 (the SOC holds as ∂ 2 Πm /∂p2A = −4/t < 0), and obtain the
m
equilibrium prices pm
A (dA , dB ) and pB (dA , dB ) when the market is covered.
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If the market is not covered, the profit of the monopoly is given by
Πu (pA , pB ) =

X

(pi + di yim (di )) Diu (pi ).

i=A,B

Profit maximization yields pui (di ) = (v(1 + di ) − di ) / (2(1 + di )2 ).
Consider now the first stage where the monopolist chooses the disclosure levels.
If the market is covered, the monopoly sets the disclosure levels to maximize its profit
Πm . Solving for the first-order conditions, we obtain the equilibrium disclosure levels,
m
dm
A and dB . We check that for these values, the second-order conditions are satisfied.

We proceed in a similar way for the uncovered monopoly and obtain dui = (1 −

v)/(1 + v).

Since we wish to restrict our attention to parameter values such that market is
covered, we check under which conditions the monopoly chooses to cover the market. The
m < 0, which holds if (i) 0 < v < 1
monopolist covers the market if ∂Πu /∂pi |{pi =pm
i ,di =di }

and t < (v + 1)2 /4, or if (ii) v ≥ 1 and t < v.

The following lemma characterizes the monopoly outcome:

Lemma 2. In a monopoly with a covered market, consumers provide information
ym =

1
.
(1 + dm )2

(i) If 0 < v < 1 and 0 < t < (v + 1)2 /4, the monopoly prices and disclosure levels are
pm =

v(1 + v) t
− ,
2
2

dm =

1−v
.
1+v

(ii) If v ≥ 1 and 0 < t < v, the monopoly prices and disclosure levels are
t
pm = v − ,
2

dm = 0.
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As in Lemma 1, there are two types of equilibria. The monopolist engages in
disclosure (dm > 0) and charges a positive price (pm > 0) if consumer valuations are not
too high (v < 1). The monopolist charges negative prices if consumer valuations are very
low (v < 1/3) and the level of differentiation is high enough (t > v(1 + v)), in exchange
of generating larger disclosure revenues. The monopolist charges the maximum price
that extracts the surplus of the indifferent consumer. When consumer valuations are
low and the differentiation level increases, it is profitable to set negative prices while
increasing the level of information disclosure.
If consumer valuations are sufficiently high (v ≥ 1), the monopolist does not engage

in disclosure (dc = 0) and charges a positive price. As already explained, the intuition
is that when consumer valuations are high, the monopolist relies more on purchase
revenues, which are comparatively more beneficial than disclosure revenues.
The following proposition compares the duopoly and monopoly outcomes, and
examines the impact of competition when consumers single-purchase.
Proposition 1. Moving from duopoly to monopoly
(i) is price-increasing (pdi < pm
i ), but does not eliminate consumers subsidization (i.e.,
negative pricing);
(ii) has no impact on privacy (dc = dm ).
Proposition 1(i), shows that moving from duopoly to monopoly does not eliminate
consumer subsidization, contrary to Casadesus-Masanell and Hervas-Drane (2015). The
particularity of our model is that it incorporates horizontal differentiation. On top of low
consumer valuations, a higher level of differentiation (higher t) brings the monopolist to
resort to negative pricing. However, a merger to monopoly increases market power: it is
price-increasing as it eliminates competition.
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In Proposition 1(ii), we find that a merger to monopoly does not impact firms’
decisions on information disclosure. An explanation is that the incentives to exploit
consumer information are qualitatively the same; there exists a trade-off between
exploiting more consumer information (higher disclosure level) and a lower level of
information provision from consumers. Moreover, both in monopoly and duopoly, firms
are competitive bottlenecks on consumer information.
In this framework, a merger to monopoly is profitable in that it increases market
power. The merger is privacy-neutral and not data-driven. From the point of view of
welfare, it is clear that the merger decreases consumer welfare since for a similar level of
information disclosure, consumers, whether they sign up to service A or B, pay a higher
price.

5

Multi-purchasing

We now consider the possibility that some of the consumers purchase both services (i.e.,
multi-purchase).
Incentives for multi-purchasing. We first characterize how consumers value
multi-purchasing over single-purchasing. Let σ ∈ [0, 1] represent the incremental value
of signing up to a second service. If σ = 1, there is no overlap between the two services

and multi-purchasers derive the full utility from the second service. On the other hand,
if σ = 0, there is a large overlap and the consumption of the second service brings no
incremental gross utility.
We examine a framework where some consumers choose to single-purchase, while
others choose to multi-purchase. Figure 1 depicts a possible market outcome, where
consumers located to the left of point x0B purchase service A only, those on the right of
x0A purchase service B only, and finally consumers between x0B and x0A purchase both.
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Utility functions. The utility of a consumer who purchases service B in addition
to service A is
1/2

UA,B = UA + {σvyB



1/2

1/2

2 − y B − dB y B



(7)

− pB − t(1 − x)}.

Similarly, the utility of a consumer who buys service A in addition to service B is
1/2

UB,A = UB + {σvyA



1/2

1/2

2 − yA − dA yA



(8)

− pA − tx}.

