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Abstract

This thesis is a collection of four research papers in the field of digital economics. The
first two chapters contribute to the literature on digital piracy. While in the past digital
piracy was relegated to user activity, it has now turned into a business model based on
ads. The first chapter studies the effect of user adoption of ad-blocking technologies
aimed at (partially or fully) stopping ads on the strategies set by legal and pirate content
providers. It finds that ad-blockers alters the firms’ strategies. Depending on how many
ads are blocked, the copyright holder, consumers, and society can perceive ad avoidance
either as a blessing or as a curse.

The second chapter studies competition between a legal content provider and several
pirate alternatives. Facing a pirate ecosystem, the legal provider and the government may
find it optimal to tolerate some degree of (commercial) digital piracy.

The third chapter studies the platform’s incentives to undertake value-increasing in-
vestments when the value generated accrues to different sides of the market (i.e. sellers
and buyers). Depending on whether sellers are enabled to join more than one platform,
different results and incentives may arise. When some sellers multi-home, prices decrease
to buyers and increase to sellers. Moreover, more sellers multi-home and platforms are
more likely to invest.

The last chapter explores incentives for a premium provider (Superstar) to offer exclu-
sive deals to competing platforms. When platform competition is intense, more consumers
join the platform hosting the Superstar exclusively. This engenders a ripple effect on the
other side: many other providers enter the market and provide exclusively their product.
The welfare analysis suggests that Superstar exclusives may represent a manifestation of

the competitive intensity in the market and be the first-best in the industry.
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Introduction

Digital markets are increasingly becoming relevant for the global economy and sometime
pervasive in citizens’ life. In 2017, more than 2.2 billion of users were active on Facebook
worldwide, 800 million of users were active monthly on Instagram, whereas approximately
117 million and 159 million subscribed to Netflix and Spotify. Facilitated by the diffusion
of the Internet and by the access to fast-speed broadband, the digitisation and the advent
of social network and applications have changed the way firms and consumers interact
in the market. Although it created new opportunities for many, it also posed new chal-
lenges for regulators, policy-makers, and ultimately consumers. For instance, ordinary
assessments of competition authorities such as the standard “market definition” may not
apply in most current digital markets where consumer face no monetary price on their
side (see e.g., Evans 2017, Wu 2018) and so new methods need to be identified. These
challenges are also exacerbated by the new opportunities for firms to rely on big data,
with potentially severe effects on individual privacy (see Acquisti et al. 2016 for a review),
and by the development of Artificial Intelligence and machine learning which may foster
collusive behaviour (see OECD 2017).

Against this background, this dissertation aims at shedding further light on the func-
tioning of digital markets and is rooted on the following three pillars: the presence of
cross-network externalities and the advent of multi-sided markets, the abrupt decline of
marginal costs stemming from digitisation, and the role of data. This introduction is
organised as follows: it first presents the three pillars and it then guides the reader to the

contribution made by each of the four research papers comprehended in this dissertation.

Cross-network externalities and multi-sided markets. In the last two decades,
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many traditional and digital markets experienced the entry of platforms, that is, match-
makers, enabling interactions between different groups of users and generating more ef-
ficient transactions. In the operating system industry, users could now interact with
developers and software producers via an operating system and enjoy the possibility to
install and use different apps. In the media market and social networks (e.g., Face-
book, Instagram, Twitter), advertisers were allowed to place their advertisements (ads,
henceforth) on platforms to catch their customer base’s eyeballs. In a similar manner, e-
commerce platforms (e.g., Amazon and Ebay) have become proper marketplaces not only
selling their own products to potential consumers but also offering access to competing
merchants in the same way booking portals have rendered possible the match between
travellers and hosts. Lending platforms have become popular as well with an increasing
number of transactions between borrowers and lenders. In the jargon, markets have be-
come multi-sided (see e.g. the literature pioneered by Caillaud & Jullien 2003, Rochet &
Tirole 2003, Armstrong 2006) and users started paying attention not only on their peers’
behaviour (network externality) but also on the number of users belonging to the group
they interact with. The valuable interactions generated by platforms between different
groups of users are therefore called cross-network externalities. For instance, advertisers
care about how many active users are daily available on social media and enjoy a positive
interaction when placing an ad, whereas users are more likely to prefer those booking
portals offering different options. These interactions may also be less appealing for some
users. Advertisements, for instance, are generally reported as a nuisance by users (An-
derson & Coate 2005) who may feel disturbed when too many ads are displayed when
watching a movie or navigating the Web.

A key feature of these multi-sided business models is that, by working as middlemen
between different types of users, platforms can manage their pricing strategies and inter-
nalise the cross-network externalities they generate. Due to these externalities, negative
prices are not necessarily a sign of predation. In practice, one group of users can get
free access or subsidised if belonging to the most elastic side of market, while letting the
platform charge more the group of users usually belonging the least elastic side of the

market. By the same token, the cost of joining a platform does not necessarily require a
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monetary compensation: non-monetary prices can take the form of data collection and
attention capture. It is a matter of fact that often users face no virtual price on their
side but their presence help selling information to other groups of users (e.g., advertisers).
This is, for instance, the business model behind successful platforms like Facebook and
Instagram, which work as “attention brokers” by making available user attention to adver-
tisers. To have a figure of this remunerative phenomenon, in 2017, digital advertisements
alone contributed to the digital economy with US 85 billion and these numbers are likely

to increase in the future.!

Near-zero marginal costs. A second feature that characterises digital markets is rep-
resented by the cost of serving several users. According to Waldfogel (2017), digitisation
of content has been associated with declining marginal costs and an increase in the num-
ber of content available. To produce a content, platforms (or generally firms) experience
some initial costs. Once produced, content can be released to several channels and to
different users at near-zero marginal costs. In the SVOD (streaming video-on-demand)
industry, platforms like Netflix face no extra-cost when an extra subscriber decides to
watch a content. What matters are those costs associated with running the infrastruc-
ture, maintenance, production and contractual costs (e.g., intellectual property rights)
as well as marketing. In the music-on-demand industry, royalties are a form of marginal
cost paid any time a content is listened to artists and record labels.? As matter of fact,
these costs are much lower than those associated with the production, promotion and
diffusion of more traditional supports such as CDs and DVDs. Yet, while helping these
platforms and content providers to emerge, near-zero marginal costs have also a dark side.
As they render reproduction and content sharing much easier, they have facilitated the
infringement of intellectual property rights and the emergence of the commercial side of

digital piracy adding thus insult to injury to the copyright holders.

The role of data. Data are often described as the new oil: they are both extremely

valuable and need to be refined before use. These, however, are somewhat different:

!See  Adage, December, 20 2017 http://adage.com/article/digital/iab-record-breaking-
year-digital-ad-revenue/311712/.

2The royalty rate changes between platforms. See e.g., DigitalMusicNews, November, 2 2017:
https://www.digitalmusicnews.com/2017/11/02/spotify-music-kickup-royalties/.
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data are inherently non-rival (Varian 2018) inasmuch their use does not inhibit other
people and companies’ use. The increasing number of interactions arising online and the
possibility to store larger amount of data at a very low cost have made data collection
extremely lucrative. Not only data brokers, which are specialised in this industry, but
many other digital companies collect, integrate, manage and monetise data in several
ways. Data, for instance, can be used to estimate the willingness to pay of consumers
and engage in price discrimination. Platforms can use data to provide more information
about their users to advertisers and ease micro-targeting and lower the probability of
wasted ads. For instance, in 2017, Google launched a joint project with Mastercard to
perfectly link ad viewings and exact online and offline purchases boosting advertisers’
revenues.? Big data can also induce algorithm learning and contribute to abatement of
costs (Belleflamme & Vergote 2018). Having a list of potential customers is also important
for marketing purposes and risk mitigation. For instance, content providers can use
data about subscribers’ preferences to produce new content and identify areas for future
investments. Insurance companies can use data on their potential customers to detect
potential frauds. Indeed, data can play an important role for firms’ strategies. Empirical
analyses have, for instance, shown that data-driven decision-making can generate up to 5-
6% more profits than expected using similar investments and technologies (Brynjolfsson
et al. 2011), whereas price discrimination based on personal browsing data could raise
profits by as much as 12.2% (Shiller et al. 2014). On the consumer side, the risk for
consumers are not easily identifiable. On the one hand, consumers can benefit from more
competition on the market, information sharing and tailored products. On the other
hand, especially vulnerable consumers may find themselves in a situation of imperfect
and asymmetric information and eventually be penalised when privacy is not enforced

(Acquisti et al. 2016).

The above three pillars guide the development of this thesis, which is structured as
a collection of four independent yet interrelated research papers, all dealing with digital
markets. The four papers follow two main lines. First, I deal with content provision

and a new type of digital piracy exploiting the multi-sidedness of the media market and

3See Bloomberg, August, 30 2018: https://www.bloomberg.com/news/articles/2018-08-30,/google-
and-mastercard-cut-a-secret-ad-deal-to-track-retail-sales
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near-zero marginal costs to study market- and policy-based tools to enforce intellectual
property (IP) protection. Second, I study the role played by cross-network externalities
in stimulating platforms’ investments and data monetisation, and in characterising the
contractual relationship between platforms and content providers when some of them are
pivotal.

As argued, the digitisation of contents has favoured the entry of new companies work-
ing as gatekeepers and has contributed to increasing the number of products that users
can access to; meanwhile, the presence of near-zero marginal costs has fostered a new type
of digital piracy via peer-to-peer (sharing) networks and for-profits content providers (also
called cyberlockers). Something like five million of British use pirated services to watch
movies and tv-series?. Chapter 1 and 2 delve into the problem of spreading digital piracy
in the Web with a new lens by tackling the commercial dimension enabled by pirated
services. While in the past, digital piracy was relegated to a user activity, it has now
turned into a business model which exploits the demand for free content by displaying
somewhat invasive ads to users. Because the price is perceived as a more salient attribute
than ads, pirate content providers make freely available content in violation of intellec-
tual property rights and earn illicit money by catering user attention to advertisers. As
a result, a double problem emerges for the society: besides infringing copyright protec-
tion and displacing the demand (and eventually revenues) of the copyright holder, pirate
providers make illicit revenues and cause concerns for national institutions.

In the last decades, scholars and practitioners have assessed the role of digital piracy
from several perspectives. In early 2000s, users could rip CDs and DVDs and download
music through sites such as Napster. Many scholars have tried to understand the best
strategies for content providers and firms to deter, block or even accommodate user-
generated piracy (e.g., Belleflamme 2003, Bae & Choi 2006). Others instead tried to
understand whether digital piracy could ultimately benefit the society by ensuring a
competitive threat to the otherwise only available monopolist (e.g., Yoon 2002) and the
potential benefit of experimentation for the copyright holder (Peitz & Waelbroeck 2006b)

and, eventually, artists (Piolatto & Schuett 2012). The commercial side of digital piracy

“See Yougov, April, 20 2017 : https://yougov.co.uk/news,/2017/04/20/almost-five-million-britons-
use-illegal-tv-streami/
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and the new challenges posed by streaming services have not undergone a throughout
examination, while increasingly worried international authorities (e.g., European Union,
Canada) started to introduce “follow-the-money” policies aimed at tackling this problem
and avoiding money going to copyright infringers.?

Within this framework, the chapter “Effects of ad-blockers adoption on digital piracy:
a blessing or a curse?” develops further the current literature by studying a different way
to potentially crack down commercial digital piracy and its eventual unintended effects.
By considering the streaming video-on-demand market, Chapter 1 studies competition
between the legal copyright holder (such as a Netflix) and a pirate content provider
illicitly offering the content for free but exposing its users to rather invasive ads.

The paper contributes to the understanding of the strategic interactions arising in this
peculiar market and the consequences of user adoption of ad-blocking technologies aimed
at (partially or fully) stopping ads. The adoption of ad-blocking technologies has gone
up increasingly in recent years and so have the losses for ad-based companies. However,
in a market where ads finance illicit revenues, the effect of ad-blockers is a conundrum.
On the one hand, if ads are stopped completely, pirate content providers may leave the
market or continue to infringe copyright without gaining anything from their activity (e.g.,
old generation of digital piracy). This case would indirectly accomplish the intention of
several authorities to curtail pirates’ revenues. On the other hand, if ads are stopped only
partially, users may find the piracy alternative more attractive displacing even further the
copyright holder’s demand. Hence, it would potentially increase pirate revenues and harm
the legal provider. This trade-off is analysed in turn. In modelling the activity of the
ad-blocker, which is assumed user-oriented, the paper makes also a contribution to the
recent yet limited literature investigating the impact of these technologies (Kraemer &
Wiewiorra 2016, Ray et al. 2017, Gritckevich et al. 2018). The paper studies a partially
user-oriented ad-blocker, which besides consumer welfare, cares also to some extent about
the sustainability of ad-sponsored companies. Depending on the above type, different
results can prevail. For instance, a full blocking strategy may eventually drive the pirate

provider out of the market without improving the condition of the copyright holder,

5The European Union published a “follow-the-money” Memorandum of Understanding to dissuade
advertisers concerned from placing ads on websites offering pirated material and curtail the revenues of
copyright infringers.
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whereas partial blocking may spur a pro-piracy effect. An important result is that the
adoption of ad-blocking technologies may represent a blessing or a curse for consumers, the
copyright holder and the authorities. For instance, authorities need to evaluate carefully
the use of this technology when setting up their anti-piracy policy. Moreover, the study
shows that, depending on whether the legal copyright holder acts as a leader or a follower
(to the pirate content provider), the ad-blocker technology can completely change the
strategic relationship between the subscription price set by the legal content provider and
the level of ads chosen by the pirate content provider. Indeed, ad-blocking technologies
can alter the nature of competition existing in the market and, in doing so, they may
create a negative spillover not only to those firms relying on ads (as the pirates are) but
also to their competitors following a different business model (as a legal subscription-based
firm).

Complementing the previous study, the second chapter, “Content providers in a multi-
piracy ecosystem” explores the competitive nature of commercial digital piracy by consid-
ering a market where a subscription-based legal content provider competes against many
pirate content providers. As marginal costs are near-zero, a content (e.g., a movie) can
be stolen and reproduced by several (competing) content providers. This phenomenon is
common in the streaming video-on-demand market, where users can find a movie either
on the subscription-based network or on several pirate websites and entry barriers for
copyright infringers are almost null. The economic theory on digital piracy so far lacked
in understanding how a subscription-based content provider competes with several pirate
alternatives and how the market interactions change when new pirate providers join or
exit the market. In a recent paper, Danaher et al. (2018) have shown that the shut-down
of a famous pirate website in Brazil, MegafilmesHD, led only some users to subscribe to
legal providers while other users simply changed pirate websites.

The paper digs into this issue by providing a comprehensive analysis of the strategic
interactions between a subscription-based firm and several pirates. A key feature of a
multi-pirate ecosystem, as the one this study introduces, consists on having decreasing
searching costs for a user to get on a pirate content provider. When a user looks for

an illegal content, she needs to use a search engine to find it. In most cases, this is a
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labourious activity, which requires effort and time. It follows that the greater the number
of pirate alternatives available on the Internet, the lesser will be the time spent by an
average user to access it. As search engines often base their algorithm on the basis of
the most searched or available content, for a user it gets easier to find the correct link
to the pirate websites when all alternatives are shown in the first pages rather than
in the following ones. Against this backdrop, the paper finds that when a new pirate
provider joins the market, it exerts a competitive pressure on the legal provider who,
in turn, reduces its price. This strategic effect generates a non-monotonic effect on its
user demand: it spurs a market expansion of the legal provider as long as the entry of
new pirates is not excessive (e.g., hump-shaped relation). Hence, there exist a certain
number of pirates that make the legal provider endogenously covering the entire market
and curtailing pirates’ profits. By contrast, in a large ecosystem, with several pirate
providers already in the market, the entry of the marginal pirate provider is such that the
reduction of searching costs outweighs the legal content provider’s price reduction. This
ultimately makes any pirate alternative more attractive.

The study also provides an answer to whether there is an optimal number of pirate
content providers that the copyright holder and the government would prefer to tolerate.
Previous studies, for instance, have shown that the social welfare can increase with digital
piracy (Yoon 2002, Minniti & Vergari 2010) but also benefit the legal copyright holder
(Inceoglu 2015, Kim et al. 2018) under some circumstances. These studies however do
not consider an entire piracy ecosystem where several different providers operate and the
eventual optimal number of pirate competitors. This is relevant as, ideally, a government
would prefer not to have any pirate provider operating and crack down completely digital
piracy. In practice, closing websites may be lengthy and costly: in Canada, for instance,
it could take up to 700 days and the litigation cost could hit as much as $ 338,000.5 In
tackling the issue of what should be an optimal number of pirate providers (when the
number cannot be zero), the study finds that the legal provider and the government would
unambiguously prefer to tolerate some degree of (commercial) digital piracy rather than

having a certain number of pirate providers left in the market without demand. However,

6See Truth on the Market, June, 11 2018. https://truthonthemarket.com/2018/06/11/canadian-
site-blocking-proposal-is-a-good-experiment-in-controlling-piracy/.
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a socially optimal level maximising the consumer surplus and the profits in the legal
economy would neither be compatible with the number of pirate providers that the legal
platform would prefer to let enter the market (i.e., the minimum) nor with the number
of pirate providers eradicating all illicit revenues from ads.

The next two research papers follow a different approach and model explicitly the
multi-sided dimension of the market and the crucial role played by cross-network exter-
nalities, which have been previously introduced. The third chapter, “Platform investments
in two-sided markets” explores the incentive for platforms to undertake investments and
the effect on prices depending on whether (some) users singlehome or multihome. Digital
markets are characterised by constant investments directed at improving the user expe-
rience while collecting crucial data for the platform. Value-increasing investments are
common in digital markets (e.g. better user experience, machine learning, wider com-
patibility and greater optimization of resources). This is, for instance, what “The Verge”
recently suggested about the Amazon Echo’s new skill “Look”. The tech magazine titled
“Amazon’s Echo Look does more for Amazon than it does for your style” as the platform
intended at providing users with comments on personal fashion styles while also gathering
important personal data and preferences.” Despite the continuous flow of investments in
this industry, most of the attention of the literature in Industrial Organisation has been
posed on investments undertaken on one side of the market (Belleflamme & Peitz 2010,
Lin et al. 2011) or on some specific industries (Njoroge et al. 2013, Casadesus-Masanell &
Llanes 2015, Thomes 2015, Li & Zhang 2016) with a little emphasis on how investments
impact on homing strategies. This is relevant as investments creating value to users can
be heterogeneous depending on how users perceive the interactions with the other side.
In filling this gap, the paper studies how investment generating a value for at least one
side of the market, where buyers and sellers operate, are passed onto prices and how dif-
ferent network configurations where buyers and sellers can singlehome or multihome can
finally affect the incentive to invest. The paper considers the competition between two
ex-ante symmetric platforms in two network configurations, considering the case where

(i) all users singlehome, regardless of the side, and the (i) competitive bottleneck, where

"The Verge, July, 6 2017. https://www.theverge.com/2017/7/6 /15924120 /amazon-echo-look-
review-camera-clothes-style
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buyers singlehome and (some) sellers multihome.

The paper shows that when sellers and buyers singlehome, the platforms fail to pass-
through their investments into prices and an Investment-Prisoner Dilemma may arise
unless the platforms are able to appropriate a sufficiently large component of the in-
vestment: platforms engage in an investment war but they finally end up lowering their
profits. This happens thus when platforms are not able to monetise their investments
through stock consolidation, eventual algorithmic learning, feedback. Furthermore, the
paper shows that when (some) sellers can multihome, three results emerge relative to the
case with singlehoming sellers. First, because of investments, more sellers decide to mul-
tihome relative to the pre-investment case. Second, because more sellers multihome, the
platforms can re-organise the pricing structure and increase the price on the multihoming
side of the market and a lower price on the singlehoming side of the market. Hence,
investments partly restore the bottleneck effect that exists in many but not all competi-
tive bottleneck environments whereby the multihoming side of the market is charged the
most (see e.g., Armstrong 2006, Belleflamme & Peitz 2018). In other words, investments
impacting on the seller side determine a price change from the buyers to the sellers re-
sembling the pricing strategy set by a monopolist platform. Finally, the paper shows that
the incentives to invest are higher for the platforms when sellers multihome and that the
Investment-Prisoner Dilemma can be averted with a smallest return of investments. For
instance, a direct return in the financial market from stock consolidation driven by the
investment decision is lower than the one required when all users single-home.

Last but not least, the fourth chapter, “Superstars in two-sided markets: exclusives
or not?”, studies the usual trade-off between exclusivity and non-exclusivity from the
perspective of an agent with market power and a large capture over the other side of
the market (i.e., Superstar) and its welfare impact. So far, the literature has provided
only a limited understanding of the incentives for a firms and platforms to sign exclusive
contracts with producers or providers in the upstream market (e.g., Armstrong & Wright
2007, Hagiu & Lee 2011, Chen & Fu 2017, Weeds 2016, Belleflamme & Peitz 2018),
overlooking the role played by agents with market power. Specifically, some aspects have

been neglected. First, users belonging to a group are not necessarily homogeneous. Some

10
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users may be more important than others. For instance, Superstar artists can be more
attracting than niche artists and this is also true in other digital and traditional markets,
such as the market for sport broadcasting (Juventus vs. low-ranked team), shopping malls
(luxury brands vs. other shops), clouding apps (Red Hat vs. other developers), etc..
Indeed, the study introduces heterogeneity in one side of the market by differentiating,
according to the value they cater on the opposite side of the market, between a Superstar
and a number of small firms. Second, it is usually assumed that platforms have the
power to set prices and offer contracts to users (Armstrong & Wright 2007, Hagiu & Lee
2011). In the paper, the platform(s) can set a price to consumers and, eventually, small
firms, whereas the Superstar has the power to make a take-it-or-leave-it offer to one or
both platforms. Third, some of the closest papers (Chen & Fu 2017, Weeds 2016) do not
deal with a two-sided market framework where different types of users are present and
enjoy their two-way interaction. Indeed, they overlooked an important aspect that this
paper presents. Specifically, it shows that a Superstar would find it optimal to sign an
exclusive contract with one platform whenever the competition in the downstream market
for consumers is sufficiently intense. This result is very close to that of Weeds (2016) but
this choice is explained by the presence of a novel effect that the paper presents, the ripple
effect: a domino effect triggered by an exclusive contract with the Superstar.

The paper indicates that the presence of a pivotal agent (i.e., the Superstar) on one
platform attracts more consumers on that platform and this demand effect is stronger the
lower the differentiation between the two platforms. Because many consumers move from
the rival platform to the one hosting the Superstar, also small firms respond to this market
asymmetry. Hence, more firms enter the market and more (small) firms join exclusively
the platform with the Superstar rather than multi-homing (as in the case with a Superstar
non-exclusive). The paper also discusses the desirability of exclusive contracts with an
agent with market power. Contrast to the conventional wisdom, these can be regarded
are a manifestation of the competitive forces in the industry as in many cases these are
the first-best in the industry. As a result, regulatory authorities (such as the Chinese
watchdog SAPPRFT) and policymakers should carefully evaluate any intervention in the

market as in most cases exclusivity can represent a first-best for the industry and ban on
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exclusivity may harm consumers and content providers.
Finally, in the conclusion, I provide a critical discussion of the main findings and a

research agenda for the near future.
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Effects of ad-blockers adoption on

digital piracy: a blessing or a curse?

