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Abstract

This paper studies the incentives to engage in exclusionary pricing in the context of two-sided markets.
Platforms are horizontally differentiated, and seek to attract users of two groups who single-home and
enjoy indirect network externalities from the size of the opposite user group active on the same platform.
The entrant incurs a fixed cost of entry, and the incumbent can commit to its prices before the entry
decision is taken. The incumbent has thus the option to either accommodate entry, or to exclude entry
and enjoy monopolistic profits, albeit under the constraint that its price must be low enough to not leave
any room for an entrant to cover its fixed cost of entry. We find that, in the spirit of the literature
on limit pricing, under certain circumstances even platforms find it profitable to exclude entrants if the
fixed entry cost lies above a certain threshold. By studying the properties of the threshold, we show
that the stronger the network externality, the lower the thresholds for which incumbent platforms find
it profitable to exclude. We also find that entry deterrence is more likely to harm consumers the weaker
are network externalities, and the more differentiated are the two platforms.
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1. INTRODUCTION

Two-sided markets are an area of considerable research in the field of Industrial Organisation. Based on the
initial work of Caillaud and Jullien (2003), Rochet and Tirole (2003) and Armstrong (2005), the literature
has studied, among other problems, the role of the price structure in solving coordination problems. Caillaud
and Jullien (2003) and Armstrong (2006) show that platforms may set “negative prices” on one side in order
to enhance participation. This paper builds on this work on two-sided markets, merging it in particular with
the literature dealing with exclusionary pricing.

Two-sided platforms generally refer to situations where (at least) two distinct user groups (i.e. two
demands) interact with each other through a common platform and the participation of at least one of
these groups affects the value of participation for the other group(s). Following Evans (2003), “a platform
constitutes the set of the institutional arrangements necessary to realize a transaction between two users
groups”.

Two-sided platforms are very common and are present in many markets including: stock exchanges,
internet portals, payment card systems, newspapers, television broadcasters, directories, smartphones, mobile
and fixed telecommunication networks and estate agents. These examples cover very diverse industries
affecting many different aspects of consumers’ lives. It is therefore essential to have a thorough understanding
of these platforms not only from an academic perspective but also from a more practical perspective, for
instance in order to properly enforce antitrust scrutiny.

Often, in the scientific domain as well as in the public debate, it is advocated that multi-sided platforms
deserve a special (typically, more relaxed) scrutiny by antitrust authorities (see Evans and Schmalensee
(2007)). The aim of this paper is to examine whether the presence of (indirect) network externalities makes
platforms indeed less prone to exclusionary conduct, as is often maintained, or whether instead the opposite
is the case.

We answer this question in a setting where we apply the concept of entry deterrence in a sequential move
game & la Dixit (1980) to a canonical two-sided market that we borrow from Armstrong (2006). Users (final
consumers) on one side derive a positive externality from participation on the other side. We study both the
monopoly and the duopoly equilibria of this model, where duopoly arises as the result of an entry game in
which an incumbent platform can set its prices to the two user groups (and commit to these prices) before a
potential entrant gets to make its entry and pricing decisions. Thus the incumbent has the ability to deter
entry in our setting, and possibly also the incentives if it is profitable to do so. We study when this indeed
arises, and its welfare properties.

The debate on platforms and the role of competition policy is very much at the forefront of the current
policy discussion. There is a widespread climate of reflection around the world, as evidenced by many
reports and hearings, notably the FTC hearings in the US, the European Commission special advisors
report (European Union, 2019), the French and German reports (AC-BKartA, 2016), the Furman report
(HM Treasury, 2019) and the House of Lords report (House of Lords, 2016) in the UK, the JETC report on
data in Japan (JFTC, 2017), and the recent final report from the Australian Competition Authority (ACCC,
2019). All these reports and hearings explore how competition authorities should meet the challenges arising
from analysing competition between platforms and show a high degree of convergence when it comes to
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competition authorities should define relevant markets with multi-sided platforms, (ii) understanding the
role of data, (iii) the need to scrutinise acquisitions of innovative start-ups by the digital incumbents, (iv)
analysing the source of platforms’ market power, and (v) last but not least (and crucially for our paper) how
platforms compete in markets where network externalities and returns to scale are strong, especially in the
absence of multi-homing, or protocol and data interoperability. Eventually they all seem to advocate for a
closer and more thorough scrutiny of platforms recognising their ability and incentive to hamper competition.

This paper is very much inspired by the current debate, and its aim is to provide some guidance to
competition authorities on the likelihood of anticompetitive foreclosure in a context where indirect network
externalities are strong and the platforms are differentiated. The paper reaches the conclusion that under
certain circumstances the presence of network externalities does not make platforms less prone to embracing
exclusionary conduct.! The paper also provides two extensions that preliminarily study, on the one hand,
the restriction on the platforms to set non-negative prices and, on the other hand, the introduction of the
option for customer to multi-home on one side of the platform, i.e. so called competitive bottlenecks.

The remainder of the paper is structured as follows. Section 2 reviews the relevant literature. Section 3
builds the benchmark model. Section 4 characterises the equilibria. Section 5 studies the welfare implications.

Section 6 presents a discussion on non-negative prices, and on competitive bottlenecks. Section 7 concludes.

2. LITERATURE REVIEW

A natural approach when starting to model exclusionary pricing in a multi-sided framework is to turn to
the literature on exclusionary pricing in standard one-sided markets, to see how they can be adapted to fit
the two-sided framework, and to what extent the results obtained for one-sided markets carry over to the
multi-sided framework. There are many different avenues that one could take, and this article focuses on
one specific but standard setting.

This paper is based on the strand of literature regarding exclusionary strategies which are not driven by
asymmetric information, and which, among other papers, are also associated with the work of Dixit (1980).
Dixit (1980) belongs to an earlier literature on entry deterrence through limit pricing, where an incumbent
can discourage entry by setting a price just low enough (or producing an output just high enough) to render
prospective entry unprofitable. The limit pricing literature relies on the presence of scale economies to
achieve foreclosure. In this field of the literature, the incumbent has a first-mover advantage in making its
price (or output) choices in a way that leaves no room for entrants to establish their business alongside the
incumbent in the market.

Our paper is cast in terms of price competition, and incorporates the concept of limit pricing into the
framework of duopolistic platform competition as developed by Armstrong (2006). It is also remotely related
to the “divide-and-conquer” stream of literature (see for instance Segal (2000)), whereby one group of buyers
is locked in by the incumbent with very favorable offers, so as to prevent a potential entrant from reaching
critical scale, thus allowing the incumbent to then monopolise the rest of the market.

A key assumption of this paper is thus that all relevant parameters and actions are fully observable to all

ISuch potential for exclusionary conduct in two-sided markets was also found in the context of anticompetitive tying by
Choi and Jeon (2020).



players, notably to consumers and to the entrant. Thus, our paper does not speak to the rich literature on
exclusionary conduct which builds on asymmetric information between incumbent and entrant, and explains
the rationality of predation through signalling or reputation building on the side of the better informed
incumbent. These models tend to focus on the informational asymmetry among the two suppliers, while
treating the competitive interaction in a rather reduced-form way. This is why these models do not lend
themselves easily to an adaptation to a two-sided context, where the exact nature of competition on either
side of the market is arguably an important feature if one wants to gain further insight beyond what is known
about one-sided markets.

The first contribution of our paper is thus to relate the incentives of a two-sided platform to engage in
limit pricing to the features of the market, notably the intensity of network externalities and the level of
differentiation across platforms. The second contribution lies in its analysis of consumer welfare. Previous
models of exclusionary conduct in network industries struggled to find instances where exclusion, beyond
being individually rational for the incumbent firm engaging in such conduct, would also be harmful to
consumers.

In the model studied by Vasconcelos (2015), the incumbency advantage consists in having locked-in an
installed base. While the incumbent is less efficient at providing the network good (it has a higher marginal
cost of serving both the ’old’ and the 'mnew’ consumers), it generates larger network externalities for all
consumers because of the presence of the installed base. The arrival of a second platform in the market leads
to a fragmentation of the customer base, which severely reduces the consumption benefits provided by either
of the two platforms.

In our model, the introduction of a second platform into the market involves a similar trade-off between
the benefits of reducing transportation costs (which is akin to the difference in marginal costs of production
in Vasconcelos (2015)) and the welfare losses from the reduction in network externalities when the consumer
base is split into two smaller consumer groups.

The main differences between our model and that of Vasconcelos (2015) are that (i) in our model, price
setting is sequential (the incumbency advantage being that the incumbent can set its prices first, and commit
to them), and (ii) there is a fixed cost of entry to be paid by the entrant (which further reduces the welfare
gains from entry). By contrast, in Vasconcelos (2015), the two platforms set their prices simultaneously
(competing only over the 'new’ consumers, not the entire consumer base, as in our model), and the entrant
does not face any entry costs. The features of our model allow us to distinguish between an accommodating
strategy and an exclusionary strategy for the incumbent, which cannot arise in the model of Vasconcelos
(2015).

When it comes to policy considerations, we find that there is a non-empty space where exclusion arises
but reduces consumer surplus - which is the standard metric adopted by enforcers in antitrust - compared
to the duopoly equilibrium. This is in contrast to Vasconcelos (2015). To see why this can happen in our
model, consider a situation where, at the accommodating equilibrium, the entrant (who always charges a
lower price than the incumbent in the duopoly equilibrium) just barely breaks even. In this situation, the
incumbent will need to lower its prices just by an epsilon to achieve exclusion. To fix ideas, also suppose
that network externalities are close to zero, so that the extra benefit from avoiding fragmentation of the

consumer base is almost zero as well. Then, the surplus of those consumers who always engage with the



incumbent platform (even under duopoly) will be almost unchanged by exclusion. However, those consumers
who engage with the entrant platform when available will certainly be worse off under exclusion, because
they have to pay the (higher) prices of the incumbent platform, and incur the additional transportation
costs, without experiencing any (appreciable) increase in network benefits.

Our paper also speaks to the recent literature on the determinants of platform market structure. Karle et
al. (2020) study platforms providing intermediation services, i.e. enabling transactions between buyers and
sellers. They find that when sellers compete intensely among each other, this tends to give rise to multiple
platforms relaxing competition among the sellers, while industries with soft product market competition
tend to display platform agglomeration where all users locate on a single platform.

Markovich and Yehezkel (2019) analyse a setup where two platforms compete for a user population
composed of many small users and one compact user group. One of the two platforms offers higher quality
than the other, but needs to attract a minimum number of users to be viable. Because of miscoordination
among the buyers, the industry may be stuck in an ineflicient equilibrium where all users locate on the
low-quality platform. The paper studies under what conditions the presence of the user group can take the
industry to the efficient equilibrium, and how the benefits are distributed among the different user types and
the winning platform.

One of the main ingredients of our analysis is the canonical model of Armstrong (2006), where both sides
can decide which platform to patronise, but, once this decision is made, each side “single-homes”. This
modelling choice is dictated by several factors.