If σ = 0, the consumer does not benefit from the consumption of a second service. 14
As σ increases, the consumer increasingly values the consumption of a second service,
which implies that multi-purchasing is more valuable. If σ = 1, there is no overlap
between services A and B and UA,B = UB,A .
Valuation of multi-purchasing consumer information. We finally define how
multi-purchasing consumer information is valued by the data broker. Let αv b be the
value placed by the data broker on the information of each consumer who multi-purchases,
where α ∈ {0, 1}. This captures the idea that multi-purchasing consumer information

being sold twice (i.e., by both firms A and B), it becomes less valuable for the data broker
compared to single-purchasing consumer information, sold only once. 15 We interpret α
as a parameter capturing the attributes of multi-purchasing consumer information at
two extremes: if α = 0, multi-purchasing consumer information is “homogenous”, while
if α = 1, it is “differentiated”. 16
14

1/2

1/2

1/2

We assume that if σ = 0, there is no multi-purchasing, i.e., pA + pB + t > vyi (2 − yi − di yi ).
Anderson, Foros, Kind (2019) use this type of modelling with α ∈ [0, 1]. Note that solving our
framework with α ∈ [0, 1] generates untractable solutions, which is why we assume α ∈ {0, 1}.
16
The parameter α is exogenous, meaning that firms do not choose to “make” user information
homogenous or differentiated. This stems from the idea that these are the consumers who provide their
personal information. We then model two extreme situations where consumers (exogenously) either
provide homogenous or differentiated information. For instance, if a consumer provides information
on its contacts to firm A while providing information on its photos to firm B, this information is
differentiated. Another possible example is a data broker who is unable to determine whether consumer
15
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In what follows, we firstly examine the duopoly framework. Then, we study a
monopolistic market. As in the previous section, we restrict our attention to parameter
values such that the market is covered.
Note that for the timing at Stage 3, consumers now choose to purchase firm A’s or
firm B’s service, both firms’ services, or to stay out of the market.
Service A only

0

Services A & B

Services B & A
1
2

x0B

Services B only

x0A

1

Figure 1 – Demand composition with multi-purchasing

5.1

Duopoly

We solve for the equilibrium in the duopoly case.
At Stage 4, each consumer decides on the level of information to provide to the
firm(s) he has patronized. If the consumer signs up to service i only, he chooses yi
by maximizing (1), and the level of information provision is then given by (2). If the
consumer signs up to both services, he chooses yA and yB to maximize Ui,j , which gives
yi =

1
,
(1 + di )2

i = A, B.

Therefore, multi-purchasing and single-purchasing consumers provide the same level of
information when using service i.
At Stage 3, consumers choose which service(s) to patronize. With our specification, a
consumer who purchases service i in addition to service j does not necessarily derive the
same utility than if he purchases j in addition to i, i.e., we can have either UAB > UBA
or UAB < UBA . We therefore make the simplifying assumption that multi-purchasers
information originates from multi-purchasers or single-purchasers.
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to the left of 1/2 sign up to service B in addition to service A and the ones to the
right of 1/2 sign up to service A in addition to service B (see Figure 1). 17 We justify
this assumption insofar as multi-purchasers incur disutility from firstly signing up to a
service far from their location; multi-purchasers to the left of 1/2 (to the right of 1/2)
are therefore assumed to primarily sign up to service A (service B). This disutility from
location is exogenous to this framework and is simply assumed.
The location of the consumer who is indifferent between buying service A and buying
both services is then given by UA = UA,B (location x0B on Figure 1). In a similar way,
the location of the consumer who is indifferent between buying service B and buying
both services is given by UB = UB,A (location x0A on Figure 1).
Let Dis (.) be the single-purchasing demand of firm i and let Dm (.) be the multipurchasing demand, common to firms A and B. The single-purchasing demand of firm i
is then
Dis (pj )

1
=1−
t

!

σv
− pj ,
1 + dj

i 6= j,

s
s
where x0B ≡ DA
(pB ) and 1 − x0A ≡ DB
(pA ). The multi-purchasing demand is given by

σv
D (pA , pB ) =
t
m



1
1
+
1 + dA 1 + dB



−

pA + pB
− 1,
t

where x0A − x0B ≡ Dm (pA , pB ).
Firm i’s total demand is then given by Di = Dis + Dm , that is,
Di (pi ) =

σv
pi
− .
(1 + di )t
t

(9)

Firm i’s total demand therefore only depends on its own price and disclosure level.
However, the composition of firm i’s demand in terms of single and multi-purchasers
17

Anderson, Foros, and Kind (2017) specify a utility function where a consumer who purchases
service i for its incremental value over service j does so depending on its location x.
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depends on the prices of the two firms.
At Stage 2, firm i determines the selling price of consumer information to the
data broker. In our framework, both firms derive revenues from the sale of consumer
information. The data broker purchases single-purchasing user information from firm
i if pbi ≤ v b . Moreover, the data broker purchases multi-purchasing user information

from both firms is pbi ≤ αv b . Assume that firms make a take-it-or-leave-it offer to the

data broker. Firm i has a monopoly power over the information of its single-purchasers,
and therefore charges pbi = v b = 1) for access to information about these consumers. By
contrast, firms A and B compete for selling information about multi-purchasers. The
equilibrium price depends on the attributes of this information. If α = 1, firms provide
differentiated information; they are thus competitive bottlenecks and sell multi-purchaser
information at the price pb = 1. On the other hand, if α = 0, firms compete to sell
the same information to the data broker; firms lose the advantage of being competitive
bottlenecks and in this case, pb = 0. 18 This implies that multi-purchasing consumer
information is not valuable from the firms.
Firm i’s profit can then be written as:
Πi (pi ) = pi Di (pi ) + di yic (di ) (Dis (pj ) + αDm (pi , pj )) ,

α ∈ {0, 1}.