1.1 Introduction

The growing digitisation of content has been historically pervaded by the presence of illicit
behaviours. In the past decades, software companies, major record labels, and blockbuster
producers were mainly concerned with consumers ripping CDs and DV Ds given their low
reproduction costs. With the Internet and the advent of peer-to-peer networks (such as
Napster) piracy went online. Users could now share their files with no or little copyright
concern.! Whilst these forms of user-driven piracy still exist and have been extensively
treated by the economic literature (Belleflamme & Peitz 2012, 2014, Gomes et al. 2015,
Belleflamme 2016), digital piracy has taken a big change becoming a lucrative business
based on revenues from advertisements. In recent years, a large number of platforms,
also called cyberlockers, have conquered the web, attracted by surprisingly high profit
margins and profitable advertising. While their initial purpose was not to host content in
violation of intellectual protection, something about 87.4% of the contents there hosted

ended up infringing copyright protection.? The most famous example was Megavideo,

!See Casadesus-Masanell & Hervas-Drane (2010a,b) and Klumpp (2014) for the analysis of the evolu-
tion of peer-to-peer networks.

2See The Digital Citizens Alliance’s Report on Cyberlockers, http://wuw.
digitalcitizensalliances.org/clientuploads/directory/Reports/cyberlockdoor.pdf.

13


http://www.digitalcitizensalliances.org/clientuploads/directory/Reports/cyberlockdoor.pdf
http://www.digitalcitizensalliances.org/clientuploads/directory/Reports/cyberlockdoor.pdf

CHAPTER 1

who made million from advertisements (ads) before its shut down by the US in 2012.3

These providers mediate the interaction between advertisers and users by illicitly offer-
ing popular content (e.g. movies, shows, tv-series) normally available on legal subscription-
based websites. By exploiting the two-sidedness of the media market, they maximise
user viewings to boost their advertising revenues and strategically compete with legal
providers. In practice, they imitate the functioning of SVOD providers by offering on-
line streaming at a lower quality and with invasive ads which have a little informative
content.* As the content offered by these websites violates intellectual property rights,
it creates a self-selection of advertisers: those advertisers usually concerned with brand
safety and which may be damaged from being associated with illicit content tend not to
show their ads on these websites, while malware and invasive ads are more likely to be
displayed.

In recent years, consumers have found new ways to protect themselves from such nui-
sance advertising: they can install ad-blocking technologies, that is, plug-ins or software
that can potentially block such unwanted ads.® The adoption of ad-blockers has gone
through a rapid growth in Western countries in recent years, with a growth rate of 30% in
2016 and 615 million devices blocking ads. Inevitably, it poses a threat to the survival of
sponsored-business models as it implies a loss of revenue for such firms, e.g. the estimated
loss in 2016 accounted for 20 billion of dollars.

The effect of ad-blockers on piracy, however, may not be so straightforward. By
operating on the level of ads, an ad-blocker may accomplish the public authorities goal
of reducing the money going to the pirate companies while being potentially beneficial
for consumers as reducing annoyance costs and the exposition to malware and virus. On
the other hand, it may increase the demand for piracy at the expenses of the copyright
holder. Motivated by above facts, we develop a game-theoretic model of the price-ads

competition between a legal and a pirate firm in the VOD market to examine the impact of

3United States vs. Kim Dotcom. Indictment, No. 1:12CR3 (US District Court for the Eastern District
of Virginia 2012).

4 As recently reported by Rafique et al. (2016) about websites offering illicit streaming of sport events,
these were “malicious in nature, offering malware (zero-day in one case), showing fake law enforcement
messages to collect purported fines, and luring users to install malicious browser extensions” (p. 2).

5For instance, security concerns related to the presence of virus and malware represented the main
reason to adopt ad-blockers along with unpleasant interruptions. See e.g. The PageFair, ‘‘The state
of the blocked web’”: https://pagefair.com/blog/2017/adblockreport/. (Accessed 2017).
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ad-blocker adoption on digital piracy. Whilst there is a small number of papers that study
the competition between legal and pirate firms (Rasch & Wenzel 2013, Chang & Walter
2015, Madio 2018), most of the literature in that field focuses on deterrence strategies and
user-generated piracy. Instead, ad-avoidance has been considered passively (Tag 2009,
Anderson & Gans 2011, Stithmeier & Wenzel 2011, Johnson 2013), with only few papers
studying the rules behind ad-blocking technologies (see e.g. Kraemer & Wiewiorra 2016,
Ray et al. 2017, Gritckevich et al. 2018).

We set up a simple model of platform competition with vertical and horizontal prod-
uct differentiation. We consider two markets: (i) a pre-adoption market, where a pure
price-ads competition takes place between the legal and pirate providers, and (ii) a post-
adoption market, where the legal firm sets its subscription price and the ad-blocker acts
as a gatekeeper controlling the ad flow shown to consumers. In our model, we consider
the early generation of ad-blockers, i.e. an user-generated ad-blocker (e.g. uBlock Origin)
concerned with the surplus accruing to consumers and protect them from data exploita-
tion, profiling, and invasive advertisements. We do not consider for-profits ad-blockers,
such as Ad-Block Plus owned by the German company Eyeo GmBH, which make revenues
from whitelisting a fraction of ads for large content providers.® The reason is that for-
profits ad-blockers normally whitelist those ads respecting some quality standards, which
are extremely unlikely to be satisfied on pirate websites.” Indeed, a profit-maximising
ad-blocker would not be able to whitelist any ad. A partially user-oriented ad-blocker
suits our economic environment well. The ad-blocker maximises the user surplus, under
the condition that profits of the ad-based company (i.e., the pirate website) are non-
negative. In other words, while caring mainly about consumers, this type of ad-blocker
also pays attention (to some extent) to survival of ad-based firms (as the pirate ones).
Furthermore, for each of the above cases, we consider two scenarios where (i) the legal
firm leads the game acting as a Stackelberg leader; and where (ii) the pirate firm (or the

ad-blocker replacing the pirate firm) leads the game by deciding first on the number of

5This approach is instead followed by Kraemer & Wiewiorra (2016), Ray et al. (2017), Gritckevich
et al. (2018).

"For example, Ad-block Plus, one of the most popular ad-blockers, created the “Acceptable Ads
Initiative” to allow advertisers and publishers who have agreed to make ads that abide by user-generated
criteria to be whitelisted”. The “Acceptable Ads initiative” defines unacceptable pop-ups, pop-unders,
rich media ads, pre-roll video ads and other invasive forms, which are all common on pirate content
providers. See https://adblockplus.org/acceptable-ads.
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ads. Considering a sequential structure of the game helps one to understand the strate-
gies followed by the legal content provider, how it reacts or anticipates changes in the
decisions undertaken by its competitor, and indeed whether it prefers to be the leader or
the follower. For instance, Netflix follows piracy websites when purchasing series®.

We show that, whilst absent ad-blockers, price and advertisements are strategic com-
plements, the mere adoption of an ad-blocker changes the nature of strategic interactions
between the legal and pirate providers (now replaced by ad-blockers) on the basis of who
moves first. In the presence of a partially user-oriented ad-blocker, when the legal provider
moves first it treats price and ads as strategic substitutes: anticipating the reduction in
the level of ads shown to pirate customers, the legal firm raises its subscription fees in
an attempt to make up for the loss in its demand. This result is due to the fact that,
in contrast to the pirate firm who operates on the elastic portion of the pirate demand,
the ad-blockers chooses the level of ads on the inelastic portion. Thus, we find that the
legal firm’s demand is adversely affected by the presence of ad-blockers - in this sense,
the ad-blockers generate a pro-piracy effect! In contrast, in the presence of a partially
user-oriented ad-blocker, when the legal provider moves second, it treats price and ads
as strategic complements (as in the pre-adoption game). In this case, not only that the
legal firm enjoys a second movers’ advantage in the pre-adoption game, it now charges
an even lowered price compared to the pre-adoption scenario, a strategy which is clearly
in contrast to the case where it moves as the leader. Regardless of who moves first,
the ad-blocker always reduces the pirate’s profits down to zero, thus cracking down the
commercial dimension of digital piracy.

A rather important result we highlight is that ad-blocking technologies not only impact
on the number of ads (and aggregate revenues) of those websites following a ad-based
business model but, because of competitive forces, they generate a cascade effect on other
firms following a different business model (subscription based). This should clearly taken
into account by public authorities.

We further extend our analysis to consider a fully user-oriented ad-blocker, which
is concerned only with the user surplus. For instance, uBlock Origin, a fast-growing

ad-blocker, emerged as “pure”’ alternative for the discontents of the “Acceptable Ads”

8See BBC http://www.bbc.co.uk/news/technology-24108673.
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programme?, is an open-source software refusing donations to avoid the alteration of its

user-oriented goals. We show that this type of ad-blocker pursues a full blocking strategy
where all ads are blocked. Given that ads are the sources of revenues for the pirate firm,
this can make pirate firm exit the market depending upon whether it incurs any fixed
costs of production or not. Absent any fixed costs, the pirate firm can passively exist in
the market without earning any profits and providing an imperfect alternative of the legal
product free of charge and ads. In this case, the ad-blocking software stops piracy from
having a commercial nature, redistributing their (profit) surplus from the pirate provider
to consumers. The market in this case remains fully covered and the mere adoption of
ad-blockers forces the legal provider to reduce its price to mitigate the pro-piracy effect.
As demand and prices are impacted adversely, this is a curse for the copyright holder!
More interestingly, we find that the presence of fixed costs for the pirate firm bestows
a monopoly position to the legal firm, there remains a significant portion of unsatisfied
consumers who refuse to buy the legal product. Ad-blocker adoption is certainly a curse
for the pirate provider and for consumers who no longer have an alternative

The rest of the paper is structured as follows. Section 1.2 provides a review of previous
analyses; Section 1.3 presents our model. Section 1.4 considers the game where the legal
provider is the Stackelberg leader where we separately analyse equilibrium outcomes for
the pre-adoption market and the post-adoption market. In section 1.5, we reverse the
order of the move where the legal provider acts as the Stackelberg follower and analyse
equilibrium outcomes separately for the pre-adoption and post-adoption markets as in
section 1.4. In section 1.6 we extend the model to the case of fully user-oriented ad-
blocker. Finally, Section 1.7 concludes the paper. Except for the small proofs, all proofs
are relegated to the appendix which also contains derivations of expressions for consumers’

surplus for sections 1.4 and 1.5 .

9See “The state of ad-blocking” http://www.upa.it/static/upload/com/comscoreesourcepoint/
comscoreesourcepoint.pdf.
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1.2 Related Literature

Digital piracy has been extensively analysed in the economic literature. The early genera-
tion of studies dealt mainly with deterrence strategies undertaken by firms and authorities
and the effect of digital piracy on the social welfare. For instance, in Belleflamme (2003),
a monopolist had to decide whether to block, deter or accommodate user piracy, while in
Yoon (2002), digital piracy can increase the social welfare depending on whether there is
a problem of underproduction or underutilisation. Among the effects of digital piracy Bae
& Choi (2006) show that, by introducing competition in the market, digital piracy can
lead to a market expansion for a legal company because of the strategic effect on its price.
More recently, Halmenschlager & Waelbroeck (2014) study whether and to what extent
online free music streaming services (e.g. Spotify, Deezer) can effectively fight digital
piracy. They find that “Freemium” strategies, offering a menu of ad-sponsored music and
ad-free music, can help fighting digital piracy and substitute strong copyright protections
whenever the number of restrictions imposed on the ad-based service is limited.

The present paper is very close to the literature on competition and digital piracy.
Inceoglu (2015) shows that, under some conditions, piracy can benefit an incumbent firm,
preventing the entry of other competitors. Herings et al. (2010) consider the case of a
physical product competing against a digitalised version available in a peer-to-peer net-
work, in presence of taste heterogeneity, network effects and endogenous pricing strategies.
Minniti & Vergari (2010) observe that the effect of digital piracy on the social welfare
depends on the market coverage of the peer-to-peer network. On a somewhat different
note, in a two-sided market framework, Rasch & Wenzel (2013) study the effect of piracy
in a vertically differentiated market with the illegal and legal software, developers and
consumers. They find that the effect of piracy on profits and prices can be ambiguous
and generate a misalignment of interests depending on whether providers are compatible
or not.

One clear limitation of most previous papers is not considering the strategic inter-
actions arising between legal and pirate providers. The literature is limited to a few

contributions. Chang & Walter (2015) consider the competition between a legal firm
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and a for-profits peer-to-peer network making revenues from ads. Differently from ours,
they restrict the attention to the pirate choice of quality rather than on the strategic role
of ads. They show that, under certain conditions, the legal firm may not be negatively
impacted by digital piracy. In a closely related work, Madio (2018) introduces a price-ads
competition between a subscription-based legal (dominant) provider and a number of ad-
based pirate content providers. The author shows that the legal provider can monopolise
the market in a sufficiently large pirate ecosystem.

A number of studies look at digital piracy from an empirical perspective. Danaher
et al. (2010) use a quasi-experiment to assess the effect of the NBC’s decisions to remove
its content from iTunes finding an increase of 11.4% in the illegal downloading of the
company’s content. Peukert et al. (2017) find that while box offices revenues for popular
movies increase after the shut-down of Megaupload, these were impacted negatively for
small and mid-range movies. Still on Megaupload, Danaher & Smith (2014) find that
the US court order to close the popular cyberlocker led to an increase in digital revenues
by 6.5-8.5%, while Danaher et al. (2018) explore the consumer traffic diversion resulting
from anti-piracy measures in Brazil. In the latter study is shown that some users simply
moved to other pirate websites, while only a small portion turned out subscribing to
legal providers such as Netflix. Similarly, Poort et al. (2014) study the effect of The
Hague Court’s decision of blocking The Pirate Bay, a pirate website using the BitTorrent
protocol, on the percentage of other unlicensed platforms. They find that downloading
remained constant (a relapse effect), with no blocking effect.

This paper also relates to the recent theoretical and empirical literature on ad-avoidance
and ad-blocking technology adoption. Tag (2009) consider a monopolist deciding to offer
an ad-free option to its users at a cost. When this happens, all consumers exposed to
ads and not paying for the option experience an increase in the quantity of ads shown to
them. As a result, this lowers the consumer surplus and increases profits of the media
firm. These results are similar to Anderson & Gans (2011), who provide one of the first
analyses on ad-blockers, showing that when consumers deviate from ads by purchasing
an ad-blocker at a low price, the content provider reacts by increasing the level of ads

for those users not adopting the technology, ultimately generating a circulation spiral
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and exploiting less ad-sensitive customers. Johnson (2013) model the strategic interac-
tion between consumers and a firm who chooses the level of ads and the ad-avoidance
strategy. He shows that, from a social perspective, consumers underutilise ad-blocking.
Bounie et al. (2017) study the effect of ad-blockers on publishers’ ads strategies. They
demonstrate that the number of viewable ads needs to be lowered to deter the consumers’
(costly) adoption of ad-blockers. These works, however, assume that ad-blockers are pas-
sive, blocking all ads. Only recently some authors started discussing an active role for ad-
blocking technologies by considering their business model. Kraemer & Wiewiorra (2016)
investigate the profitability of an ad-blocker technology and its welfare consequences by
considering two cases: (i) strategic whitelisting, with the ad-blocker available for free
to users and which makes revenues from content providers by strategically whitelisting
some ads, and (ii) selling to software to the users with a perfect blocking. The authors
show that whitelisting some ads increases profits but lower the total surplus relative to
a full-blocking ad-blocker who is sold to the users. These two strategies resemble the
two equilibrium (partial and full blocking) strategies arising from our analysis, with the
difference of considering a user-oriented ad-blocker such as uBlock Origin and a market
(digital piracy) where any whitelisting is inhibited by the invasiveness of the ads shown to
consumers. Also Ray et al. (2017) study the pricing strategies undertaken by ad-blocker
platforms to users and content providers allowing for whitelisting fees, free whitelisting
and whitelisting rewards. The authors show that the pricing structure is crucial to enable
interactions among users and advertisers and find that paying users for being exposed to
ads can be socially optimal. Gritckevich et al. (2018) study the functioning of ad-blockers
in a dynamic flavour, showing that the optimal business model depends on the economic
value of ads and the heterogeneity of the customer base relative to their sensitivity to
the ads. All these papers, however, only consider for-profits ad-blockers, neglecting the
impact of commonly used user-generated tools and their strategic decision. In the only
empirical paper investing ad-blocking instead, Shiller et al. (2018) assess the effect of
ad-blocker adoption on websites’ revenues. They find that ad-blocker adoption generates
both reduction in revenues as a consequence of blocking ads and a significant reduction

in the traffic (with a marginal effect of 0.67%), undermining investments and websites’
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quality in the long-run. Their conclusion that ad blocking poses substantial threats to

the ad-supported web is in harmony with our theoretical results.

1.3 The Model

We consider a fully covered market for piracy competition with vertical and horizontal
product differentiation (see also Herings et al. 2010 and Chang & Walter 2015). For the

sake of simplicity, we treat the market as one-sided abstracting from network externalities.

1.3.1 Users’ Utility

Let v denote the standalone utility of visiting the legal provider (henceforth LP) repre-
senting the quality of the information good shown on this provider; and let v(1—a) denote
the utility of visiting the pirate provider (henceforth PP) where the scalar a, a € (0,1),
captures the degradation costs as in Bae & Choi (2006), since the pirate version is an
imperfect substitute of the original product. For a — 0, the quality of the pirate version
approaches the original content, whereas for a — 1 the quality gets poorer. Degradation
costs for the pirate providers (also called cyberlockers) can be associated with the absence
of subtitles, inferior video-quality, as well as with the difficulties to find movies dubbed
or subtitled in languages other than English (American or British).

The potential users are uniformly distributed along a line of unit length as in a tra-
ditional Hotelling-style spatial model, where x represents their ‘location’ along the line.
The opportunity cost of ‘travelling’ is 7, the horizontal product differentiation parameter,
and it is linear in distance. The providers are located at the extreme ends of the linear
city: the legal provider is located at ‘0’ and the pirate provider is located at ‘1’. To ac-
cess the LP, users must pay a subscription price p, while the pirate service is offered free
of charge. However, there are certain other frequently encountered non-monetary costs

associated with the pirate alternative, e.g.:

1. Search costs: There are certain search and learning costs for getting to the (appro-
priate) pirate provider that we denote by the parameter s. The search cost arises as

the link to the provider hosting the pirate content is provided by different (indeed
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thousands of) third party websites which create a (sort of) catalogue of all available

pirate movies.!?

2. The annoyance cost: Annoyance costs arise due to too many advertisements (‘ads”
for short) being shown on the PP. Such advertisements, exhibiting porn, dating,
betting and online poker websites or exposing users to malware and fake software,
while make the business sustainable in the absence of subscription fees, are often
invasive for users requiring them to constantly close pop-ups and pop-unders. This
creates huge amount of annoyance for the users. To capture such increasing level of
annoyance, we assume that the annoyance cost function I'(A) is a quadratic function

of the number of ads (denoted by A) given as below:

A2
F(A) = 7?7 7>0

where v, the annoyance cost parameter, is assumed to be the same for the entire

population.

When the market is fully covered, the utility of a user is:

v—p—TX, if going to the LP
U, = (1.1)

v(l—a)—s— 7’472 —7(1 — ), if going to the PP

Contrary to Chang & Walter (2015), where the level of advertisements is exogenously
given, in our model, the pirate provider can decide on the level of advertisements to be
shown on its website without any physical constraint. This is because when cyberlockers
stream the movie, users are often exposed to mid-roll ads interrupting their viewing,
contrary to Chang & Walter’s model where users are exposed to ads only for a limited
time whilst downloading a movie. Likewise, such ads usually take the form of pop-ups

and pop-unders, thus going beyond the dimension of the browser window.

O0Third-party websites work as middlemen between the user and the illegal content. Sometimes a
specific content is present in multiple illegal hosting networks and third party websites gather all these
information, even by providing alternatives to link previously blocked by authorities. Thus, the user
usually spends time (searching cost) to get to the pirate streaming hosting network. In our model, these
are taken as exogenous.
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1.3.2 Demand

The market share of each provider is determined by solving the following marginal con-

sumer’s problem:

2
v—p—r:z::(l—a)v—s—%—T(l—w).

Hence, the demands are given by:

1 av—p+s A2
= 1.2
2 + 2T + 4t (12)

LP: Dip=x=

1 av—p+s A2
PP. Dpp=1-w=-— .
pr YT 2 AT

(1.3)

1.3.3 Providers and their payoff functions

The Legal Provider

The legal provider maximises profits by choosing p. We assume that whilst the
marginal cost of producing the original information good is zero (e.g., Waldfogel 2017),
there is a fixed cost F' associated with its production e.g. producing the original content
(e.g. Narcos in Netflix), buying temporary or exclusive property rights and such. Thus,

the LP’s payoff function is:

I,p=pDrp—F (1.4)

It is easily verified that the above profit function is continuous and concave and hence

twice differentiatble.
The Pirate Provider

The pirate provider maximises profits through a sponsored-business model by deciding
on the amount of advertisement A to be shown on the consumers’ screen. The model
works just like a standard price competition model, as the willingness-to-pay for movies
of consumers is monetised via ads. The revenue per ad, r, is exogenous to the pirate firm,

which has no bargaining power vis-4-vis the advertising industry.
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We assume that the PP can incur some fixed costs K for running the pirate provider,
K > 0, although its marginal costs (i.e. the cost of uploading the movie) are set to zero.

The profit function of the PP then is given by:

pr = (TA)DPP - K (1.5)

The Ad-Blocker

If ad-blocking is adopted, the ad-blocker (henceforth AB) decides on the “acceptable”
level of advertisements to be shown on consumers’ screen i.e the ad-blocker replaces the
PP by making PP take a back-seat position.

We assume that the “partially user-oriented” AB maximises the consumer surplus
under the condition that the pirate firm’s profits be non-negative. This constrained op-
timisation problem allows us to verify whether partial blocking can be an equilibrium
strategy and its consequences on the strategies pursued by the legal content provider.
Moreover, this represents a realistic case as some ad-blockers do not always block all ads
shown on the user screen. The justification of this assumption is that some ad-blockers
can indeed be concerned with the effects of its adoption on ad-sponsored firms, which in
our ecosystem are only represented by the pirate provider.!!

It is important to note that the behaviour of the AB in our model is clearly different
from that of a typical welfare-maximiser authority who normally considers the payoffs
of all economic agents in the market'?. Our approach is consistent with the growing
concern arising in the advertisement-based industry regarding the economic consequences

of ad-blockers adoption.

1.3.4 Types of Games

We consider a sequential-move game between the LP and the PP (or the AB). The LP

moves first deciding on the price p, and the PP (or the AB) moves second choosing A

1Tn our model, we do not endogenously consider the quality of ads. We assume that advertisers and
pirate providers cannot secure the 'whitelist’ by simply paying a license fee to the AB.

2For example, Lopez-Cuflat & Martinez-Sanchez (2015) use a semi-welfare function consisted in the
consumer surplus and the profits of the legal firm. However, they show that similar results apply, even
when the welfare function also contains the profit surplus of pirate firms.
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after observing p. In Section 1.5, we relax this assumption and let the LP act as a follower
and deciding on p, after observing the level of A.