First, we think it is natural to start from a seminal model that has made considerable inroads in the
literature. Second, it does actually apply in real-life circumstances. Belleflamme and Peitz (2015, page
667) discuss at some length single-homing environments in the real world. These can be motivated by
indivisibilities (including time and attention) and limited resources. Cases with single homing on both sides
of a two-sided platform apply to marketplaces where buyers and sellers can physically locate in only one of
them. Obvious examples could be some physical markets but instances extend beyond these. According to
Clements and Ohashi (2005), only 17% of video-game publishers in their sample were available on multiple
platforms, at least for early generations of game platforms. Kaiser and Wright (2006) similarly report
single-homing both for readers and advertisers for specialised magazines.

Third, it is often challenging to reach a definitive conclusion on the extent of single-homing versus multi-
homing in a given market, which speaks in favour of analysing the two options. For instance, the CMA in
his market study on Digital Comparison Tools? faced significant difficulty in properly estimating the extent
of single-homing versus multi-homing and concluded that there was mixed evidence.

Fourth, and importantly for the policy angle that ultimately motivates our approach, single-homing is
often the result of contractual restrictions. Belleflamme and Peitz (2015) mention German taxi companies
that sign exclusive contracts with call centers. Shopping malls regularly impose the so-called ‘radius clause’,
whereby they prevent retail chains from opening another outlet in an adjacent competing shopping mall. Ride

hailing companies Uber and Lyft have designed their application to make it difficult for drivers to multihome.

28ee Digital comparison tools market study, Final report, Paper E: Competitive landscape and effectiveness of competition,
https://assets.publishing.service.gov.uk/media/59e093f5e5274allaclc4970/paper-e-competitive-landscape.pdf. It is also worth
noting that when discussing the empirical evidence, the CMA also pointed to the fact that apps and voice devices might play

a role in the future in increasing the extent of single-homing.



Many media markets also have the feature that content is exclusive. Such contractual restrictions may be
anti-competitive practices enacted by some dominant companies.
Entry deterrence and exclusionary practices that limit multi-homing should then be seen in the same

3 was about online search advertising intermediation

context. For instance, the EC Google AdSense case
(between advertisers and website owners, including newspapers), a key entry point for search ads. According
to the European Commission, Google imposed clauses (such as exclusivity prohibiting placing search ads
from competitors on their search results page, then replaced by premium placement clauses, in practice
preventing competitors from placing their ads on the most visible parts of the website’s search results pages)
that made it difficult, if not impossible, for websites to use or even begin testing with other search providers —
in practice there was no significant multi-homing among websites, the side of the market that would generally
be expected to do so. At national level, the Swedish competition authority has also very recently issued
an interim decision against a platform fitness aggregator (matching consumers and training facility owners)
for imposing exclusivity agreements on the training facility owners.* Also in the US, the FTC sued in
2019 the health information company Surescripts® for monopolising two ‘e-prescribing’ markets, i.e. routing
and eligibility services. By means of illegal vertical and horizontal restraints, Surescripts set out to keep
e-prescription routing and eligibility customers on both sides of each market from using additional platforms
(i.e. preventing customers to multi-homing) using anticompetitive exclusivity agreements, threats, and other
exclusionary tactics.

Notwithstanding these remarks, we think our analysis and findings should be extended in other directions
too, especially when one is seeking to derive broader policy implications. In particular, we believe it is
important to analyse exclusionary behavior in a context of “competitive bottlenecks”, where one side single-
homes and the other side multi-homes. A preliminary discussion in that direction is done in Section 6.2

below.

3. THE BENCHMARK MODEL

We start by recalling the basic features of the canonical model developed in Armstrong (2006). Let there
be two groups of agents, 1 and 2, each of mass 1, and two platforms, A and B, on which the two groups
can interact. An agent in one group cares about the number of the other group who use the same platform,
i.e. network externalities are of the indirect type in our model. If both platforms are active on the market,
agents are assumed to single-home, i.e. they can join either of the two platforms, but not both.

When joining platform i = A, B, agents of group 1 and 2 obtain net utilities u} and u%, respectively.
These net utilities are assumed to depend (i) on the number of agents of the opposite group present on the
same platform, (ii) on the fixed benefit the agent obtains from using that platform, and (iii) on the uniform
membership fee charged by platform i to that agent. Denote by n¢ and n} the number of agents of group 1

and 2, respectively, who joined platform i. Net utilities {ull, ué} are expressed as follows:

ul = and +v —t.D(i,z) — pb and ub = agni + v — toD (i, ) — pb. (1)

3Case AT.40411, Decision of 20 March 2019 fining Google EUR 1.49 billion for infringing Art. 102 TFEU. The decision is

currently under appeal at the EU General Court.
4See http://www.konkurrensverket.se/globalassets/konkurrens/beslut/19-0572.pdf
>Complaint of 24 April 2019, see https://www.ftc.gov/enforcement/cases-proceedings/141-0210/surescripts-llc



The parameter a; > 0 measures the benefit that a group-1 agent enjoys from interacting with each
group-2 agent, and similarly for cs > 0. We thus follow Armstrong (2006) in assuming that the intensity
of cross-group externalities, {1, as}, does not depend on the identity of the platform 4, but only on which
side of the market the agent is on (1 or 2).

The term v is a fixed benefit from using a platform which is independent of agent group, group size,
and platform identity. The individual transportation cost incurred by an agent from group 1(2) in reaching
supplier i = A, B is denoted by t1(2)D (4,x), and corresponds to the standard product differentiation term
in the Hotelling model. Agents in a group are assumed to be uniformly distributed over the unit interval,
with the two platforms located at the two endpoints. The transportation cost for a consumer from group
1(2) located in = € [0, 1] is then obtained as the product of ¢1(¢2) > 0 and the distance of the consumer from
platform 4, which is given by D (A,z) = z and D (B, z) = 1 — x, respectively. This specification allows us to
study situations where agents in one group consider the two platforms as highly substitutable, while agents
on the other side consider them as very differentiated, independently of how strong the network externalities
are across the two groups.

Finally, the term p¢ (p}) denotes the flat membership fee (in the following simply called “price”) charged
uniformly to all agents of group 1 (group 2) by platform ¢ = A, B. Agents are thus charged a flat price
for joining the platform (like a subscription fee), not a per-transaction fee, so that the agent’s payment is
independent of the number of agents (and hence transactions) on the other side of the platform. In practice,
this price structure can often be found in media and telecoms outlets, but does not apply, for instance, to
the credit card industry.

We will follow Armstrong (2006) in assuming that network effects are not too strong, in order to avoid
equilibria where a single platform attracts all users and concentrate instead on those cases where competition

happens. The necessary and sufficient condition for a market-sharing equilibrium to exist is:

4ttty > (Oé1 + Oéz)Z . (2)

3.1. Monopoly Pricing

We first solve for a monopolist’s optimal pricing, assuming that each platform faces the same constant per-
agent cost fi for serving group 1 and f for serving group 2. Given that the incumbent platform A is located
at endpoint 0, the solution to the monopolist’s problems is either an interior solution or a corner solution.
For analytical convenience, we concentrate on the corner solution such that the monopolist optimally serves
the entire market, i.e. n{' = ns' = 1. In this case, the platform will extract the full consumer surplus from
each of the two agents located at endpoint 1 (the consumers with the highest transportation cost on the unit
line), which determines the price charged to all other consumers of the same group.

In the Appendix, we characterise both the monopoly corner solution and the interior solution where the
monopolist serves only part of the market. Intuitively, we rule out this possibility with a condition such
that the stand-alone value v from joining the platform is “high enough” (see the Appendix for details). This
implies that each agent’s participation constraint will always be satisfied under all possible monopoly and

duopoly prices, i.e. no agent will prefer to stay out of the market rather than joining her preferred platform.

6These assumptions thus depart from the setup in Rochet and Tirole (2003), where the intensity of cross group-externalities

varies with the agent’s identity and with the platform they join.



In our model we will always have full market coverage for both groups, so that all agents of a group join
exactly one platform: n# +n? = 1.

Our model thus represents a mature network market where a given platform can only grow at the expense
of its rival, but not through market expansion into areas on the unit line not yet covered by any supplier.
This means that entry, where it occurs, will have a tangible impact on the incumbent’s market share and
profits, which in turn is a necessary condition for entry deterring conduct to be rational in the first place.

When and how such entry deterrence will arise is then the focus of our equilibrium analysis.

3.2. Duopoly Pricing

We start by characterising demand as a function of the prices charged by the different firms in the market.
An agent of group 1 residing at location z; € [0,1] on the unit line weakly prefers Platform A over B if

ui' > uP, where uf' and u? are presented in eq. (1). The indifferent consumer is thus located at #; at which

uft = uP, which can be rewritten as:

1 an(ng —nf) - (pi' —pP)
=gt 2, '

All consumers of group 1 to the left of 1 strictly prefer to join Platform A, while all consumers to the right
of & strictly prefer Platform B. The number of group 1 agents attracted to Platform A is thus n{ = &,
while the number of group 1 agents joining Platform B is n = 1 — #;. The share of group 2 agents who
join Platform A, %5, can be found analogously to Z.

We see that the market shares that arise on one side of the market, say group 1, depend on the market
shares the two platforms hold in group 2, and vice versa. Using the full market coverage assumption,

n} =1 —mnJ, we can rewrite the market shares for the two groups of agents as follows:

a1 (2nh — 1) - (i~ p])

i 1
no= 3 + 2% and (3)
i 1 a2 (2ni = 1) = (v~ ph) A
o= gt 2, ‘ @

Inspecting these two expressions, we see that platform differentiation mitigates the network externalities
exerted between the two groups: ceteris paribus, an additional agent of group 2 on platform ¢ will attract
another «;/t; agents from group 1 to the same platform.

Denote the price vector by p = (pﬁ, p{, ph, pé) We can then express the demand system as functions of

the price vector by solving the simultaneous equations of (3) and (4) to obtain:

1 1™ (pé *pé) +i (p{ *pi)

i I d 5
nf (p) 513 P —— an (5)

; 1 192 (pjl —pli) + 11 (p% —Pé) 6
ny (p) = 5'1‘5 t1ts — poes . (6)

Platform 4’s profits in the single-homing duopoly as a function of the price vector are thus given by:

7 (p) = (P} — f1) ni (P) + (ph — f2) nb (). (7)



Armstrong (2006) shows in his Proposition 2 that, if the two platforms choose prices simultaneously, and
Condition (2) holds, this model has a unique equilibrium that is symmetric, and equilibrium prices for group

1 and group 2 are given, respectively, by
p1=fi+t1—azand p2 = fo + 12 —aq. (8)

The resulting equilibrium (gross) profits under duopoly can therefore be characterised as:

™ (p) = (P - fi)ni(P)+ (ph— f2) b (P)
= St (o +am).

where n{ (p) = nj (p) = § for i = A, B follows from the symmetry of the equilibrium.