(10)

The first part of (10) represents firm i’s purchase revenues, while the second part
represents the revenues from information disclosure. If α = 0, firm i derive revenues
from single-purchaser information only, whereas if α = 1, it also generates revenues from
the sale of multi-purchaser information.
In what follows, we solve for the equilibrium when α = 0, and then when α = 1.
18

Since firms sell homogenous information, they compete à la Bertrand, driving prices to zero.
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Multi-purchasing consumer information is homogenous (α = 0)
Each firm i sets its price pi to maximize its profit given by (10), taking its rival’s price
pj as given. Solving for the first-order conditions of profit maximization, we obtain the
equilibrium price 19
pci (di ) =

σv
,
2(1 + di )

i = A, B.

Plugging the equilibrium prices into the profit function (10), we now solve for the
firms’ equilibrium disclosure levels at Stage 1.
Let us first examine how firm i’s profit Πi (pci (di ), pcj (dj ), di , dj ), is affected by a
variation of di . With Di = Dis + Dm , and using the envelope theorem, we obtain
!

dΠi
∂y c
∂Di
= yic + di i Dis + pci
.
ddi
∂di
∂di

(11)

The first expression in (11) represents a direct (positive) effect of a higher disclosure
level on firm i’s revenue from exploiting (only) single-purchaser information. The positive
effect of exploiting more consumer information (yic > 0) always dominates the negative
effect that consumers provide less information at the margin (di ∂yic /∂di ≤ 0). The
second expression in (11) represents a negative direct effect of a higher disclosure level

on firm i’s total demand. In sum, a higher disclosure level affects positively the revenues
from exploiting single-purchasing consumer information, but it affects negatively the
total demand of the firm.
Each firm sets its disclosure level di to maximize its profit, taking the rival disclosure
level dj as given. Solving for the first-order conditions, we obtain equilibrium disclosure
levels, dcA and dcB . The second-order conditions are satisfied.
To ensure that all consumers are served (Ui ≥ 0 and Ui,j ≥ 0, i 6= j) and that there
19

The second-order conditions are always satisfied: ∂ 2 Πi /∂p2i = −2/t < 0.
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is multi-purchasing, for all σ ∈ (0, 1], the following conditions have to hold:
(σv)3/2 σv(1 + σv)
σv(1 + σv)
+
<t<
2
4
2
σv
1
< t < σv and v ≥ .
2
σ

and 0 < v <

1
,
σ

(12a)
(12b)

The following lemma summarizes the above results:
Lemma 3. In the duopoly equilibrium where multi-purchasing consumer information is
homogenous (α = 0), the market is covered and consumers provide information
yc =

1
.
(1 + dc )2

(i) Given condition (12a), firms’ optimal prices and disclosure levels are
p(dc ) =

σv
,
2(1 + dc )

dc =





q
1
σv(1 − σv) + (σv)2 (1 − σv)2 − σv(1 + σv)8t + 16t2 .
4t

(ii) If v ≥ 1/σ and σv/2 < t < σv, firms’ optimal prices and disclosure levels are
pc =

σv
,
2

dc = 0.

There are two types of equilibria for firms competing in prices and information
disclosure levels. If consumers have low valuations (v < 1/σ), firms exploit consumer
information by engaging in disclosure (dc > 0). While a higher disclosure level translates
into a lower price (∂pc /∂di < 0), firms do not subsidize consumers in exchange of
exploiting more consumer information. This result stems from the issue of monetization
of multi-purchasing consumer information. When maximizing its profit, firm i chooses
the price that ensures the maximal revenue from the whole demand, i.e., from single
and multi-purchasers. Firm i takes into account that it can value the multi-purchasers
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only through purchase revenues, which implies that there is no strategic interaction with
disclosure revenues. On the contrary, firm i can value single-purchasers through the two
revenue channels, which implies a strategic interplay between purchase and disclosure
revenues. Since consumer subsidization may be interesting only for single-purchasers,
firm i does not resort to negative prices.
This suggests that as there is more multi-purchasing, prices should be higher and
disclosure levels lower. Let us examine the impact of σ, which is a measure of the incentive
to multi-purchase. We find that as σ increases, firm i increases its price (∂pc /∂σ ≥ 0)
and exploits less consumer information (∂dc /∂σ ≤ 0). The intuition is that a higher
σ implies that consumer valuation for a second service is higher: a higher valuation
implies lower disclosure levels and, on top of that, fewer single-purchasers and therefore
less possibilities to benefit from exploiting consumer information. The overall effect of
a higher σ on firm i’s profit is negative (dΠc /dσ ≤ 0). This is explained in particular
by the negative impact of σ on firm i’s single-purchasing demand (dDis /dσ < 0). Note

that the data broker benefits from more multi-purchasing as firms sell (homogenous)
multi-purchaser information at an equilibrium price equal to zero.
Finally, as differentiation increases (higher t), firms set a higher disclosure level
and a lower price. The intuition is that when there is more differentiation, it is less
interesting to multi-purchase, which implies less multi-purchasing. As a consequence,
there are more single-purchasers, and firms can better monetize consumer information.
Consumer information is more exploited (∂dc /∂t ≥ 0), which induces firms to decrease
prices (∂pc /∂t ≤ 0).

We find different results if consumer valuations are sufficiently high. Indeed, firms
do not engage in disclosure (dc = 0) and rely only on purchase revenues. The issue of
monetization of multi-purchaser information therefore becomes irrelevant. As there is
more incentive for multi-purchasing (higher σ), firms can charge higher prices (∂pc /∂σ ≥
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0). The reason is that as σ is associated to consumer valuation v, firms are able to
charge higher prices. The overall effect on profit is positive (∂Πc /∂σ ≥ 0).
Multi-purchasing consumer information is differentiated (α = 1)
At Stage 2, each firm sets its price to maximize its profit given (10), taking its rival’s
price pj as given. Solving for the first-order conditions of profit maximization, we obtain
the equilibrium price 20
pci (di ) =

σv(1 + di ) − di
,
2(1 + di )2

i = A, B.