Furthermore, for each type of the above game, we consider two different market scenarios:

e The No-AB game. This is the pre-adoption market where the LP and the PP
engage in a sequential-move price-ads competition with no ad-blocker adoption. We

call this the “No ad-blocker adoption” game (the “No-AB game”, in short)

e The AB game. This is the post-adoption market where the ad-blocker replaces
the PP game and takes charge on the level of ads to be shown on consumers’ screen.

We call this the “Ad-blocker adoption" game (or the ‘AB game” in short).

The following assumption ensures that the results of our model are real-valued:
Assumption 1. 7 > av + s

Assumption 1, other than ensuring tractability of the model, implies that the mere
presence of search costs and the quality degradation do not discourage consumers from
watching movies on the pirate provider as the opportunity costs of attending a certain

provider can be high.

1.4 The Legal Provider as a Leader

1.4.1 The No AB Game

In the second stage of the game, the PP maximises the following function:

1 av+s—p ~A?
Mpp = {7 _ _ } A—K, 1.
g ler 2 2T ar J" (16)

and sets

2(1 — (av + 5) + p) }1/2

A(p) = { 3

(1.7)

Note that we do not consider the negative value of A.'3. Hence, we make the following

observation:

13 Assumption 1 suffices to ensure that A(p) is real. Note that the second order condition (SOC) is
negative, i.e. 73’;‘% < 0. Hence, concavity requirements are satisfied.
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Observation 1. Absent ad-blocking technology, increases in the parameter values of ~y
(annoyance cost), s (the searching costs), and a (the quality degradation parameter), lower

the (optimal) level of advertisements for a given p.

The above results are immediate comparative static results. By the same token, we

can provide the following lemma:
Lemma 1. Advertisements and prices are strategic complements.

The co-movement of prices and advertisements indicate that a reduction in the price
charged by the LP forces the PP to strategically reduce the level of advertisements so
as to combat the business stealing effect coming from the legal provider. Similarly, an
increase in the LP’s price switches demands from the LP to the PP prompting the PP to
4

place more ads on its platform.!

In the first stage of the game, the leader solves the following problem (from equation

(1.4)):

1 - A?
maXHLPZ{*nLaU—FS L }P*F
P 2 2T 4T

(1.8)

2(1 — (av + s) + p) }1/2

subject to  A(p) = { 3
g

As a result, the Nash value of p, denoted by p; (where the subscript [ denotes the leader)

is derived:

N s+ av
D=7+ 2 )

A1 — (av + s) }1/2

A% no. = {
FlnoaB 3

(1.9)

and Ay is determined by appropriate substitution. Note that the subscript ‘f” denotes
the follower.

Thus the optimal price charged by the LP equals the Hotelling transportation cost
(opportunity cost to join the platform) plus a mark-up that is directly proportional to
the magnitude of the quality degradation parameter and the searching cost. One impli-

cation of this result is that the official anti-piracy measures that attempt to block illegal

MTLemma 1 is no longer be valid for analyzing the behavior of the LP (as a Stackelberg leader) when
ad-blockers are introduced! See the subsequent analysis.
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websites by raising searching costs, actually enable the LP to further increase its price!'
Furthermore, as a — 1 (other things being equal) making pirate movies increasingly poor
substitutes of the legal version, the LP exerts its market power to the fullest extent charg-
ing the highest possible price: lim, 1 p =7+ HTU On the other hand, for a — 0, when
both versions of the movie are almost equal qualitatively, the LP is forced to lower its
price as the competition gets fierce i.e. limg op =7 + 3.

Given the optimal price and number of ads, equilibrium demand and profits are as follows

1 av+s 2 av+s
Dip=— Dop=1—Dp =—- — 1.10
LP 3+ 6r PP L=3 or ( )
* :M_F I :2_r(4T—(av+s)>A*_K
L 127 ’ PP =3 o7

As in a traditional leader-follower price game, moving first penalises the LP in terms of

demand, i.e., D} p < Dpp since

* *
Dip—Dpp =

1 av+s <2 av—i—s)_ 7 — (av + s)

— - — 1.11
3 + 6T 3 67T 3t <0 ( )

as the numerator is positive by Assumption 1.

1.4.2 The AB Game

Consider the scenario where consumers switch on ad-blockers. In the real-world, whilst
ad-blockers can block ads (fully or partially), they first need to be downloaded and enabled
by users. In our model, we assume that all consumers (who are taken to be homogeneous

with respect to all relevant parameter values) always switch on the AB whenever this

B Despite the fact that we consider exogenous searching cost, these can be influenced by anti-piracy
policies operated by governments. Enforcing the removal of some contents (making the magnet link no
longer available) without fully blocking the access to the pirate platform is common in the presence of
copyright infringements. In these cases, the pirate content is temporarily removed and uploaded elsewhere,
with a different magnet link. However, third party websites linking to the content might not promptly
update their pages to the new hosting link, increasing, indeed, the searching time for the users. In some
other cases, when the legal hosting platform does not remove illicit materials, some broadband companies
might inhibit the access to their customers, inducing pirate users to search for other streaming sources.
e.g. Sky Broadband in the UK blocked the access to Rojadirecta (a platform streaming football matches),
PopcornTime (providing access to tv-series) and many other websites under the order of the High Court.
See: https://www.sky.com/help/articles/websites-blocked-under-order-of-the-high-court.
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option is available.'® as long as the post-adoption level of ads is lower than that in the
pre-adoption case. However, this need not be so - see our discussion in the conclusion.!”

With the adoption of an AB, the role of the pirate firm is minimised: it is now the
AB who is solely responsible for determining the number of ads to be filtered through the
website. This makes the PP a completely passive player.

The AB maximises aggregate consumer surplus with a non-negativity constraint on the

ad-sponsored firm’s (the PP in our model) profits:

max CS=CSrLp+ CSpp
A (1.12)

subject to Ilpp >0

where the consumer surplus derived from the legal and pirate providers denoted respec-

tively by CSrp and CSpp are'®:

DLP 1 A2
C’SLP:/ [v—p—mz}dm; CSPP:/ [v(l—a)—s—L—T(l—x) dz;
0 Drp 2

where Dpp is given by (1.2) and IIpp by (1.6). The Lagrangean for this problem is
L=CS+ Mlpp

where A > 0 is the Kuhn-Tucker multiplier. The necessary (K-T) conditions for a maxi-

mum are as follows:

L oL 008 Ollpp
—— = < >
i) 9A 9A + A 94 <0, forA>0
Zl) )\pr = 0, for A Z 0
(1.13)
1 av+s—p A2
= — = —_ — — — >
iti) Ipp = DpprA — K {2 = = }rA K>0

16Note that this decision does not imply consumers do not see any ads. This means how many ads
they have to endure now depends on the AB’s decision.

17 In the piracy ecosystem, it is reasonable that a user with a certain level of familiarity about illegal
strategies to find a movie would not find that many problems in installing a simple and often free of
charge AB.

18See the Appendix for derivations of the consumer surplus.
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Let the elasticity of the pirate demand Dpp with respect to A be n4, i.e. 4 = %
and note that the sign of 14 is negative since dDpp/0A = —%. Results of the above

maximisation problem vary depending on the value of the PP’s fixed costs as analysed
below.
Case (i) No Fized Costs (K=0). Suppose that the fixed costs for running the pirate

provider are absent, i.e. K = 0. We then have:

Proposition 1. Whenever K =0, the AB always sets A* = 0 thereby driving the pirate

provider’s payoff down to zero.

Proof. See Appendiz.
Absent any fixed costs, the AB always drives the pirate’s payoff down to zero by
following a full-blocking strategy. In this case, the PP exists only passively without

making any positive profits.

Case (ii) Positive Fized Costs (K > 0). First, suppose the cyberlockers encounter
positive fixed costs for running the platform. The following proposition not only shows
that, in the presence of K > 0, the AB chooses a positive level of A, but more importantly,
it highlights the optimal advertising rule employed by the AB in choosing a particular

value of A*.

Proposition 2. When K > 0, AB sets A such that (i) A* is strictly positive; (i) llpp = 0
(the constraint binds); and (iii) A* is chosen over the inelastic portion of the pirate

demand curve Dpp.

Proof. See Appendix.

Whilst the AB does allow some advertisements to go through on the pirate content
provider, it chooses just enough to make the pirate payoff go down to zero whilst gen-
erating positive demand for the pirate provider (note Dpp must be positive in order to
satisfy the non-negativity constraint on the pirate payoff). At the same time, the AB
chooses A* > 0 in such a way that any change in A is not outweighed by the correspond-
ing change in demand. This is because the optimal level of A*|4p is chosen within the

interval (0, A*|,,oap) where A*|,,ap is obtained where |n4| equals 1 (see Figure 1.1). We
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Dpp

na =0 § Drp = 5[(r+p) = (av +5)]

1/2

= 2]"°[(r +p) — (av + 5)]

A

A*|aBik>0 A%|no—an Ma =0
Figure 1.1: Pirate provider’s demand

The figure shows how the the AB sets the level of ads over the inelastic portion of the pirate demand
curve. Absent AB, the pirate provider instead sets a level of ads such that |na| = 1.

also note that the strategic complementarity between p and A is no longer relevant for
the AB implying that the adoption of AB now changes the nature of competition between

the legal and the pirate providers.

In the first period, given that the optimal level of advertising can differ starkly de-
pending on fixed costs, it is useful to carry out the analysis of this stage for different
values of A’J'Z| ap as below.

Case I: Full Blocking (A% ; = 0). This case prevails if K = 0. In the first stage, the
LP maximises profits subject to A%z = 0.

The following proposition shows even with a monopoly position, the LP may not be

able to exercise its market power, and in fact ends up making lower profits than in the

case when it competes with the PP directly as a follower.

Proposition 3. When ad-blockers fully shut-down advertisements,

(i) The price charged to LP users pf|ap = w 1s even lower than the pre-adoption
case; i.e.
t av + s av + s
P laBa=0) = 7t < P lnoa =7+ 5

(ii) The demand faced by the LP, and the profits earned by the LP are lower than that
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in the pre-adoption case i.e.

1 av + s 1 av+s

D * = — D = —
LPlaB(A*=0) y + m < DrplnoaB 3 -

* *
U7 pias <Iippmoan

Proof: See Appendix.

When there are no cost for the pirate providers, full blocking can create unintended
effects of the copyright holder. This happens because it creates a pro-piracy effect: the
demand for the LP is reduced relative to when AB is not used by consumers. Given full
market coverage, this result implies that the pirate platform expands its demand despite
not making profits from ads. In this sense, the pirate provider simply survives and divests
its commercial nature. In other words, a PP gets closer to the early-generation of peer-to-
peer networks, i.e., users were sharing copyrighted materials for purely altruistic reasons.
Moreover, the legal provider suffers as forced to reduce its price further, thereby lowering

its profits. All in all, AB adoption is a curse for the LP.

Case II: Partial Blocking (A% ; > 0) This case prevails when a “partially user-oriented”
AB pursues a constrained maximisation problem in presence of positive fixed costs (Propo-
sition 1). In this case, the LP maximises profits subject to A% 5 is such that |n4] < 1 and

IIpp = 0. As a result, we can derive the following Lemma:
Lemma 2. With ad-blockers adoption, the LP treats p and A as strategic substitutes.

Proof: See Appendix.

As the AB chooses A in the inelastic portion of the PP demand to maintain IIpp = 0,
this changes the strategic interactions between PP and LP. This is a clear difference with
respect to the pre-adoption game case. In the latter scenario, prices and ads were treated

as strategic complements. Moreover, the FOC of the LP’s problem can be represented as
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follows:

ollp 1 av—p+s A2 1 ~AJA
= - —— 4+ ———7,=0 1.14
dp 2 + 27 + 47 +p 2r 27 Op (1.14)
Dy,
1 ~vAdA Dpp
Dip=pd_ 12942 «_ P
= LP p{27_ 2 8]7} = i {L_ﬂ%}
27 27 Op

The above equation implicitly determines the equilibrium value of p;|4p. The following

proposition provides a comparison with the pre-adoption market.

Proposition 4. The equilibrium values of i) A*| ap is lower than that in the pre-adoption
game set by the pirate provider independently: A*|ap < A*|noar %) pf|aB (chosen by the
LP) is higher than that in the pre-adoption game: pj|aB > Df|noaB and iii) the demand

faced by the LP is lower than that in the pre-adoption game: D} plap < Dj plnoAB

Proof: See Appendix.

1/2
Corollary 1. The Nash value of A*|sp|x>0 € <0, {%ﬁfﬁ)} ) .

Thus, Proposition 4 and Corollary 1 indicate that ad-blocker adoption has a pro-piracy
effect: it increases the demand for the pirate content provider at the expenses of the legal
one. The mere adoption of ad-blockers by consumers amplifies the substitutional effects,
shifting part of the pre-adoption demand of the copyright holder to the pirate competitor,
which becomes more attractive because of fewer ads. The presence of substitutional effects
arising with piracy is not new in the economic literature, with piracy usually displacing
the demand for the original product when not working as sampling (Peitz & Waelbroeck
2006a).

In this specific case, ads are reduced to the extent that they still preserve the existence
of the pirate provider (IIpp = 0). However, it still generates negative externalities (loss
of demand) for the legal incumbent: a curse for the copyright holder and the pirate
provider. The actual impact of adblocking adoption on the profitability of the legal
platform, however, is ambiguous as the LP can actually increase its price and compensate
for lost demand. Given the generic functional form, we are not able to provide a closed-

form solution which clarifies the overall effect on profits.
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This result has however two rather interesting implications. First, there is a redistri-
bution of surplus from both providers to the (pirate) users: they benefit from fewer ads.
Second, ad-blocking can be an effective way to reduce the flow of money going into ille-
gal segments. A blessing for a government concerned willing to reduce pirates’ revenues

without creating a monopoly in the SVOD market.

1.5 The Legal Provider as a Follower

In this section, we consider the scenario where the pirate provider PP (or the ad-blocker -
see below) acts as the leader and the legal content provider, after observing the behaviour
of the PP (or the AB), moves as the follower. Previous papers on piracy and on leader-
follower game have shown that the incumbent prefers to act as the leader under all different
anti-piracy systems (Banerjee 2003), whereas Martinez-Sanchez (2010) has shown that,
under price-competition, the government lets the legal incumbent decide on whether to
act as a leader or as a follower depending on the magnitude of the piracy monitoring cost.
In our model, we do not consider the intervention of the government. Instead, we rely
only on the presence of an ad-blocker to reduce the flow of invasive ads.

As with legal provider acting as a leader, we compare pre- and post-adoption of AB.
However, as the LP’s move is common to both scenarios, we do not need to make any
distinction between the pre-adoption and post-adoption strategies of the LP.

Specificaly, by acting as a follwer, the LP solves the following problem

maxIly;p = pDrp—F
P
1 av+s—0p 7A2}
= 9= - F
{2+ or 1 ar P
The FOC then yields:
stav471  A®
p(A) = L= (1.15)

2 4
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1.5.1 The First Stage
The No-AB Game

In the pre-adoption case, the PP chooses its optimal level of advertisements incorporating

p(A) in the first period:

s+av+T1 A’y
_|_

mjnxﬂpp = DpAr — K s.t. p(A) = 5 1

oo 42 (1.16)
:{ T—2(av+5s) — 7 }AT’—K
81
From the FOCs, we obtain
1207 = (av +5))\ 12
Ay = i{ 5 } (1.17)

As before, we restrict our analysis only on the positive root. All equilibrium values are
summarised below (where the subscripts ‘I’ or f denote the values for the leader and the

follower respectively). All the rest of the Nash equilibrium values are as follows

(av + s) . 2(37 — (av + 8)) /2
P}:TJFT, l|noAB:{ ~ } :
The demand shares are
. 1 av+s « 1 av+s
Dip=5+—%— Dipp=5— 5 (1.18)
and equilibrium profits are
" (37 + av + 5)* . 3r—(av+38)Y .
PZfILP:18—T—F’ l|PP:{6—T}7'A ’AB—K (119)

Given the above results, we can provide the following observation.

Observation 2. Absent ad-blocking technology, the PP sets a higher number of ads when

moving as a leader than when moving as a follower, i.e.,

. B {2(37’—(av+5))}1/2 . B {47—(av+s)}1/2
llnoAB 3y flnoAB 3y :
Game B Game A
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From the above observation, it immediately follows that the LP obtains a second-

mover advantage relative to when it acts as a leader as shown in the following observation.

Observation 3. Absent ad-blocking technology, the LP charges a lower price and faces

higher demand by acting as a follower i.e. p;‘c =7+ (cw:;l-S) <pr=r1+ (aUQ‘*‘S) ; D;|LP =

%ﬁs + ; > D1*|LP = “f‘é‘:s + % Profits are higher when moving second, i.e. H}|LP =
2 2

W+15+2T) > HZ]LP = w whenever Assumption 1 holds.

The AB Game

The ad-blocking technology decides how many ads to show to consumers. In doing so,
it maximises consumer surplus paying attention not to shut down the ad-based market.

Hence, it solves the following problem

s+av+T1 A?
LA

2 4 (1.20)
IIpp > 0.

cs .t. =
mgx S P

Again, this is solved by deriving the Kuhn-Tucker conditions for a maximum (see the
Appendix). As when the LP acts as a leader, results vary depending on whether K > 0
or K = 0. What is important to note here is that whilst the way the AB chooses its
advertising strategy is similar in fashion as in Game A, the optimal level of A* itself is
now different especially when K > 0. Interestingly, whilst the AB does not deviate from
its rules of functioning, regardless of whether it acts as the follower or the leader, the
LP’s strategies differ depending upon who makes the first move. More specifically, when
the LP moves second after observing the level of ads in the pirate segment, it no longer
treats p and A as strategic substitutes as it did when LP is a market leader. In fact, it
reverts to treating p and A as strategic complements. The following proposition gives the

results of this game.

Proposition 5. With K > 0, the ad-blocker sets A such that (i) A* is strictly positive;
(it) Ilpp = 0 (the constraint binds); and (iii) the equilibrium value of Al’\ g fr~o chosen by

the ad-blocker is less than the equilibrium A chosen by the PP in the pre-adoption game

2(37—(av+s)) }1/2 _

(i.e. when PP is the leader) i.e. Al’yp rr~o < Alyoap = Al x>0 < { 3
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T\noAB' However, the LP charges a lower price in the presence of an ad-blocker than

‘ ' +
without i.e. p;|AB < p}\noAB =7+ w

Proof. See Appendiz.

The above analysis shows that whilst the AB never acts strategically, the LP certainly
does. As a result of reduction in the volume of ads to be shown to consumers, the LP
reacts by lowering its price in order to combat that attraction of using the pirate platform.
More importantly, the LP’s strategic behaviour varies depending upon whether it moves
first or second where in the former the LP treats p and A as strategic substitutes while
in the latter it treats them as strategic complements. This is because when moving as
a leader, the LP can anticipate the non-strategic behaviour of the AB who lowers the
level of ads regardless. Consequently, the LP attempts to prevent its loss of revenue
by raising its price, although the overall effect on the legal platform’s profits however
remains ambiguous. On the other hand, while acting as a follower, the best the LP can
do is to react to the level of advertisements chosen by the AB which then gives him a
(second-mover’s) advantage as it can then set a lower price in response to a lower value

of A. However, despite enjoying a second-mover advantage, the LP suffers the most.

1.6 Extension

1.6.1 Fully User-oriented AB

In this section, we consider a “fully user-oriented” ad-blocker pursues an unconstrained
maximisation problem, whereby it merely maximises the consumers’ surplus. The AB
here is considered to be fully user-oriented as it does not take into consideration the
impact of its optimisation strategy on the PP’s payoff i.e. such an AB cares only about

the well-being of the consumers. Our results are presented below.

The legal provider as a leader

Consider a fully user oriented AB, who simply maximises the aggregate consumer surplus
without paying any attention to the existence of ad-sponsored firms. I.e. the AB simply

chooses A to maximise the aggregate consumer surplus without any restrictions on the
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PP’s payoff. The problem of the AB is simply to solve maxs CS. This leads to the

following proposition.
Proposition 6. Regardless of the value of K, a fully user-oriented AB blocks all ads.

Proof. See Appendix. O

Proposition 6 illustrates some interesting results: when the AB cares only about con-
sumers’ welfare, it follows a full-blocking strategy and obscure all ads (A% 5 = 0).

Absent any fixed costs (K = 0), the pirate firm can "theoretically" maintain a passive
status where it advertises nothing and earns nothing. In this case, the equilibrium demand
faced by the LP is now even lower relative to the pre-adoption market despite the price
reduction: a pro-piracy effect. Consequently, it earns even less payoff compared to the
pre-adoption market. As a result, AB adoption is a curse for the LP and the pirates,
whereas it represents a blessing for all consumers. This happens because those consumers
who subscribe to the LP benefit from a lower price, whereas those going pirate benefit
from the presence of no ads.

On the other hand, the presence of positive fixed costs may generate some unintended
effects for a user-oriented AB. Specifically, when not anticipating the effects on the market
structure, A* = 0 implies a foreclosure of the pirate provider, who then makes negative
profits and exits the market. Anticipating this, the LP may want to monopolise the
market by setting its maximum price. Clearly, this translates in a welfare loss for many
consumers as those joining the LP face a higher price and the others refrain from joining
the LP perhaps because they would rather endure some advertising costs. The well-
intended purpose of an ad-blocking technology to maximise consumer surplus then ends
up lowering their surplus and changing the market structure. Indeed, a curse for the
consumers. However, such a detrimental effect for consumers can be mitigated if the
user-oriented AB can anticipate such an effect. In the latter case, for any given K,
A*(K) can be set at the lowest possible level to drive pirate profits to zero making the
pirates indifferent between staying in and leaving the market. As a result, a fully user-
oriented AB turns out to behave the same way as a partially user-oriented AB (as in the

benchmark model): digital piracy is partially boosted, thereby damaging the copyright
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holder.

The legal provider as a follower

Noteworthy, the above discussion also apply when the LP acts as a follower. In this case,
in the first stage of the game, the AB maximises max4 C'S by choosing how many ads
to display on pirate consumers’ screen. In this case, the first order condition leads to
83%9 < 0 for A > 0 where the derivation of %(’Y—f is provided in the Appendix. Again, the
only equilibrium solution is A* = 0,'°. As a result, there are two outcomes. When K = 0,
the PP remains active and generates a pro-piracy effect. In this case, p and Dy, are given
by w and %4— %ﬁs(< 1) respectively. A curse of the LP. Else, when K > 0, the LP
can act as a monopolist after observing the PP going out of the market. Hence, there is
partial market coverage and consumers suffer from AB adoption. Again, a user-oriented
AB may anticipate the detrimental effects on the market configuration and set a level of
ads such that the pirate CP remains active. As a result, this would mitigate the market
power of the copyright holder while providing a pirate yet cheaper alternative to final
consumers.