We depart from Armstrong (2006) in considering a sequential move game instead of a simultaneous move
game. This is because our main focus below in Section 4 is on exclusionary strategies based on a standard
model of limit pricing, where the incumbent moves first, followed by an entrant. We thus think it is more
appropriate to keep the timing unchanged when comparing equilibria with and without exclusion.

In particular, we assume that the incumbent platform, say Platform A, sets its prices (p’f‘,p’gl) before
the entrant platform, here Platform B, can do so, and that Platform A cannot modify its prices later upon
observing B’s prices (p’lg ,p¥ ) For instance, such commitment to particular prices will arise in practice
whenever the incumbent engages in legally binding long-term contracts with the users of its platform, where
the contract term covers the time window of entry, and the price stipulated in these contracts cannot be
unilaterally raised by the incumbent.” More generally, there can also be other reasons why platforms can
commit to prices like reputational reasons or menu costs.

We provide the closed-form solution to the sequential price-setting game in the Appendix. As becomes
apparent from inspecting the expressions of this solution, the fixed per-agent costs f; do not play a relevant
role. From now onwards, we therefore set them to zero without loss of generality, and prices can be interpreted

as margins above such costs.

4. EXCLUSIONARY PRICING

In what follows, we will apply the concept of “limit pricing”, sometimes referred to as the BSM (or Bain—
Sylos Labini-Modigliani) model,® to study the incentives of an incumbent platform to deter entry by a second
platform in the setup of Armstrong (2006).

The starting point of the BSM model is that an entrant’s decision to enter an industry depends on the
entrant’s expectations about the profits it will make post-entry: If these expected profits are not sufficient
to cover the entry costs, the entrant prefers to stay out of the industry. The incumbent may then take some
actions prior to entry which will reduce the entrant’s profits below the break-even, thus discouraging the

entrant from entering the industry. Such pre-entry actions may consist in either reducing price below the

If instead the model is cast in terms of quantity competition, then the incumbent may be able to make pre-entry investment
in capacity levels which lower the incumbent’s marginal cost of production in the post-entry period accordingly, so that an

aggressive output reaction to the entrant’s entry becomes credible (see Dixit, 1980).
8See Bain (1956), Sylos Labini (1962), and Modigliani (1958).



monopoly level (the latter is referred to as “limit pricing”) or expanding output (or capacity) above the
monopoly level, such that an entrant, even when behaving optimally given this limit price (or limit output),
cannot recover its fixed cost of entry.

For such a strategy of entry deterrence to be adopted by a rational incumbent, two conditions must
hold: (1) the incumbent’s actions must have commitment value, meaning that the incumbent cannot revise
its price (or quantity) level later on if entry should occur nonetheless; otherwise, such actions would not
have any deterrence effect, because the entrant anticipates that it would be in the incumbent’s interest to
accommodate entry (i.e. lower the output, or raise the price) once entry occurs; (2) the profits earned by
the incumbent under limit pricing must exceed the profits it could earn under entry accommodation. The
latter correspond to the profits derived for the sequential duopoly equilibrium derived above (for the full
expression, see eq. (31) in the Appendix).

For the remainder of this analysis, we will take for granted that the incumbent can precommit to a price,
and will focus on the question under which circumstances it will be profitable for the incumbent to commit
to a price that differs from its accommodating price. To do so, we will first characterise the incumbent’s
profits when setting the limit price, and then compare these profits to the profits when the entrant is instead
accommodated.

The game unfolds in the following three stages:

Stage 1: The incumbent platform A sets prices to the two groups of agents: p{ and p3';

Stage 2: The entrant decides whether to enter or to stay out; if entry occurs, entrant platform B incurs

an entry cost of K and sets prices to the two groups of agents: pP and pF. We assume that entry is viable if
B B

acc? acc

the entrant is accommodated by the incumbent. E.g., it is K <7 where the expression for 7
by (32) in the Appendix.

Stage 3: Agents observe all available platforms and prices and choose which platform to join.

is given

We will solve this game by backward induction.

Stage 3. Suppose that Platform B entered in stage 2, so that users can choose between the two platforms.
Then, utility maximisation by the agents of both groups gives rise to the demand system as given in eq.s
(5) and (6) above. If instead only Platform A is available, we will maintain the assumption of full market
coverage, so that all users will turn to Platform A (recall that each group has mass 1), so that Platform A’s
profits are given by

Thp = Pi + D3
(where the subscript ED stands for “entry deterrence”).

Stage 2. If Platform B enters, then it takes Platform A’s prices as given (recall that we assumed that
the latter cannot be revised after Stage 1), and chooses its own prices optimally by solving the following
problem:

max 7" (p) = p'n{ (p) +pyny (p) — K. (9)

pP.p¥
Platform B enters if it can at least cover the fixed cost of entry, K. Otherwise, B stays out of the market.
Stage 1. At stage 1, Platform A has to decide whether to accommodate Platform B or to deter B’s

entry.



4.1. A Special Case: Symmetry

To set the scene, we start with a simplified version of our model, in which we assume the following symmetric
parameters:

ty =ty =1,and a; = as = a.

Under this parametrisation, the expressions for the corner solution of the monopoly problem can be
written as:

p{vI:péVI:a'i_v_l’ n{vI:né\/lzlﬁ (10)

while the equilibrium prices and outputs in the duopoly equilibrium simplify to:

3 3

p% = pél:i(l*a)7 nlL:nQL:§, (11)
5 5

Pf = szz(l—a)a nf:ngzg. (12)

This equilibrium is guaranteed to exist if condition (2) is met, which under the present parametrisation
simplifies to a € [0, 1).

The resulting equilibrium profits (gross of any fixed costs of entry) are thus given by:

Monopoly profits : 77 =2(a+v—1),
9
Duopoly leader profits: A = 3 (1-a), (13)
25
Duopoly follower gross profits: 8. = 16 (I1—a). (14)

We see that at the duopoly equilibrium, more intense network externalities (i.e. higher values of a)
intensify competition between the two platforms, and lead to lower prices and profits in equilibrium. This
feature of the duopoly equilibrium will be important to understand how the presence of network externalities

affects the incumbent platform’s incentives to engage in entry deterrence.

Note that in a sequential price setting game, being the second mover actually confers an advantage over
the first mover: The leader commits itself to a given price, and cannot adjust this price in reaction to the
follower’s price. If the goods are (almost) perfect substitutes, then the follower will simply undercut the
leader and take the whole market. This intuition carries over to the case where the goods are differentiated
(as in the Hotelling specification studied here): The follower undercuts the leader, thus securing a larger
market share, and a higher profit, compared to the first mover. This feature of our model is interesting when
we consider exclusionary pricing, as our setting is one which is inherently favorable to entry.’

Turning to exclusionary pricing, the entrant platform’s best-response prices solving problem (9) in stage

3 are found as:

p? (pi,p3)

o8 (ptp3) =

(1_a+p114)7

N = N =

(1—a—|—p§l).

91f the choice variable is output instead of price, the familiar first-mover-advantage of the Stackelberg leader is again present:
By committing to a large output before the follower can choose its own output level, the leader can flood the market with its

own supply, thus reducing the follower’s market share and profits.
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Inserting these prices into Platform B’s profit function, net of entry costs, we obtain:

™ (i pd) = P (p1,08) nf () + 0% (pi',p3) s (p) — K

1 1 1 2 1 2
4((1—a)+pfl+p§)+w(2 (pf) +§(P§4) +apflp§1>—K-

To successfully deter entry, the incumbent platform has to push the entrant’s profits below the break-even
level. In other words, Platform A will set its prices (p‘l“,p‘z“) such that 7% (p’f‘,p‘g“) = 0. In the standard
one-sided setup, where the incumbent only has one price to set, the zero-profit condition for the entrant pins
down the unique limit price as the upper bound on all incumbent prices which achieve entry deterrence.

In our model of two-sided markets, the incumbent has two price instruments to achieve this goal,'? so
that there is a wide combination of price pairs at which the entrant’s profits would be exactly zero. Solving

B (pf, p‘24) = 0 for p{', the constraint on p{ implied by entry deterrence can be expressed as a function of

ps

pi (09) =a* —1—apj + \/(1 —a?) (8K+2a (1+p4) —a2— (1 +p§‘)2). (15)

Among all price pairs which satisfy condition (15), the incumbent will choose the one that maximises
its profits when entry deterrence is successful, leading to a scenario where Platform A is the only available
platform to consumers. As we assumed full market coverage under monopoly prices, the same holds under
limit prices as well, i.e. n{ (p’{‘7 pQA) = nj (p‘f‘, p’24) = 1, since limit prices are necessarily lower than monopoly

prices. Platform A’s optimisation problem in the entry deterrence scenario is thus given by:

max 7gp = pi +Dph (16)

P1 P2
st.pt < pit(pd)

B

sec, the constraint is binding at the optimum. Thus,

Given our assumption on the upper bound on K < 7
Platform A’s profit function w’é p is a single-peaked function in p3', and the following prices solve Problem
(16):

pﬁED:péED:aflJrQ\/K(lfa). (17)

The resulting profit under entry deterrence is thus given by the sum of the two prices:

wg‘D:Q(a—1+2\/m>. (18)

The incumbent platform will engage in entry deterrence if and only if this conduct is more profitable

than accommodating the entrant, in which case the incumbent makes the duopoly leader profits:

a 9

ﬂ-gDZﬂ-acc_g(lia)'

We see that, in our model, entry deterrence is driven by two parameters, namely (i) the level of entry
costs, K, and (ii) the intensity of network externalities, a. Clearly, for high levels of K, entry deterrence can

be achieved even with rather moderate price cuts, and so the incumbent will be more likely to prefer entry

10Note that in a setting a la Dixit (1980), the limit price (or quantity) set by the incumbent is exactly determined by the zero
profit condition for the entrant. In a multi-sided setting instead, there is an additional degree of freedom that the incumbent

can exploit to its advantage.
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deterrence over accommodation. The threshold level of K above which entry deterrence will arise can be

found by solving 74 ,, = 72 for K, which yields:

~ 625

Proposition 1 (entry deterrence - symmetric case)

Under the symmetric parametrisation oy = ay = a € [0,1) and t1 = to = 1, the set of subgame-perfect
Nash equilibria is given as follows:

(i) For K € [O, f() , the entrant will be accommodated, and the resulting asymmetric duopoly profits are
given by
B 25

(17&),71'(166—1*6(170,)7}{.

A _
7racc -

| ©

(ii) For K € [f(, B(1- a)] , the incumbent platform A will set limit prices and deter entry by Platform
B. The resulting profits are given by

= 2(2 K(1_a)_(1_a)),
8y, = 0.
As a increases, both K and 7B fall, so that entry deterrence equilibria arise for ever lower values of K.

Proof: Follows from above, noting that 9K /da = —325. <0, and 975, /0a = —22 < 0.