A higher disclosure level is associated with a lower price, that is, ∂pc /∂di ≤ 0.

Plugging the equilibrium prices into the profit function (10), we now solve for firms’

optimal disclosure levels at Stage 1.
Let us first examine how firm i’s profit, Πi (pci (di ), pcj (dj ), di , dj ), is affected by a
variation of di . Given that Di = Dis + Dm , and using the envelope theorem, we obtain
!

dΠi
∂y c
∂Di
= yic + di i Di + (pci + di yic )
.
ddi
∂di
∂di

(13)

Compared to equation (11), we observe that in equation (13) the positive effect of a
higher disclosure level on firm i’s revenue from exploiting consumer information stems
from both single and multi-purchasing consumers, i.e., the total firm’s demand. This
suggests that firm i should now be able to set a higher disclosure level.
Each firm sets its disclosure level di to maximize its profit, taking the rival’s disclosure
level dj as given. Solving for the first-order conditions, we obtain the equilibrium
disclosure levels, dcA and dcB . The second-order conditions are satisfied.
To ensure that all consumers are served (i.e., Ui ≥ 0 and Ui,j ≥ 0, i =
6 j) and that
20

The second-order conditions are always satisfied: where ∂ 2 Πi /∂p2i = −2/t < 0.
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there is multi-purchasing, for all σ ∈ (0, 1], the following conditions should hold: (i)
0 < v < 1/σ, (1 + σv)2 /8 < t < (1 + σv)2 /4, or (ii) v ≥ 1/σ and σv/2 < t < σv.
The following lemma summarizes the analysis:

Lemma 4. In the duopoly equilibrium where multi-purchasing consumer information is
differentiated (α = 1), the market is covered and consumers provide information
yc =

1
.
(1 + dc )2

(i) If 0 < v < 1/σ, (1 + σv)2 /8 < t < (1 + σv)2 /4, firms’ optimal prices and disclosure
levels are
pc =

(1 + σv)(3σv − 1)
,
8

dc =

1 − σv
,
1 + σv

(ii) If v ≥ 1/σ and σv/2 < t < σv, firms’ optimal prices and disclosure levels are
pc =

σv
,
2

dc = 0.

Once again, there are two types of equilibria. If consumer valuations are low
(v < 1/σ), firms engage in disclosure (dc > 0). A lower willingness to pay is associated
with a higher disclosure level (∂dc /∂v ≤ 0) and lower information provision (∂y c /∂v > 0).
In exchange of exploiting more consumer information, firms resort to negative pricing if
consumer valuations are very low (i.e., v < 1/3σ). More incentive to multi-purchase (a
higher σ) implies a higher price (∂pc /∂σ > 0) and a lower disclosure level (∂dc /∂σ ≤ 0).

This is because a higher σ implies higher consumer valuations for a second service and

this is negatively associated with the level disclosure. In addition, as σ is higher, firms’
profits are also higher (dΠc /dσ ≥ 0). If consumer valuations are sufficiently high, firms
charge positive prices and do not engage in disclosure.

We now state the following proposition that compares firms’ decisions depending on
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the attributes of multi-purchaser information.
Proposition 2. If multi-purchasing consumer information is homogenous (α = 0),
firms charge higher prices and set lower disclosure levels compared to the case where
consumer information is differentiated (α = 1), i.e., pc|α=0 ≥ pc|α=1 and dc|α=0 ≤ dc|α=1 ,
respectively.

The attributes of multi-purchasing consumer information affect firms’ business
strategies, in that it modifies the trade-off between purchase and disclosure revenues. If
α = 1, firms represent competitive bottleneck on multi-purchasing consumer information,
contrary to the case where α = 0. This implies that firms benefit from setting higher
disclosure levels on single-purchasers only in the latter case, whereas they benefit from
it on their whole demand (i.e., including multi-purchasers) in the former case. Firms
therefore sets higher disclosure levels if α = 1 compared to α = 0. This implies that one
should expect different privacy levels depending on how firms value multi-purchasing
consumer information.
Firms charge higher prices if α = 0, as they rely more on purchase revenues. Moreover,
they do not make use of negative pricing, contrary to the case where α = 1, as they do
not sufficiently benefit from exploiting more consumer information in exchange.
A higher level of differentiation (a higher t) mitigates the difference between the
two cases, α = 0 and α = 1. Indeed, more differentiation implies less multi-purchasing,
which makes the differences between both cases less pronounced.

5.2

Monopoly

We now examine the case of multi-product monopoly.
In the duopoly, firms cannot derive revenue from multi-purchasing consumer information if it is homogenous (α = 0), as Bertrand competition brings the price of data to
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zero for these consumers. In this sub-section, we examine if the monopoly is able to
internalize this issue.
At Stage 4, the level of information yi is the same than in the previous sub-section:
yic = yim .
At Stage 3, the consumer chooses which service(s) to purchase. Proceeding in a
similar way as in the previous sub-section, the demand functions of the monopoly for
services A and B are given by equation (9).
At Stage 2, the monopolist determines the price of consumer information. We first
consider the scenario where multi-purchasing consumer information is homogenous
(α = 0), and then the alternative case where it is differentiated (α = 1).