The above observation along with the fact that results might be sensitive to the pres-
ence of fixed costs for the pirate platforms inspire the following comments. Specifically,
one can argue that LP may have some incentives to impact the pirate firm’s fixed cost
K by undertaking actions that enables the LP to secure a better position in the market.
This is because when the PP has some fixed costs, AB adoption makes digital piracy not
sustainable. A potential way to increase PP’s fixed costs is represented by anti-piracy
measures adopted by policy-makers. Hence, the copyright holder may start lobbying
national authorities to enforce more effectively copyright protection and seizing pirate cy-
berlockers. While seizing a website is often difficult in practice, national authorities can
implement high sanctions for those cyberlockers hosting copyrighted material without
authorisation. The probability of being detected coupled with a sufficiently high sanction
can be regarded as a fixed (expected) cost incurred by the PP when maximising its profits.

For instance, suppose that fixed costs are such that K(G¢), where G is the amount of

1/2
19 Ty see that, note if A is to be positive then A = {M} which is obtained by setting

% = 0 which does not satisfy the SOC.
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the fine chosen by the government for those infringing property rights and ¢ € (0,1) the
probability of being detected. It follows that, for a strictly positive probability of being
detected by the authority and for a strictly positive fine (i.e. K(.) > 0), the adoption
of fully user-oriented ad-blocking technologies prevents consumers from having a cheaper
(although illegal alternative) but does not impact on the strategies followed by the legal
platform. As a result, the adoption of fully user-oriented AB can lead to unintended

effects for the consumers without improving the condition of the copyright holder.

1.7 Concluding Remarks

This paper provides a novel contribution to the literature on digital piracy consistent
with the current evolution of the Internet and the diffusion of the SVOD market. Our
paper sheds light on the effects of ad-blocking technologies in an environment charac-
terised by ad-sponsored platforms. Our results build upon some important and growing
concerns about the recent trend of ad-blocker adoption. By directly damaging the ad-
vertising industry and lowering the viability of sponsored-business models, the adoption
of ad-blockers generates indirect effects on other business entities thereby altering the
functioning of the entire digital market.

We have shown that, depending on the objective functions of the ad-blockers, very
contrasting outcomes can prevail with severe consequences on the market structure. We
have also shown that when ad-blockers maximise consumers’ surplus subject to the non-
negativity constraint on the pirate platform’s profit, not only does it lower the pirate
platform’s profit down to zero (though not necessarily inducing complete exit of the firm),
it also generates negative spillovers on the legal competitor by displacing its demand (the
pro-piracy effect). However, a surprising result here is that the adoption of ad-blocking
technologies turns out to changing the way platforms react to the flow of ads. Specifically,
our findings show that, when the LP moves first, it anticipates the ad-blocker intervention
by increasing its price (strategic substitutability), whereas it treats the ads and the price
as strategic complements after observing the ad-blocker decision, when it moves as the
follower. On the other hand, when the ad-blockers fully shut down ads, this can lead

to different results depending on whether pirate providers face some fixed costs. The
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presence of fixed costs make the pirate business model unsustainable thereby leading to
the exit of the market of the pirate provider. As a result, the legal provider can act as a
monopolist and leave some consumers without alternative. A blessing for the copyright
holder and a curse for consumers.

Our results are also consistent wth the general concern in the advertising industry
regarding the adoption of ad-blocking technologies. In a recent empirical paper Shiller
et al. (2018) find that "ad blocking poses a substantial threat to the ad-supported web".
Ironically, this turns the duopoly market into a monopoly one, where only the legal
platform operates. In this case, as if the legal platform leaves some customers unsatisfied
as it can never cover the entire market despite the reduction in its subscription fee to the
consumers. Such outcome not just arises from the nature of the price-ads competition
but is also due to the externalities arising from the adoption of ad-blockers itself.

On the video-on-demand sector like the one we have analysed in this paper, the
presence of an illegal alternative poses a competitive threat to the legal firm, preventing a
price hike to the monopolist level. Indeed, implementing policies leading to the subsequent
exit of the pirate firm making piracy non-viable may not necessarily be the best policy.
From a managerial point of view, however, given that we find that in a price-advertisement
competition the adoption of ad-blockers is likely to magnify the substitutional (pro-piracy)
effect by displacing the demand for original products, particular attention should be posed
on the quality aspect. Specifically, legal platforms should try to differentiate their services
relative to cyber-lockers and hosting networks as much as possible by providing better
quality and features that are difficult to replicate e.g. user-friendly interfaces, multiple
subtitles, wish-lists and such. It seems that Netflix would pursue such strategy by allowing
for interactive movies. This strategic differentiation is crucial for those video-on-demand
providers for fostering growth other than just using pricing strategies to deter piracy.
Alternatively, such strategic differentiation could also take the form of measures devoted
to increase consumers’ search costs for pirate firms. Overall, ‘mild’ anti-piracy policies
that do not fully shut down piracy, are perhaps preferable.

Our results have important policy implications for designing suitable anti-piracy mea-

sures. Depending on the perspective and the goal of anti-piracy measures (i.e. cutting
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pirate demand or reducing its revenues), ad-blockers can either be regarded as a "blessing"
or a "curse". If the anti-piracy measure is targeted towards cutting pirate demand, the
government should focus on e.g. increasing search costs for users by seizing websites and
hosting network whilst still keeping piracy ‘alive’ instead of allowing ad-blockers to induce
complete shut-down of pirate firms which endows monopoly crown to the legal firm. The
latter perspective of ad-blockers adoption can be regarded as a curse! Conversely, if the
objective is to block the flow of money into illegal firms, ad-blocker adoption can be seen
as a "blessing" as it can lead to zero (or lower when the constraint is not binding) profits
earned by pirate firms.

All these findings strongly recommend that both the government and the legal firm
should carefully address the presence of this plug-in tool in designing their anti-piracy
measures and their managerial strategies as the effect might not be unidirectional. Along
with this, limiting the ads flow toward pirates by acting on the advertisers’ side of the
market, as recently solicited by the Police Intellectual Property Crime Unit (PIPCU) in
the UK, might help to disrupt their ads revenues. However, such policies are likely to
bring about effects on "reputational" ads (which might pass the ad-blockers’ test) but not
on those ads aiming to track consumers’ behaviours, extort clicks and download malware,
which are usually shown on pirate platforms and on which ad-blockers mainly work.
Indeed, ad-blocking technologies might accomplish the public purpose of "following" and
"stopping" money going to potential criminals behind pirate platforms.

Whilst we think that our model provides novel insights into the functioning of the
video-on-demand market by examining the effect of ad-blockers adoption and its rele-
vance in today’s anti-piracy policies, there still remain a few limitations that need to be
addressed in future research. Firstly, consumers in our model are treated homogeneously
in terms of their annoyance costs whereas in reality these can differ. Adopting a hetero-
geneous consumers approach will be a meaningful extension of our model. Secondly, we
have assumed as if there are no costs involved in switching ad-blockers on as consumers in
our model always turn on ad-blockers whenever this option is available. However, there
may very well be some installations costs involved e.g. looking for the best ad-blockers,

installing it or simply being worried about privacy and data extraction, involved with ad-
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blockers adoption. Hence, it will be important to analyse the implications of our model
in the context of costly ad-blockers adoption. Thirdly, we mainly considered that ad-
blockers are benevolent and care primarily about consumers. Whilst this was indeed the
original purpose of many ad-blockers, some others (e.g. Ad-Block Plus) started making
some profits by relying on donations and strategic whitelisting (Kraemer & Wiewiorra
2016). The presence of donations proportional to the consumer surplus generated in the
economy however would not change our results, but simply scale them. Regarding "for-
profits" ad-blockers, because ads in pirate platforms are invasive and less likely to respect
any reasonable requirement set by the "Coalition for Better Advertisements" or by the
"Acceptable Ads Initiative" launched by AdBlock Plus, it would be unreasonable to con-
sider (illegal) content providers to pay for whitelisting their invasive ads. Fourthly, while
this paper contributes to studying the strategies pursued by the ad-blockers, further re-
search need to be carried out to assess how different business models behind ad-blocking
technologies are likely to affect the market structure and compete for user adoption.
Further research would also be needed to incorporate network externalities and consider

competition among catalogues, as suggested by Belleflamme (2016).
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Appendix

Derivation of CS and its derivate in the sub-section 4.2.1

The total consumer surplus C'S = CSpp + C'Spp. The surplus of consumers joining the

legal firm:

2

(2(av —p+s+7)+v4%)2  2(av—p+s+7T)+ A2

- 327 + ir (v=>p)

DLp 2
CSpp = / [U—p—TﬂJ]dl‘:—ﬂ+$(U—p)
0

Similarly, the surplus of those consumers joining the pirate firm:

CSpp = /1 [v(l—a)—s—w_r(l—z:)}dx

Drp 2
2 2
T ~vA 1
- 7+m((1—a)v—s——2 — ) L v pes, 2a2

which implies that CSpp = F(1) — F(Drp), where

F) = 2+ ((1_a>v_s_f242_7)
F(Drp) = ( = p+25 WA)T+(;+av;5+3+7ﬁ2)((1_a)v—s—;12—7

The partial derivatives

(7) The partial derivative of C'Sfp with respect to A is:

oCSrp Avy(4v — v A% — 2(1 +p) —2(av + 9))
oA 8T

(77) The related partial derivative of C'Spp with respect to A is

dCSpp OF(1)  OF(Dpp)

0A oA  0A

43

)



CHAPTER 1

and subsequently by:

aCSpp A~ (6(av +38) +3A%y —2(p+T) — 4v> (A-2)

0A 8T

Using equations (A-1) and (A-2), the derivative is:

oC'S 7A(A27+2(CLU+S)*2(]?+T)) 7A (A—3)
= & ——Dpp
0A 8T 2

Proof of Proposition 2.

First, note that with K > 0, A* cannot be zero to ensure IIpp > 0. Hence A* > 0. Second,
we cannot have A = 0 because, when A = 0, the FOC reduces to g—ﬁ = 83% = 0 (since
A > 0). Also note that IIpp > 0 implies that Dpp > 0. Since 8807}? = —%Dpp <0& A*

must be zero. Hence, a contradiction. It then follows that the constraint must bind, i.e.

IIpp =0.

Finally, he FOC is g—ﬁ = %C—AS + )\agﬁp = 0. Since %C—AS <0, agi” must be positive,

with A > 0. Thus we have,

ollpp dDpp
9A = T{A 9A —|—Dpp}>0
0Dpp/Dpp
= rD — 41 1
rDpp 9AJA +1p >0&|nal <
T
<

It then implies that the AB chooses A* over the inelastic part of the demand curve. W

Proof of Proposition 1.

First, note that the PP’s profit now is Ilpp = rAD,,. Next, we show that the constraint

must bind in this case. Suppose not, suppose that the constraint does not bind i.e. A =0

so that IIpp > 0 implies that A > 0, which in turn means that g—ﬁ = %%}q = 0 must
hold. Also note that I[Ipp > 0 implies Dpp > 0. But, because %C—AS = —%Dpp < 0,

there is a contradiction and A must be zero. Therefore, the constraint must bind i.e.

A>0=1IIpp =0. Now, IIpp = 0 can be satisfied either with A =0 or A > 0. Suppose
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A > 0, it follows that Dpp = 0. However, because with A* > 0 and A > 0, the FOC is

A o1l
7Dpp A 8;” —0

oL _acs  ollpp _
oA~ 9A T 9A T

Now with D, = 0, the above reduces to Ma[ip =0=r {Aagip + Dpp} = 0 implying

Aagjp = 0 which can hold only with A = 0. |

Proof of Proposition 3.

(1) Straightforward differentiation of II;p with respect to p yields, p/|ap = T+(“2”+S)

which is clearly less than p*|,,a = 7+ %‘FS The resulting market share of the LP

av+s

is Dppjap = 4 + < 1 since 7 > av + s by assumption 1.

.. * o (T+(av+s)) o (2T+(av+s))2 *
(%) W pjap,a=—0 = g0 FandIlp, o ap = oy L Hence, Iy pyp eg 2

(<)HEP|noAB according as whether

3(T+(av+s))2 > (<)2(27’—|—(av+5))2

or according as whether V3 (7 4 (av + 5)) > (<)V2 (27 + (av + s))

which then further simplies to
(av + s) (\f— \@) > ()T (2\/5— \/§) = 0.318(av +s) > (<)1.17

Given that 7 > (av + s) (Assumption 1), it is then obvious that 7 prap as—o <

H*

LP|noAB* u

Proof of Lemma 2.

First, write the optimal A* as a function of p i.e. A(p). Hence, the pirate’s demand
Dpp = Dpp(p, A(p)) suppressing other parameters from the demand function. Totally
differentiating IIpp = rA(p)Dpp — K = 0 with respect to p and A(p) to obtain:

0A 0Dpp 0Dpp A
{Dppa dp+A< ap dp + 94 op d)} 0

45



CHAPTER 1

The above expression can be simplified as

oD 0A
AR L 22 sy Dpp =0
8p 8]) ——
S~—— >0
>0
HA A%Zee

Jdp
S T R |
dp Dpp{l+n4}

where the fact that {1 + n4a} > 0 follows from the AB’s optimisation problem in the

second stage - see the proof of Proposition 2. Hence, p and A are treated as strategic

substitutes. [ |

Proof of Proposition 4.

(4)

(iii)

To show that A*|apjx>0 < A*[noan, note that in the pre-adoption game, the PP
chooses the level of A, taking p as given, where the elasticity of Dpp with respect
to A is exactly equal to 1. To see that, re-write, the PP’s maximisation problem

as: maxg llpp =rADpp(A,p) — K. The FOC is given by

T {AaDPP + Dpp}

dDpp/Dpp|
2 o {1 i),

9A/A

ie|nal = 1

Whereas, the AB sets the level of A such that 4| < 1 (see the proof of Proposition

2). Therefore, given the shape of the demand curve, it follows immediately that

A* ‘AB|K>0 < A” |noAB-

Since the LP treats A and p as strategic substitutes in order to incorporate the
AB’s behaviour in the 2nd stage of the game, it then follows that LP sets a higher
price in the post-adoption market (with K > 0) than it does in the pre-adoption

market.

Coupled together, these two effects imply that the LP’s demand is lower when
users adopt the AB technology, i.e Drplap < Drp|noan since 0Dpp/0A > 0 and
ODpp/0p<0. N
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Derivation of CS and its derivatives in the sub-section 5.2.1

CS =CSpp+ CSpp where

2
z’T F+EgEE I
CSrp = —7 +CC(U —p) o

Using p = % + ATQW in equation (1.17), then

2 2(av+s+‘r)+’yA2
8T

T s+av+T1 A%y
R
Lp g T\ 2 1 /o
2
2
B _(2(av+s+7‘)+’yA> +2(av+s+7)+'yA2 _S+CLU+T_A2’7
- 1287 87 ! 2 1
Next,
2T ~A? 1
CSpp = -5 + a:((l —a)v—8s— . T> stavternyiqaz = F(1) = F(Dr) where
8T
A2
F(1) = v(l—a)—s—%—% and
(2(av + 5 +7)+7A%)?2  2(av+s+71)+ A2 yA?
F(D = 1l—q)—sg—7—
(Dr) 1287 * 87 vl -a)=s ==
The derivatives
(i) The partial derivative of C'Spp with respect to A is:
9CSLy  TA(8v =107 = 10(av + 5) — 574?) (Ad)
0A 327
(73) Next, the partial derivative of C'Spp with respect to A is:
o0spp  1A(TAZ + 14(av + 5) — 187 — 80) (A-5)
A 327
Combining equations (A-4) and (A-5), then:
A( A2~ 14742
ocs VA T+ 2(av + s) N
oA 167 (4-6)
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Proof of Proposition 5.

Part (i) and (ii) of this proof i similar to that provided in the proof of Proposition 2
and hence are not repeated. To prove that A|%p oy < Al 45, note again from the

FOC that 965 + \2EE = 0 = ZUEE > 0 as 993 < 0. ZUEE > 0 then yields [fa| < 1,

where 74 now denotes the elasticity of the "reduced form" demand faced by the AB

(i.e. after incorporating the second stage best response function p(A)). Since, in the pre-

1/2
(= {M} ) where [fj4] = 1, hence it

adoption game, the PP chooses A} 3y

leader
follows immediately that Al% 5 o < Al},45- Given that LP acting as a follower treats
p and A as strategic complements, it sets a lower value of price compared to the one in

the pre-adoption game where p =7 + % u

Proof of Proposition 6.

By maximizing consumer surplus only, there are three candidate solutions: A;(p) = 0,

1/2
Agy3(p) = i{w} / . Suppose not. Suppose A* > 0. Then,

0CS Ay 9 B « _ [2(7+p)—2(av+ )\ 1/2
But at this value of A*, the SOC does not hold as 8;% Ax = %:2 > 0 implying a

minimum! Hence, A%z must be = 0. Similarly, A cannot be negative, therefore A% 5 =0

always. H
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Content providers in a multi-piracy

ecosystem

2.1 Introduction

In the media market, digital piracy is a worldwide and long-standing problem. In 2016
approximately 53% of US citizens used illegal content providers (LaunchLeap 2017). The
attractiveness of digital piracy can be easily comprehended: it provides a cheaper yet
less perfect alternative to the costly original product. In the streaming video-on-demand
(SVOD) market, users not willing to subscribe to a legal content provider can find easy
ways to stream a content online. These pirate services (also called cyberlockers) are very
common: they passively mimic the functioning of any legal provider and benefit from a
network of third-party websites providing a direct link to their content.

Relative to the past, this type of digital piracy presents some novelties and poses new
challenges. Firstly, not only does it constitute a problem for the copyright holder by
displacing some of its demand, it also raises the problem of how to stop this lucrative
activity. The reason why this is problematic is that while a few decades ago digital piracy
was mainly user-generated, with users copying or downloading copyrighted content for
their personal use, nowadays pirate providers monetise user eyeballs by exposing them

to advertisements (ads, henceforth). In practice, pirate websites act as intermediaries
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between users demanding free content and advertisers with no or limited attention to
brand safety when placing an ad on illegal websites (Rafique et al. 2016).! Coupled with
the growing relevance of the online advertising industry and the popularity of on-demand
content, piracy has become utterly profitable. For example, Megaupload, the most famous
cyberlocker, made millions of dollars from ads before it shut down in 2012.2

Secondly, for each content (e.g., an episode of House of Cards), a legal provider com-
petes against a large number of small cyberlockers (DCA 2017a). These cyberlockers
attract less traffic than tech giants (e.g., Netflix) and are not able to individually chal-
lenge their incumbency. Yet, at the aggregate level, they constitute a multimillion pirate
ecosystem based on copyright infringement.? In 2016 alone, about 1 billion of movies and
tv-shows were pirated, causing pirate websites (including all types, e.g., cyberlockers, tor-
rent, etc.) revenues from advertisements to soar to nearly US$ 209 million and enabling
them to make extraordinary profit margins, e.g., 86-93% (Creativity & Entertainment
2017). Nevertheless, the competitive nature of digital piracy has often been overlooked
within the economic theory. The early literature on digital piracy has focused mostly on
deterrence strategies and the welfare implications of the threat of online piracy?, whereas
only a limited number of studies has dealt with the strategic interactions between the
content providers (Chang & Walter 2015, Datta & Madio 2018, Rasch & Wenzel 2013).

Thirdly, pirate providers compete with one another for user attention. On the one
hand, these providers compete to attract the legal provider’s users. On the other hand,
they compete with one another to attract their rivals’ turf. The previous literature lacked
in understanding the strategic interactions arising in the pirate ecosystem and how these
impact on the legal provider’s strategies.

Moreover, a non trivial problem is embodied in the searching costs. Pirate providers

'In the UK, the City of London Police’s Intellectual Property Right Unit provides to copyright owner
a list of websites where not to place ads. However, this novel “follow the money” initiative can only
work with advertisers concerned about brand safety but not with malvertisers. A similar approach is also
followed by the European Union with policies aiming to dissuade large-scale intellectual property rights
infringments with some positive effects (Batikas et al. 2018).
For the EU ‘“follow the money’’ policy: https://ec.europa.eu/growth/industry/intellectual-
property/enforcement_en. (Accessed 2017).

2United States vs. Kim Dotcom. Indictment, No. 1:12CR3 (US District Court for the Eastern District
of Virginia 2012).

3DCA (2017b) collected data regarding 15 streaming cyberlockers, accounting for a total of 103 million
monthly visits and estimated average monthly revenues of 103.000 US dollars.

“See e.g., Banerjee (2003), Belleflamme (2003), Belleflamme & Picard (2007), Peitz & Waelbroeck
(20064,b). For a survey, see Belleflamme & Peitz (2012, 2014).
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are not easy to find online for the typical everyday user: it requires surfing different pages
on a search engine to find the correct magnet link. This is a somewhat annoying yet
labourious activity. In a pirate ecosystem, however, searching costs can be dwindled.
When the number of pirate alternatives increases, the number of websites associated with
a certain keyword (e.g., “streaming movie XYZ") increases and so the number of potential
matches in the first pages of a search engine. As finding a pirate website becomes quicker
the more pirate websites are in the market, searching costs impact less on users’ utility,
and the attractiveness of pirate websites increases.

This paper incorporates the above features to study the strategic interactions between
legal and pirate providers and how the two types of content providers react to changes in
the pirate ecosystem. A pirate ecosystem can be altered in several ways. A new pirate
provider can enter the market and offer the same content available on other pirate and
legal websites with potentially ambiguous effects. On the one hand, a new entry increases
the competition in the market. On the other hand, it reduces searching costs in the pirate
ecosystem. A pirate ecosystem can also be altered by the intervention of authorities when
seizing websites and enforcing the law. Similarly, the competition in the pirate ecosystem
might get fiercer as pirate content providers are more substitute from the user perspective.

We present a simple model where a dominant firm (i.e., the legal provider) competes
against several pirate providers. Using the Salop model with a centre (see e.g. Bouckaert
2000), we assume that all pirate providers are uniformly distributed on the perimeter of a
Salop circle whereas the legal provider is located at the centre.® Both types of providers
give access to the same content but with a different quality: the pirate content is of
an inferior quality. Users can either subscribe to the legal provider or be exposed to a
nuisance from ads displayed on the pirate websites. Pirate users bear two other types
of non-monetary costs: the transportation costs, capturing the degree of substitutability
among the pirates, and the searching costs. As we discussed above, searching costs are
concave and decreasing: the larger the number of pirate content providers in the market,
the fewer the time spent by the users to access their content.

We find that searching costs are crucial for this market. An (inverted) U-shaped

5 Throughout our analysis, we will refer to the SVOD market. The setup can also be applied to other
markets where several pirate alternatives have a commercial nature (e.g., music industry).
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relation exists between the demand of the pirate (legal) provider and the number of pirate
providers in the economy. One may think that more piracy would impact adversely on
the legal provider. Instead, because of the searching costs, the legal content provider only
suffers in a sufficiently large pirate ecosystem, whereas it displaces pirate demand when
the number of pirate rivals is small enough. The mechanism works as follows: when the
pirate ecosystem is small, the marginal pirate exerts a competitive pressure over the legal
provider which replies by reducing its subscription price. By strategic complementarity,
the pirate incumbents react by reducing the flow of ads displayed to consumers. However,
the price reduction outweighs the reduction in the number of ads and the legal platform’s
demand can increase despite the larger pirate ecosystem. This happens as, in a small
piracy ecosystem, the marginal pirate provider has a small impact on the attractiveness
of piracy. Differently, in a sufficiently large pirate ecosystem, piracy gets more attractive
as searching costs are abated significantly with entry: pirate providers can expand their
market shares, thereby causing a pro-piracy effect.