Figure 1 illustrates the parameter spaces identified in Proposition 1 for the symmetric case.

“ L4 K =mn5.
= |
8 1 Consumers /
S 12
> \harmed
= = o (1) only monopoly sustainable
S 10T ~ -
~
~
=~ S~
0.8 T ~
(2) only entry deterrence -
~
0.6 -
04T /
[P = mgec
02T e - .
(3) only accomm. equilibrium exists
00 +—+—+—+—"F—+—t—+t—+t—+F——1—

T t
0.0 0.1 02 03 04 0.5 0.6 0.7 0.8 09 1.0
network externality a

Figure 1: Symmetric case: Entry deterrence is the unique equilibrium inside the shaded cone

The parameter space is divided into three areas. In the top right corner (Region (1) in Figure 1), the fixed

entry costs are so high that only monopoly equilibria are sustainable. Given our restriction K < 72, we do
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not consider this area any further. In the bottom left corner (Region (3) in Figure 1), the fixed entry costs
are so low that the incumbent prefers accommodation over entry deterrence, so that only accommodating
duopoly equilibria exist in this part of the parameter space.

In the grey-shaded area of Figure 1 (Region (2)), the fixed entry costs are in an intermediate range where
they are high enough to make entry deterrence preferable over accommodation, but still low enough so that
the entrant would enter if accommodated (but not if confronted with limit pricing). In this region of the
parameter space, entry deterrence will arise as the unique equilibrium of the game.'!

Note that entry deterrence equilibria exist for all values of the network externality a, i.e. there is no “safe
haven” value for a beyond which entry deterrence would become impossible. This is the area of immediate
interest in our analysis, as this is where a strategy of entry deterrence is rational and will succeed.

We can observe immediately that, the stronger this network externality a:

(i) the less likely it is that a duopoly will arise in equilibrium (in the sense that the range of values of
entry cost K compatible with a duopoly equilibrium shrinks as a increases);

(ii) the less likely entry deterrence equilibria become over all; and

(iii) the lower the entry cost levels at which entry deterrence equilibria become feasible (in the sense that
the range of values of entry cost K compatible with entry deterrence equilibria shrinks as a increases, and
shifts down all the way to (almost) zero).

In other words, entry becomes generally more difficult as network externalities grow stronger, and entrants
become ever more vulnerable to entry deterrence, even at low levels of entry costs. As network externalities
become stronger, competitive pressure in the duopoly increases, and the leader’s profits in the duopoly drop
faster than in the corresponding limit pricing scenario, so that, all else equal, the incumbent platform has
more and more incentives to engage in entry deterrence. At the same time, the duopoly equilibrium becomes
more and more difficult to sustain, because the follower’s profits fall as well as a increases, so that the
industry moves to a situation where only a monopoly would be sustainable.

Intuitively, the reason why duopoly profits drop faster in a than limit pricing profits is that under entry
deterrence, the leader’s profit is affected by a through two opposite channels. While the negative impact of
network effects on market power is still present even under entry deterrence, the incumbent platform also
benefits from the fact that it becomes a monopolist, so that the fragmentation of the two user groups across
two competing platforms is avoided. As a result, Platform A can maximise network benefits on both sides

of the platform, which makes its profits increase in a.

We also analysed, for completeness, the case of “blockaded” entry. This happens when the entrant cannot
find it profitable to enter, even when the incumbent behaves as an unconstrained monopolist, that is, it sets
prices given by (10). The solution comes by analysing the best response of firm B against these prices, and
computing the limiting value of the entry cost that still makes its profits equal to zero. Simple computations
show that this happens when K = Kpjoer = 4({’711).12 Since the condition for a covered market equilibrium
under monopoly is v > 2(1 — a), it follows that Kpjoer > 1 — a, while K < 1 — a. Hence there always exists a
non-empty set of parameters where the entry-deterrence equilibrium characterised by Proposition 1 exists.

It clearly is also possible to choose a value of v sufficiently high such that Kyjocr > chc holds, and therefore

1 The dashed line in Region (2) refers to consumer welfare that we analyze further below in Section 5.
12Note that, as K — Kpjock, then p‘l“ED = pg‘ED as given by (17) indeed converge to (10).
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“blockaded” entry does not affect the pricing strategy in the grey-shaded cone in Figure 1. In the remainder,

we concentrate our analysis on this area which is the most interesting one for policy considerations.

4.2. General Case

We now turn to the general setup where the two groups do not necessarily experience the same intensity of
network effects or transportation costs, thus allowing for a; # ag and t; # t3. The situation with a; # as
will often arise, for instance, in the market for advertisement in media outlets, where the size of an outlet’s
readership typically matters a lot to advertisers, while readers may be indifferent about the number of
advertisers on the platform. The case t; # t2 instead can capture differences in the intensity of competition
and brand differentiation on the two different sides. Again in the market for advertisement in media outlets,
this could arise where readers may perceive the various outlets as strongly differentiated in terms of content
while advertisers may not care much about these dimensions of differentiation.

The analytical steps taken to derive the entry deterrence equilibrium are exactly analogous to those of
the case of symmetric network effects. The details are omitted here for the sake of brevity. We directly
report the limit prices which the incumbent platform A will set in the entry deterrence scenario (see the

Proof of Proposition 2 in the Appendix for the full derivation):

Vv 2K (al + g — 2t1)

A
: =q; —t; — . 20
PiED i i Vot h o — (20)
The difference between the two prices, letting ¢; = t5, can thus be expressed as:
Apep =DPiEp —PhEp = 01 — Q2. (21)

We find that Apgpp > 0 <= a1 — as > 0. In other words, we find that the group generating larger network
benefits is charged the lower price, in the spirit of a divide-and-conquer strategy. A similar pattern is also
(see eq. (29) and

(30) in the Annex). However, the incentive to engage in divide-and-conquer appears to be stronger under

present under entry accommodation, where the difference in prices reduces to “15%2
entry deterrence, because the difference in the alpha terms is fully reflected in the price difference in that
case, whereas the same difference in the alpha terms would only lead to half this difference in prices under
accommodation.

When network externalities become very asymmetric across groups, i.e. |a; — as| becomes very large, we
may even arrive at a situation where, say, the limit price for group 1 is below the accommodating price (as in
any standard limit pricing model), while the limit price for group 2 exceeds the corresponding accommodating
price. Figure 2 illustrates such a case for parameter values a; = 0,1 = t3 = 1, K = 1, so that all prices
are functions of ay. Dashed lines show the accommodating prices, while solid lines are the limit prices.
We see that, for values of as > 0.55, the limit price for group 2 is consistently above the accommodating
price for the same group. This concomitance of an “exclusionary” and an “exploitative” price is unique to
exclusionary pricing in two-sided markets, because there, the incumbent has two price instruments at its
disposal to implement the exclusionary strategy. By contrast, in the more familiar one-sided setting, the
incumbent only has one price instrument, so that limit pricing is always characterised by a price that is “too

low”.
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Accommodating and limit prices
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Figure 2: Numerical example setting oy = 0,¢; = 1,t3 = 1, K = 1. Prices as function of ay. Dashed lines

are accommodating prices, solid lines are limit prices.

Comparing the entry deterrence profits under the above prices to the accommodation profits for Platform

A in (31) yields the following threshold level of K above which entry deterrence will arise, namely

K= (22)

t1 +1to— a1 —as 60[% + 60[% + 13&10&2 — 25t1t2 2
128 4ttty — (041 + 042)2 ’

Expression K thus generalises to the general case the analogous lower bound on K found for symmetric
network externalities (namely K, see eq. (19)). The other important threshold is 72, which determines the
maximum level of K such that a shared duopoly equilibrium is sustainable. It will be convenient to rewrite
this upper bound on K as:

ﬂ'B _ t1 +1to— a1 —as 60&% + 60&% + 130[10[2 — 25t1t2
ace 8 4t1ty — (011 + 012)2

(23)

Proposition 2 (entry deterrence - general case)

Let both network externalities and transportation costs differ in strength across the two agent groups, i.e.
a1 # ag and ty # to. The set of subgame-perfect Nash equilibria of the sequential price setting game are
given as follows:

(i) For K €

(i) For K €

[0, K ), the entrant will be accommodated.
[IN(,WQBCC} , the incumbent platform A will set limit prices and deter entry by Platform B.
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The resulting profits are given by

Tap = 2V2K\I ttz —a; —ag — (b +t2 —a; — as),

ﬂ-gD == 0.
Proof: See Appendix.

The findings of Proposition 2 generalise those of Proposition 1, with the added value that one can now
consider comparative statics in richer directions. This is done below by way of a series of plots that illustrate
our findings in a very intuitive way.

Figure 3 shows a case where we fix symmetric transportation costs, t; = to = 1, and let network
externalities vary, while still ensuring that condition (2) is satisfied.!> We see that the cone where deterrence
happens in equilibrium is wider when either network externality parameter, unilaterally, decreases. At the

same time, the threshold for deterrence decreases with higher externalities.

Figure 3: Asymmetric network externalities: Entry deterrence arises in the space between the orange and

blue plane; consumers are hurt by entry deterrence above the green and below the blue plane

Figure 4, still with symmetric transport costs, fixes the total level of externality to d, where d = a1 + as,
and studies the thresholds when d varies. Interestingly, for a given d, it does not particularly matter which
side, whether 1 or 2, bears most of the externality for entry deterrence to happen.

Note that while Figure 4 was constructed assuming t; = t5 = 1, this finding carries over to the general
case where transportation costs can take any value. Once we substitute d = a1 + s, and as = d — ay, into
eq.s (22) and (23) above, we see that they are almost entirely driven by the aggregate network externality

term d, while the distribution of a given level of d across the two groups affects the threshold terms only

minimally.
K . t1+ty—d 6d2+011(d—0£1)—25t1t2 2
B 128 4t1ts — d?
7TB o tl +t27d6d2+061 (d*&1)725t1t2
ace 8 4t1ts — d? '

13In this case, condition (2) simplifies to a1 + a2 < 2.
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Figure 4: Asymmetric network externalities, fixing total externality d = a; + a3 Entry deterrence arises in

the space between the orange and the blue plane

Simplifying our model to symmetric network externalities, a; = a9, would thus imply only a very limited
loss of generality of results. In this context, it is worth noting that the incumbent platform’s profits under
entry deterrence (see Proposition 2) only depend on the sum «; + e, but not on any individual level of «;.