Multi-purchasing consumer information is homogenous (α = 0)
The monopolist is a competitive bottleneck on single-purchasing consumer information
and thus charges the data broker pb = 1. Moreover, the monopolist is now able to
monetize multi-purchaser information. Indeed, absent any competition, the monopolist
sells multi-purchaser information only once. This creates a competitive bottleneck and
multi-purchaser information is thus sold at pb = 1.
We now characterize the monopoly profit. Let us determine how the revenues from
exploiting multi-purchasing consumer information appear in the profit function. We
assume that a fraction of this information is sold at a disclosure level dA (i.e., consumers
from x0B to 1/2 on the Hotelling line), while the other fraction is sold at a disclosure
level dB (i.e., consumers from 1/2 to x0A ). This amounts to say that half of all consumer
information is sold at a disclosure level dA , while the other half is sold at a disclosure
level dB .
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The monopoly profit is thus given by:
Πm (pA , pB ) =

X

pi Di (pi ) +

i=A,B

di yim (di )
.
2

(14)

The monopoly chooses pA and pB to maximize (14) by setting ∂Πm /∂pi = 0. Solving
c
for the first-order conditions, we obtain that pm
i = pi .

Plugging the equilibrium prices into the profit function (14), we now solve for the
optimal disclosure levels of the monopoly at Stage 1.

Let us first examine how the monopoly profit is affected by a variation of the
disclosure level di . Using the envelope theorem, we obtain
dΠm
∂y m
= yim + di i
ddi
∂di

!

1
∂Di
+ pci
.
2
∂di

Compared to equation (11), we observe that disclosure revenues are also generated from
multi-purchasing consumers. Indeed, in the above equation, 1/2 represents the number of
single-purchasers (Dis ) plus the multi-purchasers who sign-up to service j in addition to
service i (i.e., users from x0A to 1/2). We therefore have dΠci /ddi |pi =pci < dΠm /ddi |pi =pm
,
i

which suggests that the equilibrium disclosure level of the monopoly is higher than in
duopoly.

The monopoly sets its disclosure levels to maximize its profit (14). We obtain the
m
equilibrium disclosure levels dm
A and dB . The second-order conditions are satisfied.

To ensure that all consumers are served (i.e., Ui ≥ 0 and Ui,j ≥ 0, i =
6 j) and that
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there is multi-purchasing, for σ ∈ (0, 1], the following conditions should hold:
σv(1 + 2σv)
σv(1 + σv)
1
<t<
and 0 < v ≤
,
4
2
2σ
σv(1 + σv)
1
1
σ2v2 < t <
and
<v< ,
2
2σ
σ
σv
1
< t < σv and v ≥ .
2
σ

(15a)
(15b)
(15c)

The following lemma summarizes the analysis.
Lemma 5. In the monopoly equilibrium where multi-purchasing consumer information
is homogenous, consumers provide information
ym =

1
.
2
(1 + dm
i )

(i) Given conditions (15a-15b), monopoly prices and disclosure levels are
pm =

σvt
,
2(2t − (σv)2 )

dm = 1 −

(σv)2
.
t

(ii) If v ≥ 1/σ and σv/2 < t < σv, monopoly prices and disclosure levels are
pm =

σv
,
2

dm = 0.

As in Lemma 3, there are two types of equilibria. The monopoly firm engages in
disclosure (dm > 0) if consumer valuations are low (v < 1/σ). The lower consumer
valuations are the lower the prices (∂pm /∂v ≥ 0) but the higher the disclosure levels

(∂dm /∂v ≤ 0). We observe that there is no negative pricing. This stems from the assumption we have made above on how the monopoly exploits multi-purchasing consumer
information (where half of consumer information is sold at disclosure level dA while the
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other half is sold at disclosure level dB . 21
As there is more incentive to multi-purchase (higher σ), the monopoly increases prices
(∂pm /∂σ ≥ 0), but sets lower disclosure levels (∂dm /∂σ ≤ 0). As already explained, a

higher σ is associated with higher consumer valuations, which induces the firm to lower
the level of disclosure. The effect of a higher σ on profit is positive (∂Πm /∂σ ≥ 0). This

is because the issue of monetization of multi-purchaser information has been internalized
by the monopoly; a higher σ has therefore a positive effect on the firm’s profit, contrary
to the duopoly.
A higher level of differentiation (t) induces the monopoly to increase disclosure
levels and to decrease prices. This is due to the fact that as t increases, there are
fewer multi-purchasers, which implies that the firm is better able to exploit consumer
information.
If consumer valuations are sufficiently high (v ≥ 1/σ), the monopoly does not engage

in disclosure (dm = 0) and relies only on purchase revenues only (pm > 0). More
incentive to multi-purchase translates into higher prices and a higher profit.
We now compare the monopoly and the duopoly outcomes with the following
proposition:
Proposition 3. If multi-purchasing consumer information is homogenous (α = 0), a
merger to monopoly is data-driven and harms consumers.
Moving from duopoly to monopoly mitigates the issue of the monetization of multipurchaser information, since the monopoly firm internalizes this issue. In this respect, a
merger to monopoly is data-driven. The monopolist is able to monetize multi-purchasing
21

Another way to model the monopoly would be to assume that all multi-purchasing consumer
information is sold at a disclosure level di so that consumer information for users located between 0
and x0A are disclosed at a level dA , while users located between x0A and 1 are disclosed at a level dB .
A first issue is it gives complex formulas (in particular for dB ), which are hardly tractable. A second
issue is to check whether an equilibrium exists when dA = dB , while the incentives for the monopoly to
charge dA and dB are not the same.
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consumer information so that it can better rely on disclosure revenues. In this way, it
increases the level of disclosure (dc ≤ dm ) and strategically lowers the price (pc ≥ pm ).