An immediate consequence of the above discussion is that the legal content provider
can be put in the condition to serve entirely the market for an intermediate dimension of
the pirate ecosystem. In other words, it is possible that pirate content providers simply
become inactive divesting their commercial nature. This scenario would accomplish the
purpose of (endogenous) curtailing pirates’ revenues while reducing the market power
of the copyright holder. However, it would not be preferred by the legal provider who
would instead prefer to serve fewer users by charging a higher price and compete with
commercially active pirate providers than monopolising the market at a very low price.
A limit pricing strategy would hurt its profits. Interestingly, absent any fixed cost for the
pirate providers, this would represent an equilibrium number of pirate providers. This
happens as this point, pirate provider would stop entering the market and be in the
condition of making zero-profits.

In section 2.6, we expand the model towards the case where searching costs are ex-
ogenous. The presence of a pro-piracy effect (expansion of the pirate ecosystem) only
depends on the vertical differentiation between the legal and the pirate providers. In this

case, both types of content providers are negatively impacted by any entry. In section
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2.7, we delve further into the analysis of the interactions among the pirate providers. A
user, for instance, may not have strong preferences for a specific pirate provider and be
almost indifferent between two of them. In this case, the enhanced competition in the pi-
rate ecosystem will damage all pirate providers and, because of the strategic interactions
arising in the economy, also the legal provider will be harmed.

The remainder of the study is structured as follows. In section 2.2, the relevant
literature is reviewed. In section 2.3, the preliminaries of the model are presented while
in the following section we derive the equilibrium outcomes. In section 2.5, we study the
effect of entry in the pirate segment, while the effect when searching costs are exogenous
is discussed in the following section. In section 2.7, the analysis of the effect of a fiercer
competition among the pirates is presented. Finally, in section 2.8, some concluding

remarks are presented.

2.2 Related Literature

This paper stands in parallel to the recent literature on commercial digital piracy and
on spatial competition. Regarding the first stream of the literature, few papers are con-
cerned with the new type of digital piracy. Chang & Walter (2015) consider a legal
provider competing against a peer-to-peer network, which relies on revenues from ads
and chooses the quality of the content. The number of ads, however, is not set by the
pirate provider. The authors show that the pirate infrastructure may decrease or even
increase the profitability of the legal firms. In a related paper, Datta & Madio (2018)
study an economy where a legal provider competes with an ad-based pirate provider.
They show that the adoption of an ad-blocker technology can spur digital piracy when
ads are only partially blocked. They prove that the adoption of ad-blockers may change
the strategic relationship between price and ads from strategic complementarity to strate-
gic substitutability. Rasch & Wenzel (2013) investigate the competition between a legal
and a pirate content provider in a two-sided market populated by developers of software
and users. Likewise, Kim et al. (2018) study the effect of digital piracy on manufacturers’
and retailers’ strategies finding that, under some circumstances, tolerating piracy (with

a weak copyright enforcement) may lead to a “win-win-win” situation where all economic
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agents can gain some surplus. In their model, this happens because piracy works as an
“invisible hand”, fostering competition for the manufacturer and the retailer and reduces
the inefficiency caused by double marginalisation. This literature, however, has not dealt
with pirate ecosystems, how these impact on legal and pirate providers’ strategies, and
how much commercial digital piracy a government and the legal content provider can
tolerate. These aspects are taken up in this paper.

This paper also relates to the recent literature on spatial competition. Bouckaert
(2000) was the first to introduce a Salop circle with a centre to study the choice between
opening a retail store or a mail-order business (MOB) located in the centre of the circle.
This simple yet general setup has been recently adapted to investigate the competition
between an online firm and brick-and-mortar retailers (Madden & Pezzino 2011), R&D
investment decisions (Lamantia & Pezzino 2016), and the competition between hospitals
(Levaggi & Levaggi 2017).

This considered, Lamantia & Pezzino (2016) is the closest paper to the current study.
The entry of a new firm in the local market leads to a drop in the quality and of the level
of investment of the local firms, while the effect on the (dominant) firm located in the
centre of the circle is ambiguous. They find that irrespective of their position, all types

of firms are harmed on their profits.

2.3 The Model

There is a mass of users uniformly located on the circle of unit length. Following Bouckaert
(2000), the economy is populated by a legal content provider (CP, hereafter) and a number
of pirate providers. The legal CP offers a content for which it has exclusive rights.% The
CP is located in the centre of the circle while there are IV small pirate providers located
on the circumference. The pirate CPs provide access to the same content offered by
the legal CP in violation of copyright. The pirate CPs are symmetric and horizontally
differentiated: T represents the transportation cost per unit of distance incurred by any

consumer; in other words, it measures the degree of substitution among the pirate CPs,

SFor the sake of simplicity, it is assumed that, over a single content, the legal CP is a monopolist. In
other words, there are no strategic interactions with other CPs. For instance, Narcos and Orange is the
New Black, in a given period of time and in a given geographical area, are offered only by Netflix.
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e.g., preferences for buffering and a compatibility with the operating system. The legal CP
is differentiated from the pirate CPs in two aspects. First, there is vertical differentiation,
as the content offered by the pirate CPs is of an inferior quality (imperfect substitute).”
This quality degradation is captured by a. When a — 1, the quality of the pirated content
is poor, whereas when a — 0, the quality of the pirated content gets closer to the original.
Second, horizontal differentiation arises because a user may have strong preferences for
the legal CP or the pirate CPs.®

The utility of a user i is

v —p, if she subscribes to the legal CP,
Ui = (1)

v(l—a)—s(N)—~- A;, if she uses any pirate CP,

where v the intrinsic utility that users obtain by watching the content and p is the
subscription price set by the legal CP. It is assumed that the legal CP offers only a
content. This is a simplification because legal SVOD platforms usually charge a flat price
to have access to the entire catalogue. The user watching the pirate content experiences a
quality degradation a € [0, 1] and bears some searching costs to get to any pirate CP. The
searching costs are a concave function, s(-), with the following two properties: s'(N) < 0
and s”(N) < 0. In other words, the larger the number of pirate CPs, the easier it becomes
for consumers to find the movie by just surfing different third-party websites or a search
engine. To ensure the concavity of legal CP’s profits and of the welfare function, we
assume that 157 > —2N3.s”(N) > 0. It implies that there should be a certain degree of
differentiation between the pirate CPs. Finally, pirate users are exposed to invasive ads,
where v € [0, 1] presents the annoyance parameter for each ad, A, chosen by the pirates.
Note that the term is quadratic to capture the increasing invasiveness (Datta & Madio

2018).

"Quality degradation is common in the literature on digital piracy. See e.g., Bae & Choi (2006) and,
more recently, Kim et al. (2018).

8Pirate providers usually contain different types of content, ranging from shows, movies, series, etc,
thus offering a wider catalogue with respect to any other legal platform. Users may have some preferences
for these CPs also when the legal CP’s price is at zero. See e.g., Godinho de Matos et al. (2017).
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Figure 2.1: Pirate and Legal Content Providers’ Locations

i—1 i+1

i+1,i—1

The legal CP lies at the centre. There are N = 4 pirate CPs symmetrically distributed on the perimeter
of the circle.

The Pirate CPs

To derive the demands of the legal and pirate CPs, Bouckaert (2000) is followed. There
are two indifferent users between every two pirate CPs located on the perimeter of the

circle. We consider an economy with N > 2 pirate providers.

e Let y < N be the location of the consumer indifferent between two pirate providers
located on the circle,
A? A2 ( 1

v(l—a)—s(N)—'y-?—T~y:v(1—a)—s(N)—’y-——T-

with A the (average) level of ads chosen by the neighbouring providers and 7 rep-
resenting the transportation cost per unit of distance in the pirate ecosystem. It
does capture the degree horizontal differentiation between any two pirate CPs. The
indifferent user is located at y = ~- (A2 — A2)/(47)+1/(2N). Note that y = 1/(2N)

when providers are symmetric.

e Let z be the location of the user indifferent between a pirate and the legal CP
located at the centre, with ¢ measuring the degree of substitutability between any

pirate and the legal provider (i.e., horizontal differentiation parameter). It follows
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that:

2
v(l—a)—s(N)—7%—7'-2:1;—]7—(;5. (3)

The indifferent consumer is located at z = (¢ +p —a-v — s(N) — v - A2/2) /7.

It is important to discuss the relationship between ¢ and 7, which captures somewhat
similar aspects. 7 represents a proxy of the intensity of the competition in the piracy
ecosystem and, indeed, the transportation cost per unit of distance incurred by a user to
move from its position to the closest CP. Instead, ¢ measures the degree of differentiation
between the legal CP and any pirate CPs: its value is constant as considering the distance
from the centre to any point on the circumference. As normally preferences against the
copyright holder are sufficiently weak, we assume that s(N) + a-v > ¢. This implies
that the cost for choosing the legal CP is sufficiently low relating to the competitive
disadvantage of the pirates, e.g., degradation cost and quality degradation.

Two extreme scenarios arise. First, for z > g, it is always too costly for a user
to subscribe to the legal CP, so all users choose the pirate CPs. In this case, the model
resembles the traditional Salop circle without a centre. However, this scenario is excluded
as a market dominated only by pirate CPs is unrealistic: digital piracy exists because of
the existence of the legal producer. Hence, the analysis is limited to when N < N™%
where N™% ig such that the legal CP gets bankrupt.

Second, when the legal CP sets a sufficiently low subscription price, it is on the
condition to serve the entire market. In other words, it drives all the pirate CPs out of
the market (i.e., exit) or leaves them temporarily “passive” (i.e., shut down). This case is
analysed in turn. An interior and more interesting case arises when z < y. In this case,
digital piracy exists with a positive demand and the legal CP sets an intermediate price.
The demand for each pirate CP is 2z, as shared with the legal provider at the centre
and its closest neighbours located on its right-hand and left-hand sides. These case are
represented as follows:

0, ifp<O,

DEf9: ifO<p<+0, (4)

2y, ifp>55+06.

o7



CHAPTER 2

With a little laxity of notation, we denote © = ~ - ATZ +a-v+s(N)—o¢.

The profits of each pirate CP ¢ = 2...N are:

P (A, p,Ny=DF - A.r - K, (5)

where r indicates the exogenous price per impression. We assume that the pirate CPs are
relatively small and not able to determine the price per ad (see e.g., Chang & Walter 2015,
Datta & Madio 2018, Gritckevich et al. 2018). Without loss of generality, it is assumed
that r = 1. The pirate CPs set the number of ads displayed on the user screen, where
A* = argmax 17 (A, p, N). This is in contrast to Chang & Walter (2015), who take the
decision on the level of ads as given. On pirate CPs, the number of ads is not constrained
by the dimension of the screen as in peer-to-peer networks. First, ads come out in the form
of pop-ups and pop-unders, opening several browser windows simultaneously. Second, ads
can interrupt at any time the streaming of the content in the form of mid-roll ads. In
other words, the pirate CP can strategically decide how to monetise user eyeballs. For
the sake of simplicity, throughout the analysis, we assume that K = 0. Although fixed
costs for running the provider might be relevant (Datta & Madio 2018), their inclusion

in the current analysis is meaningless.

The Legal CP

To derive the demand for the legal CP, let us call Z the user indifferent between watching
a content on the legal CP and on one of the many pirate CPs, i.e., v- (1 —a)—s(IN) —7-
A; —7-2=v—p—¢. As the pirate CPs are symmetrically distributed on the perimeter of

the circle, the distance between any two indifferent users is 2 = 1/(2N). So, the demand
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for the legal CP is:

0, ifp> 355 +6,
D = 1+¥-(a-v+s(1v)+y-f‘;—p—¢) ifO<p< % +0, (6)
1, ifp<O.

Given the above demand function, the profits are expressed as follows

1l (p, A, N) = DL . p. (7)

2.4 Analysis

The timing is as follows. In the first stage, the pirate and legal CPs set the number of
ads and the subscription price simultaneously and non-cooperatively. Then, in the second
stage users make their decision on the content provider. On the basis of the equilibrium
values, we study the effects of changes in the pirate ecosystem (e.g., entry and exit of
pirate CPs) and we derive the implications for the optimal number of pirate CPs from
the perspective of the legal CP and of the government. By using the demand functions
previously derived and rearranging the first-order conditions, the best replies are reported

by the following lemma.

Lemma 1. The best replies of the pirate CP i =:1,..N and of the legal CP are

2(¢+p—a~u—s(N))}1/2

Ap, s()) = { =

p(A;5(N)) =

Prices and ads are strategic complements.

Note that the level of ads does not directly depend on N, the density in the pirate
segment, but it does only through the abatement of searching costs. The annoyance cost

~v mediates the reaction of the pirates, which shifts downward when ads get more invasive.

9Note that, in equilibrium, we have 7 > 2N - (a- v — ¢ + s(IN)) in order to focus on real levels of ads.
When this condition is satisfied, the demand when providers compete cannot be greater than the unit,
which represents the highest possible demand. In other words, it ensures that D < 1.
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Consistently with Datta & Madio (2018), prices and ads are strategic complements: there
is an upward adjustment in the level of ads, generally occurring when the legal CP raises
its price, and a downward change when the legal provider’s price is reduced. The following

the lemma summarises the equilibrium outcome.

Lemma 2. In equilibrium, the level of ads set by the each pirate CP and the legal CP’s

subscription price are

« [2N(¢p—a-v—s(N))+71\1/2 « 2(s(N)+a-v—¢) 37
A _{ 5N -~ } ’ )

The demands are

Their profits are

Px 2
Y 57/5y - N3/2

1 372
HL*:50N-¢<4(“'”+5(N)_¢)+ﬁ7) '

2
<2N(¢7Q'U*S(N))+T> , -

2.5 Effects of Entry

On the basis of the equilibrium solutions, this section provides an analysis of the changes

occurring in the pirate ecosystem when a pirate CP enters or exits the market.

Proposition 1. Let N be such that —N? - s'(N) = 7/2, (i) the relationship between the
number of pirates and the level of ads is U-shaped; (ii) the minimum level of ads is at

N = N; and (iii) the price curve is downward sloping.
Proof. See Appendix. O

Because of searching costs, a denser piracy ecosystem impacts asymmetrically on the
subscription price and on the level of ads. Specifically, the legal CP reacts to a new entry

(exit) by reducing (raising) the subscription price. Two effects are instead at the stake for
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the pirate CPs. On the one hand, because of the strategic complementarity between the

level of ads and the price, an entry in the pirate ecosystem leads also the pirate CPs to

reduce the number of ads, i.e., a,g;p ) g—}\”, < 0. On the other hand, because searching costs

are reduced when a marginal pirate CP enters the pirate ecosystem, piracy gets more
attractive and the competition between the legal and pirate CPs is softened. So, the CPs
can increase the number of ads displayed to their users. In a small pirate ecosystem i.e.,
N < N, because the reduction of searching costs is narrow, pirate CPs find it optimal to
reduce the number of ads. By contrast, in a sufficiently large ecosystem, the searching

costs wane significantly, so the pirate CPs inflate the number of ads shown to their users.

Proposition 2. (i) The demand curve of each pirate CP is U-shaped with N; (ii) The
demand curve of the legal CP is hump-shaped with N; (iii) At N = N, the legal CP serves

the entire market, i.e., DF|y_5y =0 and DL|y_5 = 1.

Proof. See Appendix. O

In a small pirate ecosystem, the reduction of the subscription price sustains the de-
mand expansion of the legal CP. Paradoxically, more pirate CPs in the market cause a
reduction of the aggregate pirate demand as a consequence of the market interactions.
Hence, in the interval N € (2, N], the pirate CPs suffer from an entrant, while the legal
CP has rooms for conquering additional market shares. At N = N, despite the presence
of a certain number of pirate CPs, the legal CP serves the entire market and exploits
its full market power. This result resembles that of Kim et al. (2018), who find that, in
some cases, the presence of digital piracy may turn into a “win-win-win” situation. In
other words, the legal CP can disincentivise digital piracy by engaging in a limit pricing
strategy, the government can curtail pirates’ revenues of the CPs without any copyright
enforcement, and consumers can experience a low subscription price for the original prod-
uct. Importantly, this endogenous monopolisation of the market comes as a consequence
of additional entry in the market. However, as we show later, this is neither a private
nor a social optima as the the price reduction of the copyright holder does not get com-
pensated by the additional demand: hence profits monotonically go down. Interestingly,
this can represent an equilibrium number of pirate providers. As we discuss below, pi-

rate providers would stop entering the market at N = N as they would no longer enjoy
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Figure 2.2: Effects of N on the demands

27 0 N Nmax

The above graph depicts the hump-shaped relation between the legal CP’s demand and the number of
pirate CPs in the pirate ecosystem and the U-shaped relation of the individual pirate CP’s demand and
profits.

strictly positive profits. This equilibrium can be stable unless either pirate providers are
sufficiently forward looking to coordinate their behaviour and indeed be themselves in the
interval N € (N, N™®) or an invisible hand move them in that scenario. In both these
cases, they would therefore benefit from additional entry. Specifically, searching costs
would be smaller and smaller and so the pirate CPs would enhance their attractiveness,
thereby generating a pro-piracy effect at the expense of the legal CP.

We note that a condition for a maximum in the legal CP’s demand is a - v — ¢ =

—8(N) — N - §'(N). This term can be represented as follows:

0

a-v—gb:—a—N(s(N)'N), (12)

where the term s(IV) - N indicates the total searching costs. This expression shows that
when the quality degradation of the pirate CP net of the cost of going to the legal CP
equals the marginal change in total searching costs, the legal CP gets the largest demand.
This indicates that as long as vertical differentiation net of user preferences for piracy
are larger than the marginal change on total searching costs, the legal CP can increase
its attractivess and endogenously fight piracy. Else, the legal CP is in the region where

pirate providers are expanding their market benefiting from the reduced searching costs.
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These results suggest that, in a static world, having N CPs in the pirate ecosystem
would induce the legal CP into a limit pricing, serving entirely the market but with
a sufficiently low price. Rather paradoxically, the presence of concave searching costs
incurred by pirate users generates more demand expansion for the copyright holder as
other pirate CPs enter the market. We may speculate about the behaviour of pirate
CPs. On the one hand, if pirate CPs were myopic, they would stop entering the market
at N = N, and so this would be a potential equilibrium number of pirate providers.
On the other hand, if pirate CPs could either coordinate themselves or were sufficiently
forward-looking and let other pirates enter the pirate segment, they would again be in
a situation of positive profits and on the upward sloping part of their demand-, ad-,
and profit-functions: a pro-piracy effect. And, indeed, an equilibrium would emerge just
before the legal CP gets bankrupt.!® Here, it is important to remark that the legal CP
may exit the the market for any N = N™% such that p* = 0. At this point, we would
be back to the traditional Salop model.

An immediate consequence of the above result is presented by the following proposi-

tion.

Proposition 3. At N, (i) the legal CP set p*|y_y = a-v + s(N) — ¢; and (ii) pirate

CPs shut down, i.e., A*|y_y =0 and 1P |y_5 = 0.
Proof. See Appendix. O

Specifically, the legal CP can be found endogenously in the position to dominate the
market as a consequence of additional entry and exploiting the competitive disadvantage
of the pirates. In this case, the copyright holder sets the highest possible price to keep its
entire demand and this is represented by p*|y_y = a - v+ s(N) — ¢ > 0. This price has
two important properties. First, it shows that the price equals the vertical differentiation

existing in the market and represented by a - v — ¢. Second, the price also considers the

"remaining" searching costs paid by consumers with N = N.

Lemma 3. The profits of the copyright holder monotonically decline with more entry in

the market in the interval N € [N, N).

10Similar results also apply when positive fixed costs are introduced whenever the pirate CPs can

sustain temporary negative profits at N = N.
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Figure 2.3: Effects of N on the level of ads and price

Aiap

a-v+s(N)—¢

—N-s'(N)

0,2 N Nmaz

The above graph depicts the effect on the price when N increases, showing a downward sloping curve. It
also shows the effect on the ads flow depicting a U-shaped re_lation with N. note that at N = N there is
a discontinuity and the legal CP charges p* =a-v — ¢ + s(V).

Proof. See Appendix. O

The intuition behind this result is rather simple. Any demand expansion effect
(whenever present) is dominated by the strategic (price) effect. So, profits of the copy-
right holder monotonically go down with additional entry in the market in the interval
N € [N,N). Hence, the legal provider would prefer to restrict the competition to few
providers though commercially active rather than engaging in price reduction. Differ-
ently, as previously discussed, at N = N, additional entry in the market would make the
copyright holder to serve the entire population and so increase again its profits.

Lemma 3 illustrates a clear misalignment of the interests of the legal CP and of a
government aiming at minimising the revenues for those infringing intellectual property
rights. When the government, without any court intervention, satisfies its goal of blocking
all revenues for the pirate CPs (i.e., N = N), the legal CP serves the entire market but
at a sufficiently low price. However, as shown later, whereas the lucrative activity is
curbed, this is neither what a government interested in maximising the social welfare
would prefer to have in the market. This stark contrast between the interests of the
two economic agents becomes more important when discussing the commercial nature of

digital piracy. Because the legal CP finds it optimal to tolerate a certain number of digital
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CPs N* € [2,N), it implies that the legal CP would prefer to minimise the presence of

piracy even though granting them a commercial dimension (e.g., revenues from ads).

2.6 Exogenous Searching Costs

The searching costs are crucial for the above results. In this section, a robustness check
of our analysis is provided by assuming that searching costs are uncorrelated with the
number of pirate CPs, i.e., ds(.)/ON = 0. In this case, as in Lamantia & Pezzino (2016),

both types of CPs would suffer from the increased competition.

Proposition 4. When the number of pirate CPs increases and searching costs are inde-

pendent of it,
(i) the price and the ads curves are downward sloping;
(i1) the demand of each pirate CP is always reduced;
(#ii) the demand of the legal CP always increases with more piracy;
(iv) the profits of legal and pirate content providers are reduced.
Proof. See Appendix. O

All incumbents, regardless of their type, suffer from the competitive pressure exerted
by the entrant. On the one hand, both types of CP react by reducing the level of ads and
the subscription price. On the other hand, the CPs react in a different manner. While the
pirate CPs face a new direct competitor and lose their market shares, the legal CP can
attract some users. When the legal CP has a significantly large competitive advantage
over the pirate CPs (i.e., a-v+ s > ¢, that is, quality of the pirate content is very poor),
there is a market expansion. However, the profits of the firm located at the centre of the
circle (i.e., the legal provider) are harmed. Because the legal CP responds by reducing
the subscription price, any demand effect does not compensate for the reduction in the

marginal revenues.

65



CHAPTER 2

2.7 Effects of Competition in the Pirate Ecosystem

So far, changes in the pirate ecosystem have taken the form of changes in the number of
pirate CPs. A pirate ecosystem, however, can be affected by a lower degree of product
differentiation among the pirate CPs. Here, we study what happens when the competition
in the pirate ecosystem gets fiercer and how this impacts on the strategies implemented
by the legal CP. A user, for instance, may be almost indifferent to the pirate CPs as long
as they provide him with the content at no cost.