Figure 5 illustrates the other opposite, where we fix symmetric externalities @1 = as = 1/2 and let

transportation costs vary.!* We see that as either t; increases, the scope for accommodating equilibria

]
& - ——
- T
o I
5 —_—
© -

Figure 5: Asymmetric transportation costs: Entry deterrence arises in the space between the orange and the

blue plane; consumers are hurt by entry deterrence above the green and below the blue plane

broadens, because the two platforms are perceived to be more and more differentiated (at least by one of
the two consumer groups); this in turn allows both firms to charge higher prices, and make higher duopoly
profits, which facilitates entry even at high levels of entry costs. At the same time, we also see that increasing
transportation costs make entry deterrence by the incumbent more and more likely to arise (that is reflected
in the wider “cone” representing the region of entry deterrence). Again, the effect works through the duopoly

prices and profits, which increase in the transportation costs, also in the entry deterrence scenario. The latter

MTn this case, condition (2) simplifies to t1t2 > 1/4.
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therefore becomes more profitable as well, and is increasingly employed in regions where the high entry cost

in itself is no longer sufficient to keep entrants out of the market.

5. WELFARE ANALYSIS

The analysis of equilibrium market structure in Section 4 showed that there is indeed scope for exclusionary
conduct in an industry characterised by significant network externalities. Clearly such conduct is harmful
to the potential entrant who will be prevented from gaining a foothold in the market. Whether or not such
conduct is also harmful to consumers and society at large is a different question, to which we will turn now.

Note that our assumption on full market coverage in all scenarios (monopoly and duopoly) implies that
entry cannot lead to any market expansion, in the sense that consumers who would not consume the network
good under monopoly will now gain access to the good. We are therefore conservative, in that, should we
find that entry is deterred and bad for consumers, then this should be particularly worrying from a policy
perspective as we shut down another channel (market expansion) that typically benefits consumers via the
competitive process. In our model, any benefits to consumers arising from entry must work through either
a reduction in transportation costs (because the entrant’s product is a better match for at least some of the
consumers’ preferences), or by having access to the incumbent’s good but at a lower price. Since the prices
charged by the incumbent when engaging in entry deterrence are already quite low, and possibly lower than
the prices which would prevail under an accommodating duopoly, the price effect is less likely to drive our
results on the consumer welfare effects of entry deterrence.

We also conduct our welfare assessment in those regions where deterrence can happen in equilibrium, by
comparing it with a counterfactual where instead the platform is not allowed to engage in this exclusionary
practice. This methodology is supported by the fact that competition authorities can resort to their standard
tools to discipline platforms. By means of reasoned decisions, competition authorities have the power to force
platforms to cease and desist a certain conduct, thus imposing an end to the anticompetitive conducts. This
also has the positive effect of establishing a precedent that allows platforms to self-asses and thus refrain
from embracing similar behaviors.

As in Section 4, we consider first the simpler symmetric case, followed by the more general treatment.

5.1. Symmetric Case

acc

We first fix @y = ap = a and t; = t5 = 1. We showed in Proposition 1 that for K € {R, B ], a
duopoly market structure would be viable, but will not arise in equilibrium, since the incumbent will find it
profitable to engage in entry deterrence. If instead accommodation could be enforced, then the corresponding
equilibrium prices and volumes would be given by (11) and (12), as derived in Section 4.

We start the analysis by considering the impact of entry deterrence on consumer surplus, as this is the
most important metric taken into account by enforcers when considering abusive practices. Inserting these

expressions into the consumer utilities given in (1), and integrating over the respective consumer mass, we
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obtain the following expressions for consumer surplus under accommodation:
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If instead the entrant is deterred, then the incumbent platform would serve the entire market, n{ = ng' =1,
at the limit prices given by (17). The consumer surplus generated under entry deterrence is thus:

1
CséDg(a+vp;{ED2>2v+14 K(1—a). (26)

Note that in defining total consumer surplus as the sum of consumer surplus generated for each group,
we implicitly assume that losses of consumer surplus in one group can be compensated by simultaneous
gains on the other side of the platform. While not particularly controversial from an economic standpoint,
this is a non-trivial assumption and in many jurisdictions, notably in Europe, this aggregation is not always
justified.!®

A comparison of eq.s (24) and (25) to (26) illustrates the various forces at play: Under duopoly, the
customer base is fragmented, so that consumers enjoy a total of a {(%)2 + (2)2} of network benefits per
group, which is less than the full benefits of a - 1 per group which are generated when all consumers are
served by the same platform. At the same time, the addition of a second platform at the opposite end of
the linear city allows consumers located close to Platform B to save on transportation costs. The average
transportation cost in the market thus drops from % (the monopoly value) to % [(%)2 + (2)2} Whether or
not consumers will actually be harmed by entry deterrence thus crucially depends on the prices they will
pay in this case, which depend in turn on the level of entry costs K.

We can state our first result on consumer welfare as follows:

Proposition 3 (consumer welfare - symmetric case)

15The Guidelines on Article 101(3) state that the aggregation of efficiencies in different markets is acceptable as long as (i) these
two sets of markets are related and (ii) the groups of consumers affected by the restriction of competition and benefiting from
these efficiencies are substantially the same. Up to now this has been accepted only in the Star Alliance case (AT.39595), and
it does not seem that typical settings where the two-sided platforms operate meet these requirements. According to the recent
Mastercard judgement (C-382/12 P, Judgment ECLI:EU:C:2014:2201, 11/09/2014, MasterCard and Others v Commission),
that up to now disciplines the assessment of two-sided platforms in Europe, the two sides of the platforms should be considered
two separate relevant markets which implies that consumers are likely to be different. By summing the consumer welfare of the

two sides we are possibly more conservative by reducing the likelihood of finding anticompetitive foreclosure.
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Under the symmetric parametrisation, entry deterrence which reduces consumer surplus compared to entry
. : . 135 _ 15 \2 1 25
accommodation will arise for a <5/8 and K € [(ﬁ —12a)” =, %2 (1— a)]

Proof: See Appendix.

We comment Proposition 3 by referring back to Figure 1. In the grey-shaded cone where deterrence is the
equilibrium outcome when unchallenged by competition authorities (Region (2)), consumers are worse off
above the dashed area, compared to a counterfactual where limit pricing is not allowed so that the incumbent
has to play the entry-accommodating prices. Intuitively, this happens when the value of the externality is
low enough (so that fragmentation induced by entry does not carry a big loss), and when K is high enough
(so that the limit entry-deterrence price is also rather high and consumers benefit little from it). It is also
interesting to observe that, when a < 5/8, increasing a while keeping constant K determines a shift from a
situation where consumers benefit from entry deterrence to a situation where consumers are harmed. This
essentially supports the idea that under certain circumstances and for the same entry costs, an increase of
the network externalities can lead to situations where consumers are harmed. This is essentially due to the
fact that network externalities enhance the degree of competition (i.e. duopoly equilibrium prices decrease in
a at a faster rate than the exclusionary prices) and thus consumers suffer when by limit pricing the incumber
excludes the entrant. We can thus provisionally conclude that, at least in the case of symmetric network
externalities, consumer harm induced by entry deterrence can indeed occur. While a blank restriction on
limit pricing strategies does not make sense (as consumers often benefit from it), there is a non-negligible area
where an antitrust intervention would be appropriate. It is also true, however, that this type of intervention
is less justifiable the higher the level of (symmetric) network externalities.

Note that the particular parameter restrictions used to derive the various threshold levels identified in
Propositions 1 and 3 for the symmetric case crucially depend on the assumption that transportation costs are
t1 = to = 1. If one lets transportation costs increase, it is easy to show that the parameter space where entry
deterrence occurs, and where it harms consumers, will shift upward and extend towards the right in Figure

1, implying that entry deterrence will arise for ever higher values of entry cost K and network externality a.

Let us turn to the question how entry deterrence affects total welfare in our model. Our assumption
of full market coverage under all scenarios implies that, for any given market structure, prices are simply
transfers of utility between consumers and platform(s), so that they do not affect the overall level of welfare
generated by the platform(s). Thus, if only the incumbent platform is active in the market, the total welfare
is given by

WAL = 2 + (a1 + as) — % (b + ). (27)

If instead entry occurs, this affects total welfare in three different ways: (1) the entry cost K is incurred;
(2) aggregate network benefits drop because the customer base is now split across the two platforms, and
network benefits are only enjoyed between agents who joined the same platform; and (3) transportation
costs are saved because consumers can now choose between two platforms located at the opposite ends of
the linear city. Clearly, (1) and (2) reduce total welfare, while (3) increases welfare.

We now analyse under which conditions the welfare gains implied by entry (namely the savings on
transportation costs) dominate the welfare losses due to the entry cost and the fragmentation of the customer

base, again in the “cone” where entry deterrence would be the equilibrium if unchallenged by the authorities.
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It turns out that our symmetric model generates excess entry, in the sense that the accommodating equilibria

generate lower total welfare than if the network good had been provided by the incumbent platform alone.

Proposition 4 (total welfare - symmetric case)
Under the symmetric parametrisation, entry deterrence generates a higher total welfare than accommo-
dating entry, in the entry-deterrence region.

Proof: See Appendix

Intuitively, when transportation costs are fixed (as in Proposition 4), entry deterrence should harm
welfare most when network externalities a are small (so that little consumer surplus is gained from having
all consumers on one monopoly platform rather than split across two platforms), and when entry costs K are
low (so that establishing a second platform is not very costly to society). While indeed it is always possible
to find a sufficiently low value of K such that welfare is higher with entry, this cannot be the end of the
analysis. One also needs to check the incumbent’s incentives to engage in limit pricing. When K is low,
such incentives are minimal: Deterring entry would be very costly for the incumbent (low K implies low
limit prices), while accommodating entry still yields relatively high duopoly profits when a is low, so that

competitive pressure between the two platforms is moderate.

5.2. General Case

In this section we analyse the impact of entry deterrence on consumer surplus and total welfare in the
general setup where the two groups do not necessarily experience the same intensity of network effects or
transportation costs, thus allowing for a; # as and t1 # to.

Again, we will start by analysing consumer surplus. In the general case, the prices charged under
accommodation are given by (29) and (30) in the Appendix, and the resulting consumer surplus can again

be expressed as the sum of consumer surplus generated by each platform for each of the two groups:
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When the incumbent engages in entry deterrence instead, the resulting prices are given by (20), as
derived in Section 4.2, at which the incumbent will serve the entire market, nf ED = né gp = 1. Using these

expressions we obtain the following consumer surplus under entry deterrence:

1 1
05 = [ (or+v—tre—plep)do+ [ (o= tas —pip) d
0 0

1
= 2’U+§(t1+t2)*2V2K\/(t1+t2*O&1*O&2).
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Again, we can identify the threshold value for K at which entry deterrence yields exactly the same
consumer surplus as accommodation:

CS4p = CSace.

We can now state our main result on consumer welfare under generalised transportation costs:

Proposition 5 (consumer welfare - general case)

Under general transportation costs t1,ts and network externalities o, e, there exists a threshold value
of K above which entry deterrence which reduces consumer surplus compared to entry accommodation will
arise.

Proof: See Appendix.