A merger to monopoly therefore decreases prices and privacy levels. It harms

consumer welfare (CS d > CS m ), while it increases produces surplus (Πm > 2Πc ). The
effect on total welfare depends on the values of the parameters; the merger can be either
welfare-decreasing or increasing.
Note that the differences in price and disclosure are less significant as the level of
differentiation increases. Indeed, we have ∂dc /∂t > ∂dm /∂t and |∂pc /∂t| > |∂pm /∂t|.
Multi-purchasing consumer information is differentiated (α = 1)
We solve this case in similar way as in the duopoly; the only change is that there is
joint profit maximization for services A and B. Given that demands for services A
and B are independent in that they only depend on the own price and disclosure level
(i.e., Di = Di (pi , di )), we obtain the same results for prices and disclosure levels, as in
duopoly (Lemma 4).
We therefore state the following proposition.
Proposition 4. If multi-purchasing consumer information is differentiated (α = 1), a
merger to monopoly is welfare-neutral.
Moving from duopoly to monopoly neither modifies prices nor disclosure levels. In
the Hotelling specification of multi-purchasing, firms’ total demand is independent of
price and disclosure level of the rival, which implies that duopoly firms have monopoly
power on their total demand. 22 The monopoly, which is multi-product, does not change
this situation. On top of that, the incentives to set a given disclosure level are similar.
22

However, there is still strategic interaction between single and multi-purchasing demand. For
instance, if the rival firm (say, firm B) increases its price or its disclosure level, this increases (decreases)
the single-purchasing (multi-purchasing) demand of firm A; in other words, this affects firm A’s demand
composition.
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Duopoly firms are competitive bottlenecks on consumer information, and a merger to
monopoly does not modify this. For these reasons, a merger to monopoly has no effect
and is welfare-neutral. Apart from monopolizing the market, firms have no incentive to
merge.

6

Conclusion

In this paper, we examine the impact of competition between firms in prices and
information disclosure levels.
We find that firms adopt two types of business strategies characterized by a trade-off
between the exploitation of consumer information, the level of information provision,
and consumer valuations. When consumers have low valuations, we show that firms
engage in disclosure of consumer information (low-privacy regime): the lower consumer
valuations are, the more firms exploit consumer information, but the lower the level of
information provision. Firms can even resort to negative pricing if their valuations are
very low or if competition intensity is high in the market. Firms, which are competitive
bottlenecks on consumer information, charge the data broker the monopoly price, leaving
her with zero surplus. Second, if consumer have high valuations, we show that firms
do not engage in disclosure of consumer information (high-privacy regime) and charge
positive prices.
If consumers single-purchase, we find that a merger to monopoly increases market
power but is privacy-neutral. However, when we consider multi-purchasing, we find
that firms’ business strategies are altered and depend on their ability to monetize multipurchaser information. In particular, if multi-purchaser information is homogenous (i.e.,
firms compete for selling the same information to the data broker), firms are unable to
generate disclosure revenues from multi-purchasers. We show that in this case, a merger
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to monopoly improves the firms’ ability to monetize multi-purchaser information. The
merger decreases prices and privacy levels, and harms consumers.
In this analysis, we study the link between privacy, competition, and consumer
purchase behavior, that is, single and multi-purchasing. However, our analysis relies on
a reduced-form model, with a specific utility function. A direction for further research
would therefore be to generalize the model, for instance by generalizing the utility
function. Moreover, it would be interesting to examine our framework by allowing the
attributes of multi-purchaser information (α) to vary between 0 and 1 in order to give
more intuitions about the impact of multi-purchasing on firms’ business strategies.
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APPENDIX

Appendix
Framework of Casadesus-Masanell and Hervas-Drane (2015)
We solve their model in a horizontal differentiation framework.
The net utility of the consumer, located at x ∈ [0, 1], when purchasing service i, for

given price pi and information disclosure di ∈ [0, 1], is

Ui = vyi (1 − yi − di ) − pi − tx,
where v > 0 is the intrinsic benefit of the service, and transportation costs are equal to
tx for firm A and to t(1 − x) for firm B.

Duopoly
Stage 4. A consumer chooses the level of information provision to the firm she has
patronized, say firm i, by maximizing Ui with respect to yi , which gives
yic =

1 − di
.
2

Stage 3. The consumer who is indifferent between purchasing service A and service
B is given by
x∗ =


1 pA − pB
v 
−
+
(1 − dA )2 − (1 − dB )2 ,
2
2t
8t

where DA (pA , pB ) = x∗ and DB (pA , pB ) = 1 − x∗ .
Stage 2. The selling price of consumer information is the monopoly price, that is,
pbi = 1. Firm i chooses the price pi that maximizes its profit, given the rival’s price pj .
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It then solves
max Πi (pA , pB ),
pi

where Πi (pA , pB ) = (pi + di yic (di ))Di (pA , pB ).

Firm i’s equilibrium price is pci (dA , dB ) (the SOCs are satisfied: ∂ 2 Πi /∂p2i = −1/t < 0).
Stage 1. Firm i chooses the disclosure level di that maximizes its profit, given the

rival’s disclosure level dj . Plugging the equilibrium prices pcA (dA , dB ) and pcB (dA , dB )
into the profit function, firm i maximizes Πi (dA , dB ) with respect to di . We find that
the equilibrium disclosure level (such that the second order conditions are satisfied) are
symmetric and given by dci = (1 − v)/(2 − v).