Because the pirate CPs react to a more intense competition by reducing the price,
also the legal CP reduces the price as well because of the strategic complementarity. The

effect on the demands are as followsT:

dD™* AN -(a-v+s(N)—9)

dDP* 4(a-v+ s(N)— )
dr 572

Hence, the strategic effect (e.g. —dp*/dr) is accompanied by a demand expansion, which
ultimately lowers the impact of digital piracy. Individually, pirate CPs face lost demand.
However, as in the above previous cases, the reaction-reduction of the subscription fee does
not prevent demand losses. Indeed, a fiercer competition amongst pirate CPs generates

a pro-piracy effect.

Proposition 5. As the competition for pirate consumers becomes stronger (T — 0), i)

price and ads decrease, i) the legal (pirate) CP’s demand increases (decreases).

Proof. It follows from the above discussion. O

Overall, irrespective of any demand effect, profits are reduced. The strategic effect of
reducing the level of ads and the subscription price always dominates both the pro-piracy
effect and the expansion of the legal CP. Indeed, competition in the pirate ecosystem

creates (negative) spillovers also affecting the copyright holder.
Proposition 6. Fiercer competition (T — 0) lowers CPs’ profits regardless of their type.

Proof. See Appendix. O
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2.8 Concluding Remarks

The recent development of the Internet and of ad-based business models has transformed
digital piracy into a mechanism to derive illicit money while damaging the copyright
holder. This paper offers a comprehensive analysis of the strategic interactions between
legal and pirate content providers in a pirate ecosystem. It delves into the nature of
this new type of digital piracy and emphasises the relevance of searching costs in making
piracy attractive for many users. We ask the question of whether and to what extent a
government may tolerate some degree of digital piracy. Our results show that both the
government and the legal CP may find it optimal to tolerate some degree of commercial
digital piracy despite the fact that their interests are never aligned. The copyright holder
can benefit from a positive number of pirates as the associated price reduction would
grant some additional demand and increase its profits provided that the pirate ecosystem
is sufficiently low. The fact that the legal CP sets a price depending on how developed
pirate CPs are is also consistent with a recent statement of Netflix’s CFO “Piracy is a
governor in terms of our price in high piracy markets outside the US [...]. We wouldn’t
want to come out with a high price because there’s a lot of piracy, so we have to compete
with that”.!1 This result also suggests that the magnitude of the reaction of the legal CP
may be correlated with the wealth of a country, whereby poor countries are those with
the greatest number of pirate websites.!?

Our results also suggest tha the government may be willing to tolerate more commer-
cial piracy than a pirate provider, thereby not intervening when too much entry occurs
in the market. Digital piracy can be seen as a way of limiting the market power of the
copyright holder by offering users a low-quality alternative. However, our results do not
allow to establish directly the socially optimal number of pirates. On the one hand, with
N = 2, the legal provider can exploit some degree of market power and charge consumers

a high price. Similarly, few pirate providers can display a large number of ads to con-

11 See e.g. Business Insider, 'Netflix has an ingenious, piracy-combating way to set its international
pricing’, April 17, 2015: http://uk.businessinsider.com/netflix-piracy-international-pricing-
streaming-earnings-2015-4.

20n the development of digital piracy in poor countries, see e.g., The Guardian, "Why poor countries
lead the world in piracy’, May 3, 2011: https://www.theguardian.com/technology/2011/may/03/why-
poor-countries-lead-world-piracy.
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sumers. Both strategies reduce welfare of consumers. On the other hand, with N = N,
the legal provider can serve the entire market at a very low cost. Clearly, this is a bless-
ing for consumers but not for the legal provider and for the pirates. Interestingly, an
equilbrium with this number of providers would never arise as not strictly profitable for
a pirate. From a policy perspective, our conjecture is that a social optimal number of
pirates lie in the interval N € [2, N], thereby suggesting that the government may find
it optimal to tolerate some degree of digital piracy is not new in the literature (see e.g.,
Peitz & Waelbroeck 20066 find some sampling , with users learning about the product in
a pirate environment.

In light of the above results, our analysis offers some implications for policy-makers to
develop effective anti-piracy measures devoted not only to fight digital piracy but also to
block criminals via “following the money” initiatives. In Spain, the Court recently ordered
that Rojadirecta be shut down because of the violation of property rights (held by Movis-
tar+) for the live streaming of sport events; '3 in Italy, the Communications Authority
(Agcom) proceeded against Nowvideo for hosting contents under the copyright of Sky
Italy; the UK High Court ordered a stoppage of streaming live matches of the Premier
League when violating copyrights. If the goal of the government is not to maximise the
social welfare but to block the commercial nature of digital piracy, our model surprisingly
predicts that a laissez-faire policy should be pursued letting some other pirate CP enter
the market (up to N = N) and intervene only when the pirate ecosystem gets sufficiently
large. This situation will trigger the reaction of the legal CP, who setting a sufficiently
low price (may) leave the pirate CPs without demand and ads. In this sense, market
instruments might be more effective in reducing piracy than courts and regulators, unless
the enforcement of property rights leads to the simultaneous closure of all pirate websites.
In the latter case and in sufficiently large pirate ecosystems instead authorities and courts’
interventions would appear beneficial for the copyright holder.

From a managerial perspective, our results suggest that the legal CP may find it
optimal to mimic how pirate CPs work and take advantage of that. As some users

may prefer a low-quality and ad-based alternative, the legal CP could try to launch a

13In Spain, football distributors lost approximately 271 million of euro because of piracy. See e.g., La
Coalicion, ’Observatory 2016: Piracy down 4%’, April 25, 2017: http://lacoalicion.es/2017/04/25/
piracy-down-4/.
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subsidiary service to serve this market segment or differentiate its services. This is, for
instance, what Spotify has tried to do by differentiating its Premium version from the
Free and ad-based version. Similar but somewhat different strategies are also pursued
by Netflix in the SVOD market, by offering a menu price to its consumers according to
the quality of the service and the number of accounts registered. Such a strategy may
effectively work in a small pirate ecosystem also benefiting from the zero search costs that
the dominant firm incurs.

It is worth mentioning that our framework could also have a more general applicability
other than to markets where piracy is relevant. For instance, our setting can be applied
to the newspaper market, where, for instance, a dominant subscription-based newspaper
(e.g., The Wall Street Journal) with reputable and recognized journalists competes over a
single news against a large number of (symmetric) websites simply reporting or slightly re-
editing press reports (i.e., quality degradation) and making revenues from annoying ads.
In this market configuration, our model predicts that, as long as search costs incurred in
order to get to these not-so-famous local websites for having almost the same information
(as the one offered by the WSJ) are concave and decreasing, the dominant newspaper
would find it optimal to have a positive but sufficiently small number of low-quality
competitors. Similarly, our model would predict that, in the case of exogenous search cost,
e.g. fast and simple access to these websites on search engines, all websites, regardless
of whether subscription- or ad-based, would be harmed by the entry of a new content

provider.

Appendix

Proof of Proposition 1

To prove Proposition 1,

(i) Differentiate the equilibrium level of ads with respect to N to obtain

dA*__ T+2N2'S/(N) (14)
AN~ 2N3/2,/59{2N(p—a-v—s(N)) + 7}

As the denominator is always positive, it shows that dA*/dN = 0 as long as the
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numerator is equal to 0. The latter term is either a minimum or a maximum for
~N2.5'(N) = 7/2. Let N > 2 be such that —N2.s'(N) = 7/2, then dA* /dN > (<)0
for —N?.s/(N) > (<)7/2. Since by assumption A is continuous and differentiable,
the slope is strictly monotonically increasing for N > N and strictly monotonically

decreasing for N < N. Indeed, the ads curve is U-shaped with N.
(ii) Since dA*/dN > (<)0 for N > (<)N, N = N is a minimum.

(iii) Consider the effect of N on p*,

dp* 3T 25'(N)
- _ 15
N~ tone 5 <0 (15)

i ; i 1 (dpr) — 37, 25"(N) : .
The price curve is convex in N as ( dN) = &5+ =5~ > 0 when 7 is sufficiently

large as we assume, e.g. 157 > —2N3 . s"(N) > 0.

Proof of Proposition 2

(i) Differentiate (10) with respect to N

daDf* 2 4s(N) (16)
dN ~  5N? 57

which implies that dDP*/dN > (<)0 for —N? . s'(N) > (<)7/2. Using N (Propo-
sition 1), it must be that the demand of each pirate CP goes down (up) for
N < (>)N. Given continuity and monotonicity, this suffices to establish that

the demand curve is U-shaped in V. Again, it can be checked that the function is

d (dDF*N\ _ 4 1 s"(N)
convex as N( ) =357 — > 0.

T

(ii) Differentiate the demand of the legal CP

Lx
di :%<a~v+s(N)—¢+N-s’(N)) (17)

which is positive for a - v+ s(N) — ¢+ N - s/(N) > 0. Note that the competitive

advantage for the legal CP (i.e. a-v+s(N) > ¢) is reduced with additional entry in

the pirate ecosystem. The function is concave as % (d?\f*> = %( - % + 2 (TN)> <
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0. Hence, the demand is a hump-shaped, strictly monotonically increasing in the

interval N € (2, N| and strictly monotonically decreasing for N € [N, N™4%)

(iii) Next, evaluate D* at N = N. Using 7 = —2N?2 - s'(N), then

Dy s ! ) (4(a- v+ s(N) ~ 6) ~ 6§ - 5() (18)

10N - §/(N

Consequently, the demand for each pirate CP is

P L N NSRIE Y
Suppose at N = N both types of CPs are active, i.e., DZP > 0 and DY > 0. First,
suppose DF|y_y > 0, it then must be that ¢—a-v > s(N)+N-s'(N). However, by
(17), a condition for D to be a maximum is a-v — ¢ = —s(N) — N - s'(N). Indeed,
a contradiction, the individual pirate demand cannot be positive. Substitute it into

the demand functions, it follows that DP|y_y = 0. So, at N = N the legal CP

serves the entire market.
Proof of Proposition 3
First, note that at N = N, the legal CP serves the entire market. Hence, by equation
(6), p* =a-v+s(N)—¢ > 0. Also note that at this price A%_ 5 =0« Il |y_y <O0.
Proof of Lemma 3

Differentiate (11) with respect to N:

ante P (4N (a-v—¢+s(N)+2N-s(N)) — 37)

dN ON -7 ’

(20)

Note that the second term is negative as violating the condition such that p* > 0. Hence,
profits are always declining with entry. Hence, the optimal number of pirate providers is
N* = min[N], which in our model is 2. This also implies that profits decline when serving
the entire demand. To illustrate it, consider that, from Proposition 2, dD*/dN = 0 <

a-v—¢=—5(N)—N-s'(N), whereas N = N is such that 7 = —2N?.s'(N) (Proposition
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1). Substituting them into the above expression, we obtain

dHL*
dN

p*(4N(N-S’(N))+6N2-s’(z\7)> v .
N:N:_ IONS.SI(N) :_ﬁ:S(N)<O (21)

So, profits are decreasing at N = N + 1. From the second derivative at that point,

Lx 7 . .
= (d(l;IN ) = s”(N), so the function is concave.

Proof of Proposition 4

To prove Proposition 4, it suffices to substitute s'(IN) = 0 in all the equations. To prove
the fourth part (iv), the derivative of IIp/N < 0 always. Instead, the derivative II;,/N < 0

for any 0 < Dy, < 1. Indeed, all profits go down.

Proof of Proposition 6

(i) Consider the effect on the pirate CPs. Differentiate equation (11) with respect to 7

_dHf* _ _A*(4N(a-v+s(N) —¢)+T>

dr N2. 72

(22)

Recall that A* > 0. For the sake of simplicity, call (a-v+ s(N) — ¢) = A. Recall
that 7 > 2NA = F to have a real A*. We now prove that the above expression is
negative by contradiction. Suppose —dHZP*/dT >0< 7 < —4NA = B. However,
because B < F < —4NA < 2NA, it follows that 7 < B violates the condition such
that 7 > FE, thus a contradiction. Indeed, the effect on the pirates’ profits cannot

be positive, therefore —dII¥* /dr < 0.

(ii) Consider the effect on the legal CP

o (4N(a o+ s(N) — @) — 37) P (23)

dr 10NT

Recall that p* > 0. Suppose —dII*/dr > 0 < 7 < —4/3NA = B’. Again, because
B' < E & 4/3NA < 2NA, it cannot be that 7 < B’ while 7 > E. Indeed, the

effect on the profits cannot be positive, therefore —dIT*" /dr < 0.
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Platform investments in two sided

markets

3.1 Introduction

Value-increasing investments are common in digital markets. Digital companies often
invest in user experience, better targeting, recommendation systems, algorithmic learning,
wider compatibility, and efficiency. In a two-sided market, where platforms compete with
one another on different sides of the market (e.g. sellers and buyers in marketplaces,
developers and users for operating systems, mobile devices and voice assistants), the effect
of investments may be puzzling. On the one hand, investments may directly impact on
the utility of some users who appreciate extra features. On the other hand, as sides are
interrelated, investments creating some value on one side of the market may generate an
effect on the opposite side. Whether and how to engage in investment activities, and
their effect on the market configuration, prices and surplus of users, are all issues which
have not yet been satisfactorily determined.

The multidimensionality of investment has gained attention with the development of
Artificial Intelligence (AI). In 2012, Amazon bought Kiva System (now Amazon Robotics)
to automate and optimise the processes in its warehouses (efficiency gain). This acquisi-

tion turned out to be beneficial for consumers and merchants because of reduced waiting

74



CHAPTER 3

time. In a similar way, investments on clouding technology (e.g., Amazon, Google, Mi-
crosoft) had the two-fold benefit of increasing the opportunities for developers of applica-
tions (e.g., reduced build times) and users (e.g., storage capacity) while permitting tech
platforms to gain momentum in the stock market.! In the market for voice assistants (e.g.
Amazon Alexa, Google Home), investments devoted to the user and developer experience
(e.g. new skills and large compatibility) were also associated with data collection.?
Along with the possible multidimensionality of investments arising between sides and
also with the platform, any change occurring on one side of the market is likely to have
an impact on the opposite side of the market. This propagation mechanism is intrinsic to
two-sided markets as the interactions between sellers and buyers are mediated by cross-
network externalities.® To study how investment decisions shape the relationship between
sides depending on who obtains the highest return, the price set by platforms and whether
there is an incentive to engage in investment activities, we build a model as in Armstrong
(2006). We consider two competing platforms that operate in a fully covered market with
users (sellers and buyers) distributed in a Hotelling fashion. Buyers and sellers interact
with each other through the platform and obtain positive cross-network externalities.
Buyers like the presence of many sellers (i.e., taste for variety) while sellers enjoy a positive
benefit when interacting with buyers as final transactions are more likely to take place.
Platforms choose their investment effort while setting a price on both sides of the market.
When platforms invest they may create a value on both sides of the market and may partly
appropriate their investments. Such a setting captures the eventual multidimensionality
of investments. For instance, on the one hand, investments can increase the value for

users through improved quality, better features and characteristics, greater compatibility

!See Investorplace, 4 Tech Stocks That Are Killing It in Cloud Computing’ October 24, 2016: https:
//investorplace.com/2016/10/4-tech-stocks-killing-it-cloud-computing/. (Accessed 2018).

2The Verge, a tech media, recently titled “Amazon’s Echo Look does more for Amazon than it does
for your style” providing an example of how current technologies can transform into data and learning
activities the value created for its users. See e.g. The Verge, July 6, 2017: https://www.theverge.
com/2017/7/6/15924120/amazon-echo-look-review-camera-clothes-style. (Accessed 2018). Similar
strategies were also pursued by Apple, with its investments in HealthKit and ResearchKit or by Instagram
and Facebook with their Stories, which enhance the users’ experience while collecting personal information
to be monetised via targeted ads. These projects allow consumers to monitor their health conditions,
developers and public institutions to access detailed information about patients and to develop new
applications (e.g. Medopad), and the company itself by gaining access to patients’ lifestyles for its
research projects. See e.g. The Financial Time, ’Consumer healthcare platforms on the rise ’, February
16, 2015: https://www.ft.com/content/1147343e-9£d7-11e4-9a74-00144feab7de. (Accessed 2018).

3See Belleflamme & Peitz (2015) for a textbook discussion. See also Caillaud & Jullien (2003), Rochet
& Tirole (2003), Parker & Van Alstyne (2005), Armstrong (2006).
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and experience. On the other hand, these investments might return to the platform as
data collection, stimuli for new ideas, efficiency gains or stock consolidation. However,
this does not need to be so as investments may also affect only one type of user (e.g.,
buyer) without generating any value for the platform and the other type of user (e.g.,
seller).

Two network configurations are considered. In the first configuration, sellers and buy-
ers only join one platform. In the second configuration (the competitive bottleneck),
while buyers join exclusively one platform, some sellers multihome while others single-
home. First, we find that, regardless of the network configuration, profits are always
higher with investments. However, this can lead to an Investment-Prisoner Dilemma.
When platforms are ex ante symmetric and all users singlehome, platforms are tempted
to invest more to steal some users and increase the price level. The ability of users to
internalise the investments induces platforms to invest more but, in equilibrium, any
demand expansion effect is neutralised by the symmetry of the market. As a result, plat-
forms cannot recoup their investments leading to an Investment-Prisoner Dilemma. This
happens unless investments generate some direct returns for the platform.

Second, the presence of multihoming sellers can generate more incentives for invest-
ments. Absent investments, sellers face a lower price than buyers. In several cases,
platforms prefer to set a negative or zero price on sellers and milk buyers. When in-
vestments take place, some (early) singlehomer sellers become multihomers as attracted
by investments. As a result, platforms proportionally increase their price to sellers and
reduce the price to buyers. That is, investments on the multihoming side of the market
create the condition to (partly) restore a bottleneck effect typically present when all sellers
multihome (see e.g., Armstrong 2006, Belleflamme & Peitz 2018). To this end, platforms
can grab part of the surplus they generate. From a welfare perspective, we show that
buyers are ultimately better off as they combine the access to more sellers with the price
discount.

The paper also compares the two regimes relative to the level of investment. It shows
that letting sellers multihome leads to greater investments when competition in that side

of the market is sufficiently intense. When platforms are perceived less differentiated by
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sellers, these are more prone to multihome, ultimately expanding the market shares of
each platform. As a consequence, to attract more sellers, platforms invest more relative to
when all users singlehome. For the same reason, when platforms are sufficiently differenti-
ated, investments contribute marginally less to increase market shares. Hence, platforms
invest more with singlehoming sellers. These findings are also robust to the cases when
investments are either side-specific or follow two separate investment flows, that is when
investments returning into a direct benefit for the platform are separate from investments
creating value for at least one side of the market.

The paper contributes to the literature on two-sided markets and investment decisions.
Although digital platforms are particularly active in investment decisions, previous papers
have mainly dealt with investments undertaken on one side of the market. For instance,
Belleflamme & Peitz (2010) were the first to study the investment decision from the
seller’s perspective. They found that multihoming sellers have an incentive to innovate
as long as the marginal contribution to the buyers’ surplus is larger than their own.
In a related study, Lin et al. (2011) introduced endogenous price competition among
developers, studying their incentive to innovate. They demonstrated that, for dispersed
willingness-to-pay for quality, consumers might be subsidised, thus relaxing the intensity
of competition among developers. Some other papers have discussed investments from
the perspective of the platform but in specific industries, e.g., internet service providers
(Njoroge et al. 2013), operating system (Casadesus-Masanell & Llanes 2015), payment
systems (Verdier n.d.), or media (Li & Zhang 2016). Our work shares some similarities
with Thomes (2015), who investigated investments into in-house games. He show that
when developers multihome and gamers singlehome, a prisoner dilemma arises: both
platforms found it optimal to invest but it harms their profits. An innovative enhancement
is made by the current study to this literature: by comparing two different network
configurations and by studying how prices are shaped by the investments and the surplus
accruing to the different agents.

In characterising the investment decisions, this paper offers a more general perspective
as it considers the value accruing to one or many economic agents simultaneously. While

the model has a direct application for the operating system industry, where developers
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and consumers interact through a platform, the findings of this study can be generalised
to other industries, such as marketplaces dealing with investments in machine learning.
For instance, investments in Al promoted by Otto, a German marketplace, generated
a value for different economic agents: consumers, for obtaining a product more closely
customised to their tastes and reducing searching costs; sellers, for not having the product
returned to the warehouse; and the platform, for not losing a transaction in the market
and for collecting data.? In this regard, our approach is close to the literature on spillover
effects and the seminal studies of d’Aspremont & Jacquemin (1988) and Kamien et al.
(1992), but without considering forms of cooperation between platforms. In their models,
two competing firms invest in a process innovation to reduce their marginal costs and
their investments produce positive spillovers for the rival firm.

Finally, by examining how prices can be shaped by investment decisions when sellers
multihome, this paper is very close to that of Belleflamme & Peitz (2018). The two
authors showed that when some but not all sellers multihome, the platforms, under some
circumstances, find it optimal not to set a monopoly price on this side of the market (as
instead shown by Armstrong 2006) and the price could be even lower than the one charged
when sellers singlehomed. In confirming this view, this paper presents two main results.
First, it shows that, when only some sellers multihome, the platforms’ pricing strategies
resemble the strategies set in equilibrium by a platform monopolist with buyers charged a
high price than sellers. In most cases, sellers are either subsidised or granted a free entry.
Hence, the platforms do not set a monopoly price to provide access to exclusive buyers
(bottleneck effect) but rather behave as a monopolist would do in a partially covered
market. In the Appendix, the results with a monopolist are reported for the sake of
comparison. Second, it finds that, because investments generate a demand expansion for
both platforms on the multihoming side of the market, each platform’s coverage increases
and the bottleneck effect is partly restored. Hence, platforms increase the price on the
seller side and reduce the price on the buyer side.

The remainder of the paper is structured as follows. Section 3.2 presents the pre-

liminaries of the model while the duopoly case with singlehoming buyers and sellers is

1See e.g. The Economist, ’'How Germany’s Otto wuses artificial intelligence’, April
12, 2017: https://www.economist.com/news/business/21720675-firm-using-algorithm-designed-
cern-laboratory-how-germanys-otto-uses. (Accessed 2017).
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introduced in Section 3.3. Section 3.4 is a discussion of the results obtained with a com-
petitive bottleneck while a comparison of the results of the two cases is reported in Section
3.5. Section 3.6 considers the case when investments on user experience and platforms

monetisation follow two different cost functions, while Section 3.7 concludes the paper.

3.2 The Model

We consider two platforms that compete with one another. The market is fully covered
on both sides where a unit mass of sellers s and a unit mass of buyers b make their
transactions. To join platform i = {1,2}, n’ sellers and né buyers pay a membership fee
p};, where k = {b, s} identifies the side of the market which the price refers to. The two
platforms are horizontally differentiated: platform 1 locates at the coordinate 0, while
platform 2 at the coordinate 1 (opposite end). As in Armstrong (2006) and Belleflamme
& Peitz (2018), the interaction between sides yield some positive cross-network externali-
ties.> A buyer interacting with n’ benefit from a cross-group network effect by ¢, < 1. By
joining platform 4, the buyer enjoys a total cross-group benefit of ¢ - n’, which represents
the taste for variety. On the opposite side of the market, a seller interacting with a buyer
obtains ¢ < 1, with a total cross-group benefit of ¢ ~n§) capturing the idea that sellers
care about the number of buyers on the platform (i.e., potential revenues).