The figures in Section 4.2. illustrate the findings of Proposition 5 for different special cases. First, for
symmetric transportation costs ¢t; = to = 1, Figure 3 shows how the scope for consumer-harming entry
deterrence evolves when allowing for asymmetric network externalities. We see that consumer harm is
most likely to arise from entry deterrence when both o7 and «y are small, and K is sufficiently large (see
the space between the orange and blue plane in the figure). The range of values for K compatible with
consumer-harming entry deterrence shrinks as network externalities intensify for either of the two consumer
groups.

Figure 5 considers asymmetric transportation costs, while fixing network externalities at a1 = ag = %
We see that such consumer harm arises in a non-negligible part of the parameter space, and that product
differentiation drives the impact of entry deterrence on consumers (again, see the space between the orange
and blue plane in the figure). Overall, we can conclude so far that entry deterrence is more likely to harm

consumers the weaker are network externalities, and the more differentiated are the two platforms.

Turning to the analysis of total welfare, we can now state our welfare result for the case of general network
externalities and transportation costs:

Proposition 6 (total welfare - general case)

Under general transportation costs t1,ts and network externalities aq, s, total welfare under entry de-
terrence is always higher than under entry accommodation.

Proof: See Appendix

Excluding the entrant is efficient, from a total welfare perspective, when entry costs are high enough. But
entry costs also determine the limit pricing of the incumbent when engaging in an exclusionary strategy. In
particular, low entry costs are associated to low limit prices. This is why, in our model, we find that, when
an entrant is excluded, it is efficient to do so. The converse is not true: there are ranges where the incumbent
would still need deep discounts to exclude a fairly inefficient rival, so that it prefers to accommodate entry.
The discounts that would need to be given to existing customers do not compensate for the more limited

gains from getting the rival market share.

22



6. EXTENSIONS

6.1. Non-negative Prices

In our analysis, up to now, we have not considered the potential presence of constraints to set non-negative
prices by platforms.!® This restriction can play an important role in certain markets where prices can be
substantially skewed, with prices on one side of the market being significantly lower than on the other side,
and even below zero. This possibility can be exacerbated in the presence of limit pricing (see our observations
on this point in Section 4.2., discussing eq. (21)). In this section we offer an initial reflection on this scenario
by discussing some limiting cases.!”

First, consider the symmetric case that we covered in Section 4.1. Such a case actually does not pose any
problem of non-negativity. This can be seen by simple inspection of the prices and profits of the leader, given
by eq. (17) and (18) respectively, which are always positive: The limit prices in eq. (17) are non-negative
whenever K > 0.25 (1 — a), while entry deterrence will arise whenever K > K ~ 0.61 (1 — a). Moreover, any
time (symmetric) limit prices are positive, entry-deterrence profits will be positive too, as profits are simply
twice such (symmetric) prices. We can thus conclude that, whenever limit prices will actually be deployed
by the incumbent platform, they will be strictly positive. This is quite intuitive, but relies on symmetry too.

Hence we take another simplified case which instead amplifies the asymmetry, namely we consider a; =
0,y > 0 which describes a situation where one side does not care about the other side (i.e., consumers do
not care about the number of advertisers) while the other side does (e.g., advertisers do care about eyeballs).
In order to simplify expressions, we also posit ¢t; = to = t. The restriction for the existence of a market
sharing equilibrium becomes t > a3 /2.

If entry is accommodated, we get for the leader:

A
= 7t —
pl 2 062,
3 1
A
= —t— —as.
P2 5 2042
For the follower:
oP = 5% — 2ast — 203
L 2(0{2 + Qt) ’
pB _ t(2a2 + 5t)
2 2(qp +2t)

Looking at all these four prices, the most stringent condition in order for them to be positive comes from
pP, and in particular it is ¢ > %ag ~ (0.87as. This condition is more stringent than the condition above
for a shared equilibrium. We first assume that it is satisfied. In other words, we consider that, in case entry
is accommodated, all prices would be positive, and we discuss if, looking at the incentives to deter entry,

prices might instead become negative because of a limit pricing strategy.

16This part builds on the economic literature that has studied the effects of imposing a non-negativity constraint on the

pricing strategy of platforms. See for instance Amelio and Jullien (2012), Karlinger and Motta (2012).
17"We should remind the reader that, so far, we have normalised to zero the per-agent platform costs f; as they did not play

any particular role in the analysis, and interpreted prices as margins. When it comes to negative prices, such costs obviously

matter. In this section, we literally interpret prices in their absolute value, concentrating on the ’toughest’ case f; = 0.
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B
acc

If entry is deterred, we know from Proposition 2 that for K € [R’ , T ], the incumbent platform A will

set the limit price and deter entry by Platform B where the threshold values simplify to:
7o L (25— 6a3)
128 (2t + ) (2t — o)

B _ 125t2 — 603
e 8 2+ an
It is a matter of simple computations to show that firm A’s limit prices are given by:

™

piep = —t+ 2K (2t — a)
Pipp = —(t—a2)+ 2K (2t — ay).

It is immediate to see that indeed it is always p{' p, < p3' pp, Which is intuitive. Prices are also increasing

in K, the lowest possible price will thus be at K and it amounts to:

~ 9t2 — 8ty — 602
A 2 2
K) =
pl,ED( ) 8(2t az)

4+v70
9

Looking at the last expression, the limit price can be negative, but only when ¢ < ag ~ 1.37as. Hence

it is sufficient that ¢ is large enough for pf g p to be always positive, for any value of a;. In fact, recalling that

HT\/ﬁozg ~ 0.87as, the area where prices would be

prices under accommodated entry are positive when ¢ >
negative because of a limit pricing strategy is extremely small.

Working in exactly the same way at the upper bound of the deterrence area, we find

1 /25t2 — 602
A B 2
T =—t4+ | ——= (2t — o).
pl,ED( acc) 2\/ o N ( 2)

This expression is positive when ¢t > 0.83as. Hence an equilibrium with positive limit prices is always a
non-empty set, in the relevant range.

Finally, let us briefly discuss what happens in the limiting case, when externalities are so asymmetric that
prices on one side of the market are already hitting the zero-price constraint under accommodated entry. Is
entry deterrence still possible in this case? We thus still consider the simple setting with a; = 0, a3 > 0,
and further impose that p{* = pP = 0, while allowing for general transportation costs t; # t5.'% Applying
these parameters to the general demand system (see eq. (5) and (6)), one immediately notices a striking
fact: demand is now independent of externalities on the remaining side of the market. This is because either
externalities are directly zero (side 1 of the market), or there is no potential for price differentials that would
be amplified by externalities on the other side of the market (side 2 of the market). Hence competition boils
down to a standard Hotelling setting (on side 2 of the market). We omit for brevity calculations as they are

straightforward. Under accommodated entry, we get for the leader and for the follower, respectively

3
A
= —t
b2 2 )
5
B
= —t
P2 4 )

18Under these parameters, only t2 (but not t1) will affect equilibrium prices and profits, which is why we simplified the

following notation to t.
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B _ 25

with associated profits 72, = %t and 7,,.. = 55t. If entry is deterred, firm A must set a limit price given by:

PiEp = —t+2V2Kt,

which is positive for K > é. This strategy generates a profit ﬂgD = —t + 22Kt which is better than 72

acc

when

- 625t ~
K>K=—— with K <75 _.
> 5048’ wit < Taee

Since K > é, we have just shown that, when entry deterrence is profitable, it always involves positive prices
on the remaining side of the market.”
While more work is needed to tackle the general case, we have shown that there are specific circumstances

in which the presence of the non-negativity constraint does not alter the results of our main analysis.

6.2. Competitive Bottlenecks (Multi-homing)

Our model is restrictive since we have concentrated the analysis on markets where there is single-homing on
both sides of the market. We argued in Section 2 that there are realistic situations where that would possibly
hold true, especially in the context of antitrust cases where some practices are alleged to make multi-homing
difficult. Still, we believe that further research is needed to analyse other instances where multi-homing
is feasible. In particular, another setting that has become a workhorse model in the IO literature is one
of “competitive bottlenecks”, whereby group 1 agents continue to join at most one platform (i.e. group 1
single-home), while group 2 agents can join both platforms instead (i.e. group 2 multi-home).

In Appendix B we make a first step in that direction, considering a model where a; = 0 (e.g. readers of
a newspaper are indifferent about the number of advertisers placing ads on this newspaper), while as > 0
(e.g. advertisers want to meet as many eyeballs as possible, and may place their ads on more than one
newspaper). In line with the single-homing model of the previous part, we still consider a Hotelling line
where all agents on side 1 connect to one of the platforms in equilibrium, while all agents on side 2 connect
to both platforms in equilibrium (full market coverage, which happens when the stand-alone value v is high
enough). We obtain the following result.

Proposition 7 (entry deterrence - competitive bottlenecks)

When a1 =0 and ag > 0, and group-2 agents can multi-home, entry deterrence will arise in equilibrium
whenever

K e {RMHM'@BCC} .

Hence we obtain a result which is, in spirit, identical to our main Proposition 2. The main difference,
and an important one compared to the case of single-homing on both sides, is that neither the threshold
7B mnor Krpr depend on the level of the externalities. This is so because, both under accommodation and
under entry deterrence, the network premium earned on group 2 (i.e. «3) is fully passed on to group 1 to
attract them to the platform, so that it does not have any impact on the incumbent platform’s profits under

either scenario. In this special case of competitive bottlenecks, network externalities thus do not affect the

191t is also straightforward to verify that there exists a non-empty space where such entry deterrence harms consumers. Specif-

9t+32a5)>

ically, the relevant threshold for such consumer-detrimental exclusion to arise is K > (i 19873t Notice that externalities

do matter for assessing the impact on consumers.
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occurrence of limit pricing in either direction. This neutrality result is most likely an artefact of the Hotelling
framework with full market coverage. Further research would be particularly welcome to understand whether
this feature also carries over to more general models where prices also affect total market size, rather than
just the distribution of users across platforms.

Finally, suppose that the non-negativity constraint on prices is binding for the prices charged to group
1 even in the accommodation equilibrium. Then, there is no room for limit pricing under multi-homing,
since such a limit price would necessarily be below zero as well. Thus, the only feasible equilibrium under
such a non-negativity constraint would be the duopoly equilibrium: As long as «s is large enough, both the
incumbent and the entrant will charge a price of zero on side 1, because consumers generate large externalities
to advertisers on side 2. Hence, each platform obtains an equal consumer market share of one-half. But
multi-homing with o3 = 0 implies that there is no competition on the advertiser side: Thus, each platform
can extract the full surplus generated to advertisers on the other side. Whenever this surplus is sufficient for
the entrant to cover its entry cost K, entry cannot be prevented by the incumbent. This result is, however,
driven by the special features of our Hotelling framework, in particular by the fact that multi-homing implies
that there is no competition among the two platforms for advertisers any longer. Thus, this feature may make

the Hotelling model not the most suitable setting to study multi-homing in the context of entry deterrence.