To ensure that all consumers are served, i.e., Ui ≥ 0, the following conditions should

hold: (i) 0 < v < 1 and 0 < t ≤ 1/6(2 − v) or (ii) v ≥ 1 and 0 < t ≤ v/6.

Result 1. In the duopoly equilibrium, the market is covered and consumers provide
information
yc =

1
.
(1 + dc )2

(i) If 0 < v < 1 and 0 < t ≤ 1/6(2 − v), firms’ optimal prices and disclosure levels are
pc =

v−1
+ t,
2(v − 2)2

dc =

1−v
.
2−v

(ii) If v ≥ 1 and 0 < t ≤ v/6, firms’ optimal prices and disclosure levels are
pc = t,

dc = 0.

Monopoly
Stage 4. We obtain the same information provision function at Stage 4, as in the
duopoly.
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Stage 3. If the monopolist covers the market, the indifferent consumer is defined in
the same way as in the duopoly. If the monopoly does not cover the market, the monopoly
demand for service i is (i.e., the consumer who is indifferent between purchasing service
i and staying out of the market)
Diu (pi )

v(1 − di )2 pi
=
− .
4t
t

Stage 2. From the profit maximization of the covered monopoly, we get pm
i (dA , dB ).
For the uncovered monopoly, we obtain
pui (di ) =

(1 − di )(v(1 − di ) − 2di )
.
8

Stage 1. Solving for the equilibrium disclosure levels of the covered and uncovered
u
monopolies, we find that dm
i = di = (1 − v)/(2 − v).

To determine the range of values for which the monopolist covers the market, we
m < 0. The monopolist covers the market if (i) 0 < v < 1 and
solve ∂Πu /∂pi |{pi =pm
i ,di =di }

t < 1/4(2 − v), or if (ii) v ≥ 1 and t < v.

Result 2. The monopolist chooses to cover the market in equilibrium and consumers
buying service i provide information
ym =

1
(1 + dm )2

(i) If 0 < v < 1 and 0 < t < 1/4(2 − v), the monopoly prices and disclosure levels for
services A and B are

pm =

v
t
−
,
4(2 − v)2 2

dm =

1−v
.
2−v
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(ii) If v ≥ 1 and 0 < t < v, the monopoly prices and disclosure levels for services A
and B are

t
pm = v − ,
2

dm = 0.

170

General conclusion
This thesis aims at contributing to the analysis of firms’ strategies in network industries,
which are a critical driver of economic growth and characterized by a fast pace of
evolution. In what follows, I briefy summarize the main results of the three chapters
and suggest general directions for further research.
In the first chapter of the thesis, I examine firms’ incentives to merge in-market vs.
cross-border and the impact of merger policy.
I find that in a scenario where an exit-by-merger is impossible, a stricter (more
lenient) merger policy shifts firms’ decisions towards cross-border mergers (in-market
mergers). However, if it is possible to exit by merger, I show that the merger policy also
affects the incentives to merge cross-border, thereby modifying the trade-off between
merger types. The underlying idea of this analysis is that if the merger policy were
very strict and market-level synergies were low (i.e., the payoff from merging would
be low), firms would ultimately not merge at all. From a policy point of view, the
results suggest that the merger policy should consider subsequent mergers triggered by
an initial decision to merge, which here corresponds to the scenario of an exit-by-merger
after a failed cross-border merger. The results also suggest that, in general, the ease of
entry in a market (such as entry in a foreign market through a cross-border merger) can
be affected by the severity of merger policy, the reason being that it may increase the
barriers to exit.
171
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In the second chapter of the thesis, I investigate the impact of competition between a
private firm and public firms on prices and investment in new infrastructures. I consider
two scenarios of public intervention: with a national public firm and with local public
firms.
In a monopoly benchmark, I show that the private firm charges the monopoly price
and covers up to an area where the monopoly profit is equal to the marginal cost of
investment. The national public firm, which never charges more than the monopoly
price, sets a price such that it cross-subsidizes between low-cost and high-cost areas,
which allows it to cover a larger share of the country than the private firm. Local public
firms, which charge prices contingent on the investment cost in their own area, charge
no more than the monopoly price and cover the same areas as the private firm.
When the national public firm has invested more than the private firm, I find that
prices are strategic complements for the private firm and are strategic substitutes for the
national public firm. A larger overlap between the private firm’s and the public firm’s
networks drives firms’ prices up. In the equilibrium of the coverage-price game, total
coverage by the national public firm is lower than in the benchmark. Competition leads
the private firm to set lower prices than in the benchmark, while the public firm may
charge higher prices than in the benchmark; this can be explained by the competition
from the private firm, which makes it harder to sustain low prices.
When the local public firms have invested more than the private firm, I find that a
larger overlap between the private firm’s network and the local public firms’ networks
leads to a higher price by the private firm and lower prices by the local public firms.
In the equilibrium of the coverage-price game, total coverage is the same than in the
benchmark. The private firm sets a lower price than in the benchmark, while the local
public firms set higher prices.
In the third chapter of the thesis, I examine the impact of competition between firms
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in prices and information disclosure levels.
I show that firms adopt two types of business strategies, characterized by a trade-off
between the exploitation of consumer information, the level of information provision,
and consumer valuations. If consumer valuations are sufficiently low, firms engage in
disclosure of consumer information (low-privacy regime): the lower consumer valuations
are, the more firms exploit consumer information, but the lower the level of information
provision. Firms even set negative prices consumers if their valuations are very low or if
competition intensity is high in the market. Firms represent competitive bottlenecks
on consumer information, and leave the data broker with zero surplus. On the other
hand, if consumer valuations are sufficiently high, firms do not engage in disclosure of
consumer information (high-privacy regime) and always charge positive prices.
If consumers can only single-purchase, a merger to monopoly increases market
power but is privacy-neutral. When I consider multi-purchasing, I show that firms’
business strategies are altered and depend on their ability to monetize multi-purchaser
information. If they are unable to generate revenues from the information provided by
multi-purchasers, firms charge higher prices and set lower disclosure levels compared
to the case where they can monetize this information. The surplus of the data broker
increases as there are more multi-purchasers. I find that a merger to monopoly improves
the firms’ ability to monetize multi-purchaser information. The merger decreases prices
and privacy levels, and harms consumers.