As the paper focuses on the strategic role of investments, we assume that when in-
vestment effort 2! takes place on platform 4, this generates a value to both sids. The
value generated on side k € {b, s} is denoted by i € [0,1) (see also Table 1). The main
body of the analysis considers a case where investments entail a value to both sides, but
these can also be side-specific as considered in the extensions.® Hence, investments can be
devoted to the seller side (e.g., developers) in the form of a better software development

kit and better access to APIs. Alternatively, on the buyer side, these can be associated

5The paper assumes that there are no “within-side” network effects. To put it differently, sellers do
not compete with other sellers over the same customer and buyers do not care about the decision of their
peers. On network effects in two-sided markets, see e.g., Belleflamme & Toulemonde (2016), Belleflamme
& Peitz (2019).

SWhen considering marketplaces, where sellers are active, investments undertaken by platforms might
be devoted to increasing the probability that the item sold online is not returned to the warehouse,
taking the form of better recommendation algorithms or reduced processing and waiting time. Note that
investments might also be devoted to strengthening the cross-network externalities, thus increasing the
perceived value of the interaction between sides.
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with quality improvements, user experience and tailored results.
Finally, let A\ with & = {b, s} denote the position of each seller or buyer uniformly
distributed along the interval [0, 1] and 7, > 1 the transportation cost for unit of distance

incurred by a user type-k. The utility of the buyers is:

v+ By x4 Py nk — pé — Tp+ Aps if joining platform ¢ located at 0,
up = (1)

v+ Byl + ¢y - nd — p{) — 7(1 — Xp), 1if joining platform j located at 1.

v is the standalone utility obtained by buyers when joining the platform. On the seller

side, the profits are:

nt s+ Bs - xt —pl— T A, if joining platform i located at 0, 2
s =

ni s+ Byl —pl — Ts(1 — Ag), if joining platform j located at 1.

né -¢s can be interpreted as the revenues obtained when interacting with the buyers. Note
that there is no standalone utility on the seller side. It implies that sellers are better off
only when a transaction is finalised.

By solving for the user indifferent between the two platforms, the following demands

can be retrieved:

< 1 pl =1 dp(nt —nd) | By(x’ — i) ‘ ;

=)= 40 =0b s I=1-)N=1—-n! 3
"o b 2 + 27 + 27 + 27 ’ % b T, ( )

and
j i i J i j

; Ds — D ¢8(nb_nb) Bs(x* — a7) i i

=) e = — S J=1—-A;=1-—n". 4
M= A= ot Ty T T s . s ()

The two competing platforms set the membership fee p§C on the side k of the market
and decide on the level of investments. Investments =’ may generate some values for the
users while also determining a return to the platform. An investment z* returns into a
value v- 2%, where v € [0, 1) captures the ability of the platform to monetise it. This term
can be interpreted as the probability that a flow of investment 2 directly returns to the

platform. Intuitively, with v = 0, a positive investment z! does not generate any return
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to the platform. We assume that investment costs are sufficiently convex and represented
by Q(x%), with Q/(2%) > 0 and Q”(2%) > 0. For simplicity, we let Q(z') = 2?/2. The

profit function IT* is linear and additive as follows’:

' = nj - ph+nl-pl+v- 28 — Qah). (5)

When considering a duopoly market configuration, we shall ensure that the profit

functions are concave. Hence, we make the following two assumptions.

(A1) 1 -Ts > & - ¢s, cross-group externalities are sufficiently low.

(A2) 47g 75 > (Ps + ¢b)2 + Bs - Bo(ds + dp) + Bg T+ ,8,3 - Ts, value generation is upward
bounded.

Assumption 1 presents a common restriction in the literature. The opportunity cost
net of network externalities should be high enough when users benefit from the in-
vestments or at least strictly positive when investments are absent. An implication of
this assumption is that cross-network externalities should not be too strong or that the
sides of the market should be sufficiently differentiated (Economides & Téag 2012), i.e.
Ty - Ts > Op - ¢s. Assumption 2 requires that, overall, the value accruing to users is not
so high such that sellers and buyers exploit them at high enough rates. In other words,
there cannot be a situation where investments generate enough surplus for both sides of
the market simultaneously. In practice, value-increasing investments might benefit one
side more than the other. Alternatively, an investment primarily directed toward own

returns cannot entail spillovers which are disproportionately high for both sides.

Competitive Bottleneck We also consider a competitive bottleneck environment. We
let one side of the market (endogenously) multihome. In many industries (e.g., mar-
ketplace, software industry, video-game), the sellers often join one or more outlets. By
eventually multihoming, sellers pay the subscription fee twice (to both platforms), incur

total transportation costs 75, while benefiting from the investments undertaken by both

"Rochet & Tirole (2003) use a multiplicative demand. Parker & Van Alstyne (2005) presents different
demand specifications by considering: i) additive; ii) additive recursive; iii) multiplicative; iv) shifted
multiplicative; v) multiplicative recursive.
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platforms, if any. Indeed, they can obtain up to Bs(z + 27).® Profits of the sellers are as

follows:
ni - s —ph + Bs - xt — T4 - A, if joining platform 4,
s = ni “ Qs — pg + Bs - — 75(1 = Ng), if joining platform j, (6)
(”é + nZ)% —ph— pg + Bs(x' + 27) — 74, if multihoming.

Consider the seller indifferent between singlehoming on platform ¢ and multihoming.
Assume that her location is at A, then nj - ¢s —pl+ B 2' —75- AL = (né—i—ni)qﬁs —pi—pl+
Bs(zt + %) — 15 & Ao =1+ W Next, consider the seller indifferent between
multihoming or singlehoming on j, i.e. Mo=1+ %ﬁ_ﬂsxl The total demand for
each platform is the sum of those sellers who singlehome and those who multihome. It

follows that ni = A and nl =1 — AL and the market shares of the two platforms are:

. 1, A A A 1 , A
ngz)\g:?[é-gbs—p%)—i-ﬁs-x’ and nf,,El—)\;:T—[nz'gbs—p{)—l—Bs-x]] (7)

S S

The demand for the platform increases in the number of consumers the platform can reach
(i.e., ni and n{)) and in the value generated by the platform on this side of the market,
whilst it decreases with the membership fee (i.e., pg and pg) Profits are concave and this
is ensured by a slight modification of Assumption 1 (see Appendix).

The timing of the game is as follows:

e Stage 1: platforms decide whether or not to invest.

e Stage 2: conditional to this decision, platforms choose investments and prices

simultaneously.

e Stage 3: the market clears. In the end, buyers and sellers decide about the platform

to join and the market clears

The analysis is conducted by backward induction. In the next section, the competition
between platforms with singlehoming users on both sides of the market is considered,

while in Section 3.4 the competitive bottleneck is examined.

8This assumption can be relaxed but does not change the results. For instance, by considering de-
creasing returns when joining the second platform.
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Table 3.1: Return(s) to investment

Parameters
Type of Investment v Bs B
Mixed case >0 >0 >0
Return to the platform >0 =0 =0
Value-creation for users =0 >0 >0

Note: All parameters are bounded between 0
and 1.

3.3 Competition with Singlehoming Users

Consider a market where two platforms compete for singlehoming users on both sides
of the market. Once the market shares in the third stage are derived, in the second
stage platforms make their decision on the pricing structure and investments to maximise
(5). From the pricing strategies (see Appendix), it can be seen that, apart from its
direct feedback on the platform (i.e., ), the level of investments is correlated with the
price charged on each side and the value it creates. To see it, consider investments only
impacting on the seller side of the market (i.e., s > 0 and S, = 0), then investments
not only affect the seller price, as one may expect in a traditional one-sided market, but
also the buyer side. Such an indirect effect is mediated by the cross-network externalities
which govern the pass-through, i.e. ¢p - B - Az, where Az = % — 27,

Note that investments generate a demand expansion on both sides of the market. The

total effect on the market shares is as follows:

dnz_ ®p - Bs + Ts - By dné_ bs - B+ 7 Bs

) — S — 8
det  2(1y - Ts — P - D) =0 det  2(1y - Ts — Py - Ps) 0 ®)

Clearly, when platforms behave symmetrically, any investment effect on market shares

is neutralised. , From the first-order conditions of equation (5), we obtain the following
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results:
apls 2(77) T — Qp - QbS) Q(Tb T — Gy - ¢s)
oI i i '
P By ' o — L +np=0 (9)

apé . 2(7-6'7—8 _¢b'¢s) 2(7—6'7_5 — ®p st)
ot pé(ﬁs s+ By - Ts) pg(ﬁs Ty + By - ¢s)

o Are 7 — (b 02) | 2me s — (Dp 4 D))

P—xt by +

Therefore, we can state the following proposition:

Proposition 1. Regardless of investments, equilibrium prices are ps = s — ¢p and p; =
Ty — ¢s. When investments are undertaken, their optimal level increases with its return

to the users and to the platform, i.e., x* =~ + %(ﬁs + Bp)-
Proof. See Appendix. O

Investments always increases with the value generated on the user sides.The greater
the value engendered on each side of the market, the greater the investment effort. In
equilbirum, platforms split the market equally with net =np2* =1 /2 and ni’* = ni’* =
1/2 and charge the usual Armstrong (2006)’s price: the Hotelling price discounted by
cross-network externalities, such as pi’* = pg’* = 75— ¢p and p;’* = pg’* = 75 — ¢s. Due to
the symmetry of the industry, platforms fail to pass their investment effort onto prices.
These are neither directly nor indirectly paid by sellers and buyers as long as platforms

are symmetric. Hence, the competition between symmetric platforms translates into an

immediate surplus for buyers and sellers for any £ > 0 with k{b, s}.

Proposition 2. There is always an incentive to invest to prevent business stealing effects.

Hence, in equilibrium both platforms invest and earn

Hinn _ Hi(l'i’*|$j’*) :Hj(gjjr*|xi’*) = é(él (’}/2 + Ty + Ts — (¢s + ¢b)) - (/68 + Bb)2> .

(10)

Platforms split the demand equally, i.e., n5* = n2* = 1/2 and ni’* = nz’* =1/2.
NV, *

Proof. By plugging p?w’* and p, 7 into the the profit and demand functions, results are

immediate. O

84



CHAPTER 3

From the above expression, when investments are undertaken, platforms’ profits de-
crease with the square of the investment effort, which instead increases positively with
the value accruing to buyers and sellers. The more users evaluate platforms’ investments,
the more platforms will invest and this would affect their profits adversely, other things
equal.

In the next proposition, we provide a comparison of the equilibrium profits.

Proposition 3. Absent investments, platforms obtain:
o A . . 1
e — Hz(xz _ O’x] _ 0) — H](xj — O’.%'l — 0) = 5(7'8 + 7 — ((z)s + (Z)b)) (11)

Profits are higher absent investments (Investment-Prisoner Dilemma) if and only if

_ﬁs"’ﬁb
Ve =T

Proof. See Appendix. O

Investments are ex post profit-enhancing for both platforms when they can ensure
a sufficiently large return for themselves. The threshold ensuring greater profits when
investments are performed is identified by 7.s and increases with the value generated on
its users. This happens as platforms engage in a sort of investment war in the hope of
grasping more users from the rival’s turf. In equilibrium, however, the market shares and
the prices remain the same and any possibility to increase profits comes from sufficiently
direct returns, such as stock consolidation, data monetisation, or efficiency.

Moreover, higher profits with investments do not warrant a platform to be better-off
after investment and may be trapped into a Prisoner Dilemma type of situation. Due to
business stealing effects, each platform is tempted to invest a bit more of the rival. In
equilibrium, they invest symmetrically and they can be worse off when investments do
not translate into a direct return. This result closely resembles Thomes (2015): platforms
cannot credibly commit to abstaining from investments as there are always investment

temptations.
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3.4 Competitive Bottleneck with Multihoming Sellers

In this section, we consider the case when (some) sellers multihome. We follow Armstrong
(2006) and Belleflamme & Peitz (2018). By anticipating second-period market shares,
platforms non-cooperatively and simultaneously set their investment effort.

Platforms maximise their profits by chosing prices and investments. From the first

order conditions, we obtain the following results:

O ph(27 - 7s — ¢ - ¢b) Py

51)?;' 2TS(Tb'TS_¢b'¢s)_2(Tb'TS—¢b-¢S)+n8:0

o phos P 7S .

8}9%) : (Tb Ts — ¢b ¢s) 2(Tb P (bb . ¢8) +ny = 0 (12)
8Hi'— i pb(ﬁs'gbs—’_ﬁb.Ts) pé(QIBS'TS.Tb—’_(ZSS(/Bb'TS_BS‘(pb))i

op Tt 2(1 -1 — (dp + ¢s)) * 274(Ts - b — (o + ¢s)) =0

Let the superscript {inn,*} indicate the equilibrium results when investments take

place and {no, *} the equilibrium results when investments are not considered, then:

Lemma 1. Absent investments, equilibrium prices are:

no,x (bs((bs + 3¢b)
Py =TT
. " (13)
piot =1 (0s =)
When platforms invest, equilibrium prices are:
inngk (4Tb *Ts — ¢s(3¢b + ¢s) - Bs : ¢s(ﬁb =+ 2’7)) + 53(27'3 *Tp — @bb : ¢s)
Py (27—8 ,83) 27—3(27_5 - Bs) (14)
plnn*_ 8(65(55"}/—’_/817) (QSS qbb))'i_ﬁ?'(ybb
s 2(2715 — B2)
and the investment effort is
* 27—5(2’7 + ﬁb) + Bs(d)s + d)b)
= . 1
! 2(215 — 32) (15)
Proof. Immediate from the first-order conditions. O

In theory, with a competitive bottleneck, a platform should set a monopoly price on

the multihoming side of the market as providing the only possible access to the buyer side
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(see e.g. Armstrong 2006). In practice, as recently shown by Belleflamme & Peitz (2018),
this is not always the case as letting some sellers multihome induces a price reduction
on the seller side relative to when sellers singlehome. This result is also confirmed by
our analysis. Consider the equilibrium outcome absent investments. In this case, “the
bottleneck effect” does not dominate any other effect and sellers are granted a better
treatment relative to buyers. When cross-network externalities equal between sides (i.e.,
¢ = ¢s = ¢p), platforms let sellers to entry at no cost and set a higher price on consumers
are charged pgo’* =Ty Ts— Tii When buyers benefit more from the interaction with sellers
(i.e., ¢s < dp), sellers are subsidised as a higher price can be set to buyers: cross-network
externalities are discounted less from pZO’*. The two abovementioned cases resemble the
pricing strategies set by Amazon for Alexa developers and Google Play for app program-
mers. ¢ The only case in which sellers experience a higher membership price is when they
benefit more from the interaction with buyers. In this case, absent any investment, ps ™
increases with A¢ = ¢5 — ¢, and the buyer price decreases.

We note that absent any investment, as long as ¢s < ¢y, letting sellers multihome
increases the surplus of sellers relative to a case of singlehoming sellers. In the latter
case, sellers always pay a positive price. This result easily emerges when considering
¢s < ¢y, that is, when sellers face any membership fee or are subsidised. When invest-
ments take place, pém’* is clearly positive. This is because the multihoming sellers not
only have access to the exclusive consumers (“the bottleneck effect”) but also to the level
of value-increasing investments provided by both platforms. Thus, more sellers prefer to
multihome as this homing decision leads to increasing the marginal benefit from invest-
ments. A price increase emerges also when ¢ > ¢, and the new price set by platforms
is as much as larger as A¢ = ¢s — ¢ increases. Results clearly resemble those with a
monopolist platform (see Appendix).

Formally, absent investments, the market is split as follows:

nox 1 nox _ Ps+ ¢b‘

nb == — n e

2’ s A1, (16)

9See Business Insider, ’Amazon is making a big step with Alexa as the voice wars with Google and Mi-
crosoft escalate’, May 16, 2017: http://uk.businessinsider.com/amazon-paying-alexa-developers-
2017-5. (Accessed2018) .
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With investments, the number of buyers and sellers is going to be

n'li)nn,* _ %’ ik _ BS(Bb + 2'7) + (d)s + Cbb)’ (17)

’ 2(27s — B3)

as long as there is some surplus generated by investments on the seller side. Note that
more sellers multihome when investments are undertaken. Interestingly, platforms can
attract additional sellers and expand their market shares without subtracting them to the
rival. Indeed, each platform provides access to exclusive contents to an increased number
of sellers and the increase is proportional to the investment effort and the ability to gain

from investments. Formally, we have

nznn* . nl:zo,* _ x* - Bs
27
In other words, some singlehoming sellers now become multihoming. As a result, there
is an incentive for the platforms to set a higher price on this side of the market while
reducing the burden for the other side of the market. As compared to the case without
investments, the bottleneck is partly restored by the greater market coverage induced by

investments. The effect on the price is immediate from the following comparison:

Bs (/Bs(¢s + ¢b) + 27—5(2'}’ + Bb)) z*- 3

A s = inn’* _ Ok — _ 37
D DPs Ps 4 (27'5 — /832) 9 (18)
inm,x - Bs Qs (Bs(¢s + qbb) + 27—3(2’7 + ﬁb))
App=p, " —p, =-— 10n =5 = —¢s- Aps

First, we note that when investments affect only the buyer side of the market without
any direct effect on the seller side (i.e., 55 = 0), the model resembles the results obtained
with singlehoming sellers. In other words, as investments do not stimulate additional
multihoming, prices remain unaltered on both sides of the market as there is no redistri-
bution of the generated surplus. As long as 85 > 0, there is an increase in the price on the
seller side as each platform moves towards a condition where it monopolises the market.
The magnitude of the price change is equal to half of the all value generated on that side
of the market. As a result, platforms can lower the price by the same magnitude scaled

by the seller cross-network externalities ¢s on the buyer side. The larger ¢s, the larger
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the price reduction for the buyers.

Second, by simple comparative statics, we note that any increase in the ability of the
buyer side to grab benefit from investments reduces the price differential between the case
without and with the investments. For instance, any increase in f leads to 0Ap, /95, < 0.
As the price differential is negative, [, forces greater investments and a price change,
which turns out reducing Apy, with pznn’* converging towards p; ”*. In the same manner,
an increase in the ability of the seller side to grasp some value from investments, 35, is
translated into a proportional change in Ap;. The next lemma summarises the above

discussion.

Proposition 4. Investments foster more multihoming. The prices are shaped by the
intensity of the investment in a way that sellers are charged more while buyers face a
lower price. If the investments only affect the buyer side of the market (i.e., s = 0 and

By > 0), the results are the same as with singlehoming users on both sides of the market.

An immediate consequence of the investment activity is that buyers increase their sur-
plus regardless of whether 5, > 0. The surplus of buyers (may) increase for three effects:
(i) the price discount (Lemma 4) offered by the platform (which, instead, raises its seller
price), (ii) the market expansion on the seller side, which is positively welcomed by the
buyers because of their taste for variety, and (ii7) the investment effect whenever buyers
directly benefit from 8, > 0. It is important to note that when buyers do not internalise
a direct benefit from investments, the first two effects still generate additional surplus.
On the seller side of the market, the surplus creation, in contrast, is less straightforward.

We can summarise this as follows:

Corollary 1. Investments always increase the surplus on the buyer side regardless of

whether buyers experience a direct value-creation.

We have not yet discussed the optimal level of investment undertaken by platforms.

This is summarised by the following lemma.

Lemma 2. The fiercer the competition on the seller side, the greater the level of invest-

ment provided by the platforms, i.e. —0x* /015 > 0.
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There are some important aspects emerging in this scenario relative to when sellers
singlehome (see Lemma 1). First, investments depend on the fierceness of the competition
on the multihoming side of the market and on the sum of the cross-network externalities.
How would platforms react to a more intense competition on the seller side? Lemma 2
states that as 7, — 0, platforms are perceived as more substitute by sellers (i.e., easy
portability and compatibility, preference for the brand). As a result, platforms engage in
a fiercer competition on the investment dimension. This happens as now sellers can be
charged more and determine a feedback on the opposite side of the market in terms of the
surplus generated to buyers. Platforms hence try to attract as many sellers as possible
by engaging in an investment war. Such a result does not apply to when singlehoming
users are considered: in that case, what matters is only how users internalise platforms’
investments through gy for any k = {b, s}

As in the previous case, platforms are always tempted to increase their investment

effort. This is described by the following proposition.

Proposition 5. Profits are always lower with investments (Investment-Prisoner Dilemma)

if
Bo | Bs(ds + o)

b
< = — _—
Y Vb 9 + 47—3

Proof. See Appendix. O

As with singlehoming users, investments may not ensure that platforms are ex post
better off. Proposition 5 shows that they are better off investing in value creation if and
only if they can generate a sufficiently large feedback effect. In other words, while on
the one hand, platforms can now partially transfer their investment effort into prices so
as to increase their profits, on the other hand, platforms should find ways to partially
internalise what causes an increase in user experience through direct returns. Hence, this
needs to be sufficiently large, v > 7. Else, unless they are sufficiently forward-looking
and able to anticipate such a scenario, platforms could find themselves trapped into a
prisoner dilemma type of situation, that is a situation where they invest but lower their
profits. From a direct comparison with the singlehoming case, one can easily verify that

the minimum level of v leading to profit-enhancing investments increases with S, and S,
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but now it also depends on the cross-network externalities and 75. Indeed, a greater ability
of users to internalise investments makes the competition between platforms harsher in
the investment dimension. Investments increase but in parallel platforms should be able
to better monetise their investment efforts (greater ).

Moreover, cross-network externalities play an important role: the term (¢s + ¢ am-
plifies the interrelation between the sides of the market. Hence, the more buyers and
sellers are interrelated, the greater the feedback effect needs to be to avert the prisoner
dilemma, that is, the situation for which platforms would rather prefer not to invest but
they do so only because of the expected strategic move of the rival. Finally, a third term is
crucial to make platforms ex post better off with investments: as platforms move toward
monopolistic market shares, namely softening the competition on the seller side 73 — o0,
a little effort in monetising investments is required. In other words, when platforms are
more differentiated, they find less strategic to investment in value creation as the sellers
and buyers will be less prone to switch to the rival platform. As a result, they can invest

less and reduce the impact of investment costs on profits.

3.5 A Comparison

So far, we have discussed the two regimes separately. It remains to compare which of the

two regimes yields the greatest level of investment, i.e.,

Proposition 6. (Total Investment Expenditure). The investment effort is greater
(smaller) when sellers multihome provided the existence of enough (low) competition on

their side, i.e. s — 0(1Ts — 00).