7. CONCLUSION

The paper extends one strand of the literature about exclusionary pricing to the framework of indirect net-
work externalities and platform competition. We have conducted this exercise by embedding a canonical
model of two-sided markets (borrowed from Armstrong, 2006) into another canonical model of entry de-
terrence (borrowed from Dixit, 1980). Our results show that traditional exclusionary practices can carry
over to platform competition and, under some circumstances, indirect network externalities accentuate the
incentive to foreclosure by incumbents. We show that if the two platforms are sufficiently differentiated, such
foreclosure turns out to harm consumers. More specifically, the usual result found for exclusionary pricing
in the context of platform competition, namely that low prices and the avoidance of network fragmentation
turn out to benefit consumers, does not materialise under certain parameter conditions. On the contrary,
there are circumstances in which consumers are harmed because they are not sufficiently compensated for
the loss of an alternative platform which is a better fit for at least some of the consumers in the market.

The paper has thus a direct policy implication. It suggests that the typical tools and the economic
intuitions used and developed in the analysis of single-sided markets need not be abandoned but need to
be adapted. In their assessment, competition authorities would need to be vigilant and in particular try
to establish, at least qualitatively, the extent of single-homing versus multi-homing of agents, the ability
to freely set prices (e.g., absence of non-negativity constraint), the cost of entry, the strength of network
externalities, and the degree of platform differentiation.

Subject to the maintained assumptions, single-homing in particular, we considered a model which is
flexible enough to accommodate differences in competition and externalities on the different sides, as this can
play an important role in practical cases. Yet, we found that most economic insights could also be obtained

without particular loss of generality in a simpler, symmetric model. When it comes to externalities, we also
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found that what seems to matter is their total level, not how they are distributed between the two sides.
Overall, we consider our model useful and calling for further research in this field. In particular, at this
current stage, we observe two potential avenues for future research. First, given that this paper treats the
parameters of differentiation and the degree of indirect network externalities as exogenous, future research
could extend our settings by studying the fact that platforms can decide on the design of their services and
thus directly influence the degree of differentiation and the strength of network externalities experienced by
their users. Such design choices would then also affect the pricing strategies and thus the market structure
that will arise in equilibrium. Second, this paper deals only preliminarily with the issues of non-negativity
of prices and incentives to multi-home. Further research would be needed in order to study these settings in

a more comprehensive way.
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Appendix A: Proofs

Characterisation of the monopoly solution.

At the corner solution, we have (superscript M denotes the monopoly solution):

p{w = a1 +v-—1, py=a2+v—t27 (28)
M (1 +v—t1—fi)+ (a2 +v—ta— fa).

Let us now characterise the interior solution. Imagine the monopolist serves only a part of the market.

For any given price pair (p‘f‘, p‘g“), all consumers with non-negative utility will buy the product:

uf = a1n§4—|—v—t1x1—p‘14207
u2A = agnf—l—v—tgmg—psz.

These two inequalities allow us to identify the location of the respective consumers of either group 1 or 2

who are indifferent between joining the monopoly platform and not consuming the network good at all:

1

jl = E (alnf +v *pf) ,
1

Ty = g(agnf—kv—pf).

Since consumers are distributed uniformly over the unit interval, the mass of consumers who derive non-
negative utility from consuming the network good, and who will therefore join the platform, is given by:

n{t = & and ng = Z,. The resulting demand system can thus be solved to obtain:

A( A A) ~v(og +t2) — pitta — anpd
ny \P1,P2 - tits — ayon 5

v(ag +t1) — pilag —tipy
tltg — X1(X9 '

ny (p1,p3)
The monopoly platform’s problem is thus similar to the one of a monopolist selling two complementary
goods: The demand from group-1 consumers is affected not only by the price charged to these consumers,
but also - indirectly - by the price charged to group-2 consumers, because the latter determines how many
group-2 consumers will join the platform, and hence how much utility the network good can generate for
group-1 consumers.
The monopoly platform solves the following problem:

max = (pihps) = (1 = A1) it (i p3) + (05 — f2) na (' p3) -
1282

If condition (2) holds, the following interior solution to the above problem arises:

M (int) B v (2t1t2 — Oé% — (X1 (g + Oé1t1 - Oégtl) - Oz%fl — OqOégfl - Oélfgtl + Ozzthl + 2f1t1t2
! 4t1t2 — (a1 —+ 042)2 ’
Manty v (2tita —af — g — anty + aoly) — a3 fo — araa fo + i fity — asfils + 2 fotit

2 4t1t2 — (0[1 + 042)2

In our analysis, we assume that the interior solution is never feasible, so that the corner solution charac-

terised in (28) always applies. We therefore need to make sure that the standalone value v is high enough
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so that the demand generated by the monopoly prices at the interior solution would ezceed unity (i.e. the

size of the entire market). More precisely we assume that
ve {v . min (n,lq (piw(int)’péw(int)> ,n‘f (piw(mt),péw(mt))) > 1} .

which can be rewritten as

1 2
v > max 7( a1 + ag) + 2f1te + 4t1ts — (o + @ ),
2 {a1+a2+2t2 fa (o 2) Jito 1t2 — (o 2)
1 2
—_— a1 + ag) + 2foty + 4t1ts — (a1 + @ )
o (D (@t a2) 20ty + ity — (o + ) }

Under the simplified parametrisation f; = fo = 0,t1 = to = 1,07 = as = a, the corresponding lower

bound on the standalone value v reduces to:

v>2(1—a).

Characterisation of the duopoly solution under sequential price setting

We solve this game by backward induction, starting with the second stage of the game, where Platform
B sets its prices (plB, ¥ ) given Platform A’s choice of (pf, p‘24) made at the first stage of the game. Based
on Platform B’s best response function, Platform A will set its own prices to maximise own profits.

This problem has a closed form solution. For the leader, we obtain the still rather simple expressions for

price as follows:

3

py = f1+§(t1—0¢1)+041—042, (29)
3

PQA = f2+§(t2—a2)+a2—oz1.

For the follower, expressions are slightly more complex than the simple ones found by Armstrong (2006):

5 S5aq + dag + 9t (a1 — a2)ti(ta — t1) }
B 1 2 1 1 2)t1
= fi+t>(ti—a1)+ (- , (30
D1 fl 4( 1 041) (051 Ol?) {4(0{1 +O{2 —|—2t1) 2(@1 T o +2t1) [(051 +O(2)2 —4t1t2] ( )
5 Sag +4oq + 9t (g — aq)ta(th — t2) }
B 2 1 2 2 1)t2(t1 2
= fot 2(ts — as) + (ag — -
p2 f2 4< 2 Oé2) (042 011) {4(041 —+ (6%) —+ 2t2) 2(0&1 —+ (6%)] —+ 2t2) [(Ozl —+ 052)2 — 4t1t2]

The equilibrium profits in the duopoly equilibrium under sequential price setting, under accommodated

entry, are found as:

9 100[2 + 80[2 + 011(18012 — tl — tQ) — 36t1t2 —+ o (tl -+ tg)
A 1 2
T = —(ti+t2—20)+ (a1 —« 31
ace 16 ( ! 2 1) ( ! 2) 16 [((kl + (k2)2 — 4ﬁ1t2] ’ ( )
25 260[2 + 24042 + aq (500&2 — tl — tz) — 100t1t2 + a9 (tl + tg)
B 1 2
us = —(ti1+1t2—20)+ (a1 —« (32
ace 32 ( ! 2 1) ( ! 2) 32 [((Jél + (12)2 - 4t1t2] ( )

Proof of Proposition 2 (entry deterrence - general case)
Eq.s (29) and (30) identify the equilibrium prices that arise in the duopoly equilibrium with sequential

price choice, while eq.s (31) and (32) show the corresponding leader and follower profits for the general case.
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We will now derive the incumbent platform’s prices and profits under limit pricing, and compare these
to the accommodation profits to identify the entry cost threshold K at which entry deterrence becomes the
incumbent’s preferred strategy.

A’s limit prices are obtained by backward induction as follows: Solving the follower’s problem of max-
imising its profits as given in eq. (7), where the demand functions are given by (5) and (6), yields the

following best-response functions:

1
(041 —+ 052)2 — 4t1t2

tant1(ps +t2) + a1 (—a3 + aa(pi + 2t1) + ti(—pj +t2)))
1

(01 + ag)? — 4tity
+ay(—ad + (pit 4 1)ty + aa(pf + 2t2)))

p? (p1.p3) (—afas + a3pft — 2t1(pi + 1)t + (33)

Py (vapéq) (af (o +P54) —ta (042(29f1 —t1) + 2t (pg + t2)) +

Inserting these best response functions into Platform B’s profit function, eq. (7), and solving for the
price pf* which sets Platform B’s profits, evaluated at B’s best response prices (33), equal to zero, yields
Platform A’s limit price on group 1 as a function of ps'. (Of the two roots which solve this problem, only the
positive one is relevant here). Inserting this limit price into A’s profit function and maximising A’s profits

with respect to ps', yields the second part of A’s limit prices, which are given by:

V2K (a1 + oo — 2t7;)

a Vit —a —as

A
Pi,Ep = Qi — 1

Since the incumbent will serve the entire market in the exclusionary scenario, we have that n{* = ng' = 1,

and so A’s profits under limit pricing are given by

Tap = PfED +P’24,ED (34)

= 2V2K\/t1+t2*05170[27(2514’152705170[2).

By construction, B’s profits will be zero when A engages in limit pricing, i.e. 74, = 0.
A’s profits under limit pricing, (34), are continuously increasing in entry cost K, while A’s profits under
accommodation, (31), are not a function of K. We also have that, at K = 0, wgD < 0, while the accommo-

dation profits (31) are strictly positive. By the Intermediate Value Theorem, we can infer that there exists
A

acc?

solving this equality yields K as given in (22).