Over the last decades, network industries have constantly and rapidly evolved.
This evolution has been possible thanks to adapted regulatory and competition policy
frameworks. A crucial determinant of future evolutions in network industries is digital
transformation. This is a hot topic for public authorities as new digital technologies (for
instance, the fifth generation mobile network, 5G) are expected to profoundly modify
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market structures and firms’ business strategies. One can expect that regulators and
competition authorities will face new challenges.
Further research is needed to understand the functioning of new markets arising
subsequently to the introduction of a new digital technology, such as 5G. Questions
may arise around the necessity of public intervention but also on the impact of firms’
strategies on consumer welfare. In this respect, one can reasonably think that the
research questions examined in this thesis will still be relevant.

Titre : Essais en Economie Industrielle: Compétition et Régulation des Industries de Réseaux
Mots clés : fusions, investissements, numérique, concurrence, industries de réseaux.
Résumé : Dans le premier chapitre de la thèse, je
m’intéresse à l’impact de la politique fusions sur le
choix de fusion d’une firme qui peut une fusion nationale vs. internationale. Un enseignement du premier chapitre est que la politique des fusions doit
prendre en compte les fusions futures qui peuvent
être engendrées par une fusion initiale. Par exemple,
le scénario d’une sortie du marché étranger par fusion
suite à une fusion internationale non-profitable.
Dans le deuxième chapitre la thèse, j’examine l’impact de la compétition entre une firme privée et des
firmes publiques sur les prix et l’investissement dans
de nouvelles infrastructures. Du fait de fonctions objectifs différentes, la firme privée en monopole choisira le prix de monopole alors que la firme publique
nationale choisit un prix permettant des subventions
croisées entre zones à bas coûts et zones à coûts
élevés. Le prix d’une firme publique locale dépend
de la zone où elle est située. En monopole, la firme
publique nationale a le niveau de couverture le plus
élevé, alors que le niveau de couverture de la firme
privée et des firmes publiques locales est identique.
En duopole, les prix sont compléments stratégiques
pour la firme privée et substituts stratégiques pour
les firmes publiques. La compétition amène la firme

privée à baisser ses prix, contrairement aux firmes
publiques qui peuvent être amenées à les augmenter.
Dans le troisième chapitre de la thèse, j’étudie l’impact de la compétition entre deux firmes en prix et
en divulgation de données personnelles. Dans un
marché biface, il y a les consommateurs d’un côté, et
un courtier en données de l’autre. Je démontre que
les firmes adoptent deux types de stratégies commerciales qui sont la résultante d’un arbitrage entre
l’exploitation des données personnelles et le niveau
données personnelles apportées par les consommateurs. Si les consommateurs ont une disposition à
payer faible, les firmes emploient une stratégie impliquant des prix bas (voir négatifs) et un niveau de
divulgation de données élevé. Si les consommateurs
ont une disposition à payer élevée, les firmes emploient une stratégie impliquant des prix élevés et
un niveau de divulgation de données nul. En singlehoming, une fusion augmente le pouvoir de marché
et n’a pas d’impact sur le niveau de divulgation de
données. Avec le multi-homing, une fusion a pour impact de diminuer les prix et d’augmenter le niveau de
divulgation de données si les firmes ne peuvent pas
monétiser les données des multi-homers.
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Abstract : In the first chapter of the thesis, I study how
merger policy affects the choice between in-market
and cross-border merging. An insight of the first chapter is that the merger policy should consider subsequent mergers triggered by an initial decision to
merge, which here corresponds to the scenario of an
exit-by-merger after a failed cross-border merger.
In the second chapter of the thesis, I examine the impact of competition between a private firm and public
firms on prices and investment in new infrastructures.
An insight from this analysis is that due to distinct objective functions, the private firm charges the monopoly price when it is a monopoly, while the national public firm charges a price such that it cross-subsidizes
between low-cost and high-cost areas. Local public
firms charge prices contingent on the investment cost
in their own area. In monopoly, the national public has
the largest coverage, whereas the local public firms
cover the same areas as the private firm. In mixed
duopoly, prices are strategic complements for the private firm and are strategic substitutes for public firms.
Competition leads the private firm to set lower prices,
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while public firms may charge higher prices.
In the third chapter of the thesis, I investigate the
impact of competition between two firms in prices
and information disclosure levels. In a two-sided market, there are consumers on one side, and a monopoly data broker on the other side. An insight from
this analysis is that firms adopt two types of business strategies due to a trade-off between the exploitation of consumer information, the level of information provision, and consumer valuations. If consumer
valuations are sufficiently low, firms engage in disclosure of consumer information (low-privacy regime)
and charge low (even negative) prices. In contrast, if
consumer valuations are sufficiently high, firms do not
engage in disclosure of consumer information (highprivacy regime) and always charge positive prices. If
consumers single-purchase, a merger to monopoly
increases market power but is privacy-neutral. With
multi-purchasing, a merger to monopoly decreases
prices and privacy levels if firms are unable to monetize multi-purchaser information.