Part (i) of Proposition 2: For any K < K, we have that 74, < 74 and so Platform A will prefer to

a positive value K such that 74, =7

accommodate the entrant platform B. By assumption, we have that K > 0, so that the interval [0, K ) on

which accommodation arises is non-empty.
A

acc)

entry of Platform B. It is straightforward to show that K < 72, simplifies to 39t1to > 1002 419a; 00 + 1002,

acc

. Hence, by slightly strengthening condition (2)

Part (ii) of Proposition 2: For any K > K, we have that 74, > 7/ . and so Platform A will prefer to deter

which can be re-written as 41ty > (a1 + a2)? + tlt’r%

to satisfy this inequality, we can guarantee that the interval {f( ,Wchc} on which entry deterrence arises is

non-empty.
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As a final step, the threshold value of K above which entry is blockaded is derived as follows: Inserting
A’s monopoly prices, eq. (28), into the solution of B’s profit maximisation problem (9), we obtain the

following threshold value for K:
(tl + tg + (651} + ag)’UQ

2 (4t1t2 — (a1 + a2)2)

Kpioer >

Thus, we can always obtain Kpjpcr > ﬂfcc by setting v sufficiently high.
This completes the proof of Proposition 2. [

Proof of Proposition 3 (consumer welfare - symmetric case):

To identify the cut-off value for K such that total consumer surplus under entry deterrence (eq. (26)) is
exactly equal to total consumer surplus under entry accommodation, i.e. the sum of (24) and (25), solve the
following equation for K:

CSace = CSie + CSL...
The resulting cut-off value f{g, is given by
- 135 15 \* 1
K=(—2_2 .
2 Q% mﬁl—a
which is well defined for all a € [0, 1), the latter constraint reflecting condition (2). Since C'S4,, is monoton-

ically decreasing in K, and 'S4, + CSB_ does not depend on K, we have that C Sz, < CS,.. whenever

K > f(g and vice versa.
We know from Proposition 1 that entry deterrence is the unique subgame perfect equilibrium for K €
[f( , B ] It is easily verified that K, > K for all a € [0,1]. Thus, the interval of K in which consumer-

acc

B

acc

detrimental entry deterrence can possibly arise is K € [f(g, T }, if this is non-empty. Simple algebra then

shows that 75, — Ky = %m. Thus, if a > 5/8, then 72, < Ky, and hence consumers are always
better off with limit pricing, even if it deters entry, compared to an accommodated equilibrium. If instead
a < 5/8, then [f( 2, wfw} is non-empty, so that there exists a set of parameters where entry deterrence arises

as the incumbent’s preferred strategy and at the same time harms consumers. See also Figure 1 in the main
text. O

Proposition 4 (total welfare - symmetric case)

When a1 = ag = a € [0,1) and ¢; = t3 = 1, we can compute the total welfare under accommodation in
this case as the sum of consumer surplus (eq.s (24) and (25)) and aggregate net profits (eq.s (13) and (14))
to obtain

17

17
Wacc—2U+Ea—§—K

The total welfare under monopoly supply by Platform A simplifies to
Wihp =2v+2a—1.

We have that Wy.. < WE4D whenever K > % (1-2a) = K;. Tt follows immediately that Ky < K =

625

1621 (1 — a). Hence, in the entry-deterrence cone, it is always Wip > Waee. O

Proposition 5 (consumer welfare - general case)
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The structure of this proof is identical to the one of Proposition 3. Again, we have that C'Sa, is
continuously decreasing in K > 0, while C'S,.. does not depend on K, so that there exists a threshold level
for K above which CSSD < CSyee, and below which CSSD > CSgee. This threshold level can be expressed

as
- 1 2
K, = ; 4((041—|-Oéz) (—4(0&14—0&2)'
2048 (tl + tQ — 1 — Ckz) (4t1t2 — (a1 + CVQ) )
(7ad + 16a1as + 7a3) + (3205 + T2a1a2 + 31a3) t1 + (31ad + T2aqas + 3203) t2) +
+6 (o1 + a2) (3907 + 8202 + 3903) tita — (26505 + 554aas + 261a3) it —

— (26107 + 554 as + 26503 + 480 (g + o)ty — 540t7) t1t3 + 540t3t3)°.

Intersecting the condition for existence of entry deterrence equilibria from Proposition 3, K as given in
(22), we find that K, > K whenever a; > 0, as > 0,2ty > a1 + as, and & large enough.

Moreover, we showed in Part (ii) of Proposition 2 that the interval [f( , chc} on which entry deterrence
arises is non-empty. Since there exist values of (a1, aw,t1,t2) such that K, is arbitrarily close to K, there
must therefore also be a non-empty interval [KZL, chc] where entry deterrence does arise and is harmful to

consumers, as claimed in the Proposition. [

Proposition 6 (total welfare) - general case

The result is obtained by comparing the total welfare under monopoly supply,

1
W§D=2v+(a1+a2)—§(t1+t2),

as defined in eq. (27) to the corresponding welfare under duopoly. To find the latter, we have to calculate

the aggregate gross consumer surplus across all consumer groups and platforms, and subtract the entry cost.

nf‘ n‘;
Gcsfcc = / (a1n§4 +v— t1$) dz + / (agn’f‘ +v— tgx) dzx
0 0
1 1
GCSB = / (a1nd +v—t; (1—2))dz+ / (aonf +v—t2 (1 —2))dz
nf‘ né“

Woee = GCSA +GCSE — K.

acc acc

We can then identify the threshold value of K such that W2 < W7, as follows:
1
K > GCS,;‘“ + GCS(ﬁC — <2U + (041 + 042) — 5 (t1 + tQ)) .

Inserting the corresponding expressions for duopoly prices (see (29) and (30)) and the resulting quantities
into the expressions for GCSZ . and GCSE

R = ! .
16 (4t1t2 ~ (a1 + a2) )
. (404? + Tarag + 404%) + (404% + 6aag + 5oz§) t, + (504% + 6aas + 404%) ta) +
+60 (g + a2)3 tity — (29a% + 58aiap + 33a%) 2ty —
— (330 + 582 + 2903 + 120 (v + a2) 1 — 60¢7) t1t5 + 60t5¢3).

and simplifying, yields the following threshold value for K:

(o1 + a2)® (—2 (o1 + a2) -
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All else equal, the welfare loss from entry deterrence is minimised when aq, @y — 0, so that splitting the

consumer mass across two platforms does not carry a large welfare cost. In this case, we have that

~ 15(t; + ¢ - 625 (t1 +t
lim K5:M7 lim K:M

ag,a2—0 64 ay,02—0 2048
It is easy to verify that limq, a,—0 K5 < lima, ,a,—0 K , where the latter represents the threshold above which
entry deterrence arises in equilibrium. We can thus conclude that where entry deterrence arises, it always

generates higher total welfare than the corresponding duopoly. [
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Appendix B: Competitive Bottlenecks (Multi-homing)

In this appendix, we relax the assumption of single-homing on both sides, and instead assume that group 1
agents continue to join at most one platform (i.e. group 1 single-home), while group 2 agents can join both
platforms instead (i.e. group 2 multi-home). We sketch a simple model where we set c; = 0, while ay > 0.

Net utilities for group-1 agents from eq. (1) thus simplify to the standard Hotelling-type utilities:

u =v -tz —pf and uP =v—t, (1 —z) —pP,
while the net utilities for group-2 agents remain the same as in eq. (1).

The demand functions for group-1 agents can be derived from the indifference condition as follows:
pt —pi

pit —pP
2t '

2t (85)

1 1

A B

= — d —_ —

ny 3 + and nj 3 +
When group 2 agents can multi-home, they can join both platforms and hence will join any platform that

offers them non-negative utility. Because we have concentrated on full market coverage, platforms will then

extract all surplus from the marginal group-2 agent, which is the one further away on the Hotelling line. All

group-2 agents will join both platforms, i.e. n{ = nf = 1, and assuming that v is always high enough to

make the corner solution the relevant one,?’ the resulting prices paid by group-2 agents are thus given by:
ph = agnf +v —tg, (36)

where n! is given in eq. (35).

Inserting these expressions into the platforms’ profit functions yields

A( A B A 1 p?—pf

™ (plapl) = (p1 +052) §+27tl +v—1ts (37)
B (A B B 1 1'9’14*10115e

™ (plvpl) = (p1 +042) 54’7 +v—t — K. (38)

Accommodation

Again, proceeding by backward induction, we first solve Platform B’s price-setting problem after it decided
to enter. Note that, under multi-homing, Platform B’s profits are entirely determined by its group-1 price
(and Platform A’s group-1 price).

Maximising eq. (38) with respect to p¥, and inserting this solution into eq. (36), yields the following

best-response prices for Platform B:

1
pjlg (pf) = 3 (t1 —Qa —‘,—p‘f‘) (39)
pQB(pf) = %(t1+042+p’14)+v—t2.

If the incumbent Platform A takes B’s entry for granted, it will maximise its own profits subject to B’s

best-response prices in eq. (39). Inserting these prices into A’s profit function in eq. (37), and solving for

20The relevant constraint can be expressed as v > 2t.
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the p{! that maximises 74, we obtain the following solutions for prices in the duopoly equilibrium:
3t1 3042
pfucc = 7 - a27pé4,acc = ? —ta+w (40)
5t1 50&2
pﬁacc = I~ a2ap§acc =——t2+0,
4 8
and duopoly profits can thus be derived as:
9t
A 1
Tace — E - t2 +v (41)
25t1
Tace = 372—7524-1)—}(

We thus see that the duopoly equilibrium under multi-homing will be sustainable whenever:

K <5 _2h

S acc—ST—tQ‘F’U.

Whenever v is large enough so that, under monopoly, the corner solution applies on both sides, these

duopoly prices and profits are well defined.

Entry Deterrence

If instead Platform A wants to deter entry by Platform B, it has to set its prices so as to drive Platform
B’s profits net of entry costs K down to zero. Inserting B’s best-response prices of eq. (39) into B’s profit

function of eq. (38),2! we can solve for the limit price pi':

PiEp =2V2t (s —v+ K) —as—t. (42)

Given this price to group-1 consumers, Platform A will achieve entry deterrence, implying that it will serve

the entire group 1, i.e. nf* = 1.22 From (36), the price for group-2 under limit pricing is therefore:
pQA’ED =g + v —ts.

Platform A’s profits under entry deterrence are given by the sum of the two limit prices (since Platform

A will serve the entire market):

’/TgD:’Uf(t1+t2)+2\/§\/f1(t27’0+K). (43)

Platform A will thus want to engage in entry deterrence whenever 74, > 74, . Inserting from eq. (41)
and (43), we can solve for the threshold level of K above which entry deterrence will arise as

625t

K 2 Kun = 2048

—ty + v, with Ky <78 (44)

Proposition 7 (entry deterrence - competitive bottlenecks)

217t is natural to assume here that, if nlB = 0, then entry would not be viable for Platform B, even though it could in principle
still sell to some group-2 customers. This is true when serving only group-2 customers is not enough to cover fixed costs on a

stand-alone basis, that is, v —t2 < K. We assume this to be satisfied as it is the only non-trivial case to study entry deterrence.
22In analogy to the single-homing case, we concentrate on those instances when, under monopoly price, it is optimal to

set a price p‘f‘M that reaches the corner solution n‘f‘ = 1. A fortiori, the corner solution also applies under the limit price

A A
Pi.ED <P, M-
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When a1 =0 and as > 0, and group-2 agents can multi-home, entry deterrence will arise in equilibrium

whenever
Ke [RMHJTGBCC} .

Finally, let us also comment on the possible non-negativity constraints on the limit prices set by the
incumbent platform. In the case of multi-homing, it turns out that such a constraint will never be binding
for those values of K for which entry deterrence can actually arise. To see this, note that pﬁ gp given in
eq. (42) is increasing in K, and therefore reaches its minimum value for K = Kun. Inserting Ky from
eq. (44) into p‘l“’ gp, we find that pf gp > 0 reduces to ap < 91%, which is always satisfied whenever the

accommodation prices in eq. (40) are strictly positive.
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