Proof. Let z.s be the investment effort with singlehoming sellers and ., in presence of

multihoming sellers (Proposition 5), then

. 278(27+Bb) +5s(¢s + ¢b) - (’Y+ Bs +ﬂb)

Feb ™ Fes = 2 (2, — 52) 2
19
Bs </Bs(2'7 + /Bb) + (¢8 + d’b) — 275 + /83) ( )
B 2 (275 — Bg)
which ultimately implies that z., — zcs > 0 & 75 < BS(QVJFB”)Z(%JF%HBE. The opposite
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otherwise. O

The above proposition is consistent with the previous discussion. A fiercer compe-
tition on the seller side of the market (i.e., reduced transportation costs) fosters more
investments from the platforms in the attempt to attract more sellers and, as a result,
more buyers. When transportation costs are low, users (of any side) are less attached
to their preferred platform and more sensitive to any price and investment change. This
implies that more sellers will prefer to multihome by increasing the market coverage of
any platform. By contrast, when the market is more differentiated, the incentive for sell-
ers to multihome moving from a situation of exclusivity (singlehoming) is lower and so
the returns for the platform. As the marginal return of investment is greater for a fierce
enough competition, investments will be higher when sellers multihome relative to when
sellers singlehome. In the opposite case, for a sufficiently large differentiation, sellers are
less mobile across platforms and so the platforms invest less relative to a purely symmetric
market with singlehoming users on the seller and buyer side.

We have also discussed that, relative to the singlehoming case, when sellers multihome,
the minimum level of direct return for the platform depends on several parameters. The

next proposition compares the two network configurations.

Proposition 7. Having (some) multihoming sellers requires a lower return to the platform

Bs (27'3_(¢s+¢b)) > 0.

relative to the case with singlehoming sellers, i.e., Yes — Yeb = I

From a managerial perspective, this result suggests that platforms may find it opti-
mal to soften the competition and maximise the returns from investments by allowing
multihoming on one side of the market (i.e., seller side). This is consistent with the con-
ventional wisdom that sees many operating systems allowing large compatibility across
platforms without imposing exclusivity restrictions. When considering data extraction,
the above proposition suggests that platforms may find it more profitable to allow sellers
to multihome as this lowers the minimum amount of data to be collected, integrated and
monetised. Indeed, multihoming sellers may mitigate or even avert the prisoner dilemma

previously discussed with less effort and data to be monetised.
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3.6 Extensions

3.6.1 Separate Investment Flows

Throughout the paper, we have assumed the presence of multidimensional effects aris-
ing from the same source of investments. Sometimes investments do not generate any
return. To verify how this matters in our framework, this section provides an exten-
sion of the main model. It supposes that the investment flows are separate: (i) one
flow of investments generates some value for at least one side of the market, and (ii)
another flow of investments return to the platform as a positive feedback. By separat-
ing the flows of investments, it does imply that the profit function can be rewritten as
I’ = né -pf) +nlpl 4y G- % — %, with z; the amount of investment returning to the

platform and ¢; the level of investments affecting a type-k user of platform i by A% - ¢;.

The proposition below summarizes some of the effects arising.

Proposition 8. (Separate Investments). When users singlehome, the total level of
in-vestment is not affected by the decision of undertaking separate investment programmes.
When sellers multihome, the total level of investment, the price on the seller side and

platforms’ profits decrease, while the price on the buyer side increases.
Proof. See Appendix. O

Thus, when users are constrained to join only one platform, results remain unaffected
by the type of investment flow. Hence, a platform would be indifferent between set-
ting separate investments or allowing multidimensionality between investment creating a
value for the users and investments creating a value for the platform itself. The story is
somewhat different when sellers multihome. Here, the platforms would rather prefer to
differentiate the investments that affect the platform and the investments whose value-
creation accrues to the users. This is because the platforms set a lower level of investments
on the user side of the market. By setting a lower investment level, fewer sellers will move
from exclusivity to non-exclusivity and so the price change will be impacted less. Hence,
the bottleneck effect is lowered relative to when investments are multidimensional and

so the seller price. Coupled together, a lower investment effort and lower price and de-
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mand on the multihoming side of the market generates a reduction in the profits of the
platforms. The main findings of our model, however, remain unaltered and a prisoner
dilemma could be generated for sufficiently low direct returns.

An interesting question emerging from the above discussion is whether, whenever value
creation is not multidimensional, platforms should devote their investment effort only to
themselves without impacting on the users. By simple inspection, it can be verified that
if platforms can decide which type of investment to pursue, they would always prefer to
devote their investment effort towards themselves in the forms of direct return to the
platform and not to engage in an investment war with the rival and ex-ante identical

platform. To see it formally, we can simply set z; = 0 and see that profits reduce by

2BpTs +/35‘(¢s +¢b)
1675(275s—62)

3.6.2 Side-specific investments

One might argue that investments are side-specific. In other words, platforms can only
influence the utility, the experience, the profits of one side of the market only. In this
subsection, we consider the case in which platforms can engage in investments toward each
side. As investments creating a direct value for the platform are always equal to their
marginal contribution (), we overlook this aspect and we consider only what happens on

each side. Call 7 investements made on side k = {b, s} by platform i = {1,2}, platform

. . . . . 7,2 4,2
i obtains the following profits IT* = nj - py +n - pl — 55— — xb2 . We present the following
results.
Proposition 9. (Side-specific Investments). When users singlehome, the total

level of investment is not affected by the decision of undertaking side-specific investments.

Platforms set

CS,% Bb
T, = =

s,k 58
b 9" - 5

T B)

When sellers multihome, the total level of investment decreases. Platforms set

chyx @ chyx ﬁs(gbb + ¢s)
Ty T o0 - f2)

The above proposition presents twofold results. First, with singlehoming users on both
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sides of the market, results remain identical to those in the benchmark model (Proposition
1). Hence, :Ugs’* = % and 257" = % Hence, there is no change on aggregate investments
and prices and investments are equal to half the value engendered on each side of the
market. Second, with multihoming sellers, the investment effort does not change on the
buyer side of the market. Platforms set 2 = % As investments imply the conversion
of some singlehoming sellers to multihomers, the investment effort changes and now takes
into account the sum of cross-network externalities (¢s+ ¢p). The larger the interrelation

between sides, the larger will be the benefit on this side of the market. This happens

because the optimal level of investments can also be written as

chyx Bs(@bb + QSS)

— Cbx
W aen -

In other words, the investment effort is equal to the the number of sellers in the market
multiplied for the value generated by investment on that side of the market. We note
that, as any time investments can be separated (see above discussion), the invrestment
effort is reduced relative to the comparative case and this decreases by % This
indicates that the multidimensionality of investment matters and induces platforms to
over-invest relative to a scenario where side-specific investments can be provided. As a

consequence, the number of multihoming sellers is reduced and indeed also prices are less

sensitive to the investment effort determining a reduction in total profits.'®

3.7 Conclusions

This paper provides an analysis of investment decisions in two-sided markets and how the
two-sidedness of the market shapes the platform incentives depending on the difference
in cross-group externalities between sides and on how investments generate some value
for the platform, buyers and sellers.

While, theoretically, platforms can pass their investment efforts onto prices, this may
not always be the case when competition exists. When platforms are symmetric and all

agents single-home, platforms are always tempted to invest a lit bit more than the rival

10T he proof is not reported but follows the same mechanism of Proposition 8 by allowing for side-specific
investments and y = 0 (for the sake of simplicity).
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to expand their market share. However, in equilibrium, prices remain unchanged and no
market expansion arises. As a result, platforms are trapped in a Prisoner Dilemma type
of condition unless able to obtain some direct return.

Results change dramatically when (some) sellers are given the possibility to multi-
home. First, as long as not all sellers multihome, the bottleneck effect arising in these
markets is almost null. As a result, absent investments, platforms charge more buyers than
sellers. This result resembles what would happen with a monopolist platform. Second,
when investments take place, some singlehoming sellers become multihomers. Hence,
platforms can increase the price on this side of the market which is proportional to the
level of investment and in turn alleviate the burden on the buyer side of the market.
All in all, investments on the sellers side of the market are translated into a surplus
for buyers who experience more multihoming sellers (i.e., variety) and a price reduction.
This happens as platforms can relax the competition on the multihoming side of the
market and compete more for the exclusive buyers offering the latter a price cut. Hence,
authorities should persuade platforms not to restrict seller homing to only one platform
when these are symmetric before and after investments. Third, the above discussion
shows that the bottleneck effect discussed by Belleflamme & Peitz (2018) and which
disappears without investments can now be partly restored with investments on the seller
side. This would thus induce some singlehoming sellers to multihome. Fourth, a network
configuration allowing sellers to multihome can more effectively mitigate or avert the
prisoner dilemma typical in a symmetric industry with a lower feedback effect required.
It is important to note, however, that this finding does not automatically imply that a
competitive bottleneck supports more investments in equilibrium: it does so only when
the market competition on the seller side of the market becomes sufficiently intense. Else,
increased investments are more likely to be experienced in a fully symmetric setting with
sellers and buyers exclusively joining one platform.

To conclude, this paper shows that further research into this area can be conducted.
In particular, investments may not only be devoted to generate value for the platform
and its users but also to increase or reduce the competition in the market and the cross-

network externalities. For instance, platforms in social media may invest in accurate
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systems to provide sellers or advertisers with better information about the users joining
the platform and, hence, increasing their expected utility. Similarly, investments may
improve the condition of one side and the expenses of the others. For instance, int he
social media industry, investments in moderation of user generated content may increase
the willingness to pay of advertisers (who would face a lower brand risk) and reduce the

utility of users whose content could be scrutinised.

Appendix - A

Derivation of the Hessian Matrix

To ensure that the platforms’ profit function is well-behaved, given the simultaneity of
prices and investment decisions, the Hessian matrix is required to be positive semi-definite.
The Hessian matrix is

-1 Bs To+Bbbs BoTs+Bs ¢y
2(Tp Ts— - Ps) 2(Tp Ts — - Ps)

Hi () ( — Bs To+Bb s _ Tb _ Ps+¢s
n(@pem) = |5 LSS il e

Bs p+Pp-Ts Ps+dp

— Ts
Z(Tb'Tsfqﬁb'd)s) 2(7'17'7'5*¢'b'¢s) TpTs—Pp Ps

The three leading principal minors should be alternate in their sign, i.e. (—=1)"A, > 0,

with r > 0 identifying the r — th principal minor. Then,

Ay =—1

_Tb2(47—8 - /83) - 27—()(68 : ﬁb + 2¢b)¢s - 513 . QZ)E
B = A7y - 75 = Go - Ps)? (A
/83'Tb+5§'7—5_4Tb'7-s+ﬂb'5s(¢s+¢b)+(¢b+¢5)2

4(Tb “Ts — Pp - ¢s)2

Ag =

Hence, we make the following assumptions:

(A1) 775 > &b - Ps.

(A2) 47y 7y > (b5 + 00)? + B - Bo(ds + dp) + B2 Ty + B2+ T
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Proof of Proposition 2

To study whether a platform would optimally decide to invest or not and given that a
closed-form solution is not computationally feasible due to the number of parameters we
use, we study whether there is a tendency for a platform to deviate from the equilib-
rium where neither platform invests towards an equilibrium where both platforms invest.
Suppose an infinitesimal change in the level of investment of platform i from z’ = 7' to
2t = 2i + 7 with 7 — 0, ¢ = 0 for 27 = 0, i.e.
i i
B i ™ P

- — X -
mgtizimg dxt \:,;_/ (A 2)

First, v > 0. Second, there is always a demand expansion determined by investments (see
equation (8)). Hence, platforms have always incentive to deviate and invest a bit more

to gain larger market shares and more revenues.

Proof of Proposition 3

Rearranging equation (10) yields:

I — Hno(xz — 0;.’B] — 0) + % — (/85";8&»)7 (A—3)

: : : inn _ Trno _ Y2 (Bs+8p)? inn no _
which implies that II "0 = & — ===~ As profits I[I'""" < II"? when v < 7.5 =

%, then an Investment-Prisoner Dilemma arises. Both platforms would be better by

not investing relative to when they engage in investment activities.

Derivation of the Hessian Matrix in Section 3.4

Consider the competitive bottleneck, the Hessian matrix is:

1 Bs(2Ts To—¢sPp)+BpTs s Bs db+BbTs
275 (Tp Ts —Pb- Ps) Tp'Ts—Pb* Ps
Hi it 8 — | Bs(27Ts Ty — s db)+ By T Ps 1 T o Ps+os
H(Jj ’ps’pb) 2Ts(Tb'Ts*¢)b‘¢s) Ts (Tb‘Ts*(z)bﬂSs) 2(7'b'7—s*¢b'¢s)
Bs-pp+PpTs _ Ps+op _ Ts
2(7y Ts —p-ds) 2(Ty Ts —Pp-bs) Tp Ts—Ppbs
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As the first principal minor is negative (Ag’l = —1 < 0), the Hessian Matrix needs a

positive second principal minor and a negative third principal minor.

b det H
We refer to A3 = 4TS(TS.T:_(¢S+%))2 < 0, where

det H® = 28,8y 75 (ps+p)+ B2 (21 Ts— (ds+p)+75 (262 —+7 (253 T+ @p + &2 + 6y - s — 8T, - Ts),
The also implies that, for any 8y = 8s =0, 871, - 75 > gf)z + @2 + 60y - @

Proof of Proposition 5

First, we verify whether profits are higher with investments. Consider an infinitesimal
change in the level of investment of platform i from 2! = 2 to 2 = 2% + Z with  — 0,

xzt =0 for 27 =0, i.e.

Ox! :vi:ii;xj:O T da? *dz \l/
. o A-4
_ n i dny, n i dng (A-4)
_\L Py dl’z bs d.%l
>0

First, v > 0. Second, there is always a demand expansion determined by investments
(see equation (8)). Hence, there is always an incentive to invest. Next, by a simple
comparison of equilibrium profits before and after (symmetric) investments, it emerges
that

')’2 " Ts (Bs(ps + dp) + 25y - 7'3)2

Hz’nn,* o Hm),* — _ . A—5
275 — 552 167 (27—5 - Bg) ( )

Hence, profits are reduced with investments if

Bb_'_ﬁs'((z)s‘i‘(bb).

A-
2 47 (A-6)

Y deb =

Hence, an Investment-Prisoner Dilemma arises: platforms would be better off by not

investing relative to when they do engage in investment activities.
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Proof of Proposition 8

Consider the profit function when sellers multihome and the symmetric case, by setting

the level of the investment, it can be shown

ch — 6b+/88

CcS
pr— d
=5 an .

(A7)

It follows that the total level of investment equals the equilibrium level of investment in
Section 3.3, i.e., o = (% + 2 =y + =5~
In a competitive bottleneck, the story is slightly different. Platforms optimally set

the following level of investment

/Bs(¢s + ¢b) + 275 By
2(27s — 52)

Cd’ =7 and 2% = (A-8)

By a simple comparison, the total level of investment is now smaller than what previously
found in the main model. By summing up ¢ + 2z, the latter is now smaller than the

2.
equilibrium level of investment shown in Section 3.4, i.e., 5 TB 5—782‘

We can now verify whether different prices are set as a consequence of changes in
the level of investments. Clearly, no effect arises when all sellers singlehome as the total
investment effort remains the same. Instead, when some sellers multihome, we can see that
buyers are charged relatively more when investment flows can separated and this happens
because the investment effort is clearly lower. On their side, the price increases by r:ii = Z;
By contrast, as the level of investments is lower, fewer sellers will start multihoming and

Ps Y Ts

therefore the price on their side would decrease by S p Let the equilibrium prices

when sellers multihome be p® where k = {b, s}, then

pcb _/BS(d)b — B 7s) + 75(¢s — )

b — )
2(215 — B2)
Ao
b T Ts — 05300+ ¢5)  BI(27s - T — dp - @) (A-9)
b = 00 — 52 2(27, — B2)7,

By comparing the effect on the total profits, these now decline by ﬁ when

compared to the main model with multidimensional investments. Finally, a competitive
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bottleneck environment where both platforms invest will ex post dominate an equilib-
rium where neither platform investment provided a sufficiently large direct return for the
platform. To see it, compare the two profits

(492 = B2yry Bs (480 7o(0s + 80) = Bo(877 7+ (6, + 80)%))

T 421, — 2) 1674(275 — 52)

mn no __

o _ (A-10)

te d Lt _ BS(¢S+¢b)+25b'TS
> W = T S
and this is positive for v > v, where 7y o /on G BD)

Appendix - B (Monopoly)

The model

Consider a monopolist located at 0, a unit mass of buyers and unit mass of sellers uni-
formly distributed along the interval [0, 1]. Buyers and sellers face transportation cost 7%
per unit of distance, with k& = {b, s}. Consider the seller indifferent between joining the
platform or staying out of the market, it follows that according to the position Ag, the

demand on this side of the market is

O) 1f>\520<:>71'8<0
ns =\ = %[nb-(bs—ps—l—ﬁs-x], if Ay €[0,1) & 15 >0
1, fs=1m>0 & 7175<np-¢-x+Ps T —ps
(B-1)

depicting the case of partial market coverage, for any marginal developer located at A €
(0,1), and full market coverage, when transportation costs are not large enough. We
do not consider the case with no market share, which arises when the price set by the
platform is excessively high, i.e. ps > np - ¢s + Bs - <= g < 0.

The utility of buyers is instead u, = v+ By - T + ¢p - s — pp — Te + A\p, When joining the
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platform, and us = 0 otherwise. The demand on the consumer side is kinked:

0, ifAM=0cu<0
=M= Llot Bzt dpons—py| X E[0,1)Su>0

1

(B-2)
Again, we do not consider the case with zero market shares on the consumer side, which
arises when the monopolist sets a price p, > v + ng - ¢p + Bs - .

The profit function is the same as with competition and so the timing. In the first
stage of the game, the platform decides whether to engage in value-increasing investments.
Conditional on this decision, the platform decides the level of investments and the pricing
strategy on the sides of the market. Finally, the market clears. by solving the game

backward, the users make heir decision as follows

¢

Ts(V=pp) —PsX 4 (Bb'TSt:ﬁs'(z)b)m if ng < 1 & )\8 € [07 1]

£

ny = V+Bp-T+Pp—Pe if ng =1 & As € [07 1] (B—3)

Tb

1, ifng=1 & As=1

and

X-¢(v—pp)—ps-Tp + x(Bs-Te+ By Ps)
€

S

L ifnp<1 & Ael0,1]

ng = { Bs-a+ds—ps ifn,=1 & Xel0,1] (B-4)

Ts ’

1, ifnp=1 & A=1

From the above expressions, four scenarios arise: partial market covered on both sides
of the market (ns < 1 and ny, < 1), full market covered (ns = 1 and ny = 1), and two
asymmetric scenarios with full market coverage in one side and partial market coverage
in the opposite side, e.g. ng = 1 and ny, < 1 or ng < 1 and np = 1. We now discuss
the case with partial market coverage on both sides of the market. Then, the other three

cases are presented.
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Partial market coverage on both sides

Consider a partially covered market with ny, < 1 and np < 1. In the second stage,
the monopolist platform makes its strategic decision on the level of investments and on
the price on both sides of the market. From the first-order conditions, we can derive
the equilibrium values and state the following result: when the platform invests, the

equilibrium outcome is

2" = [ (9 +6)” = 470 72) = 0(Bu(@s + 60) + 2By - )] (det H)
pinm — [ —v(By - Bs - Ts + B2y + s - @ds) +v(Bo - Ts(Ppp — @s) + Bs(Pp(Ps + Bo) — 27 - Ts):| (2det H)—l

pznn,* = [U(B? Ty — 2Ty - Ts + ¢s(¢s + ¢b) + Bs . Bs . ¢s) + ’7(63 . T(¢s - ¢b) + 6b(¢s(¢s + ¢b) — 27 - Ts)):| (2 det H)_l

innx _ V2 ((¢s + pp)* — 47 - 7s) +0° (B2 — 275) — 2v - v(Bs(ds + Pb) + 2Bp - 7s)

1 2(det H)

(B-5)

where det H = 232 - 7, + 265 Ty — 47y - Ts + 2By - Ts(ds + dp) + (ds + )2 < 0. Absent

investments, Nash values are

2

no,x __ _ _ U™ - Ts
II _H(x_O)_4Tb'Ts_(¢s+¢b)27
10,% _ _ v (27—b *Ts — X(¢s + ¢b)¢s) nok __ _ o Ts* U(¢s - ¢b)
B ey P R s e ap
(B-6)

Thus, the price set on each side of the market is sensitive again to the different in
the cross-network externalities between sides. It can be seen that py”™ < 0 for ¢ < ¢y,
ps®" =0 for ¢s = ¢y, and ps>* > 0 for ¢5 > ¢. In any case, buyers are always charged

a positive price. This pricing structure resembles very closely the pricing structure set by

platforms when multihoming sellers are allowed. .

Proposition 10. A monopolist has always an incentive to invest in value-creation as
long as the investment cost function is sufficiently convex. The incentive to invest and

the level of investment increase with v, Bs and [By.

Proof. To prove the above proposition (i.e, II(z*) > II(z = 0)), the interior solution z*
should be unique. If II(z) is concave and z* is a local maximiser of the profit function,
then z* is also a global maximiser. Rewrite the profit function as Il = R(z)+~ -z —Q(x),

and differentiate with respect to z to obtain II'(x) = R/(z) + v — Q'(z). The function is
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concave if R"(z) — Q"(z) <0< Q"(z) > R"(z), i.e. Q”(x) should be sufficiently convex
such that Q”(z) > R"(z) > 0 and R'(z*) + v = @/(2*) maximises the profit function.
Provided that the solution is unique, to prove that II(z*) > II(x = 0), it suffices that
Il'|3=0 = R'(z)|z=0 + 7 > 0. Because R'(z) > 0, then p/(z) > 0 and p..(z) > 0, therefore,
revenues increase, Because investments are profit-enhancing, the profit function is well-
behaved, and the investment cost is convex, there must be an interior solution z* such
that II(z*) > I(z = 0). To see it analytically, let Q = x2/2, the incentive to invest is

equal to:

* (a7 = (90 -+ 80)?) + 0(50(05 + 63) + 26 7))
Al =1I(z") = I(x = 0) = 3 (s £ 002 — dr - 7) (det H) > 0.

(B-7)
O

Proposition 10 states that the incentive to invest always increases with the ability
of the platform to obtain any returns. In the same matter, provided that end-users
can benefit from platform’s investments (i.e. 35 or (), the platform promptly increases
its spending and extract from users the resultant surplus. To verify how the platform
manages its pricing strategies and how extracts the surplus generated to (some) user(s),

let us look at the price differentials.

Proposition 11. When the market is partially covered and the monopolist engages in
value-increasing investments for at least one side of the market, buyers are always charged

more for any ¢s < ¢y, while sellers are charged more whenever ¢g < ¢p.

Formally, call Aps = p"™* — pt®* the price differential for developers and Ap, =
pznn’* — p, " that one for consumers, then:

£(Bo(2m 7 — (&5 + 0)0) + Bs - (e — 05))
(p? — 47g - 1) (det H) ’

A _5(55(2% Ts — (s + Op)0b) — Bp - Ts(P — %))
bs = (&5 + 00)% — 475 - 7) (det H) ’

Apy =
(B-8)

where £ = y(41, - 75 — (¢s + ¢)?) + v(Bs(ds + d) + 28 - 75) > 0. First, consider the

change in the consumer price. As ¢s < ¢y and 27, - 75 > (ds + dp) s, then Ap, > 0 is
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always positive. Next, consider the price on the seller side. Depending on ¢ different
cases can be established: for ¢ — ¢y, it follows sign(Aps) = sign(Apy) > 0. Suppose
not, suppose ¢ < ¢p, it immediately follows that Ap, > 0, whereas /Ap, is negatively
impacted by Sp.

Thus, cross-network externalities have a crucial relevance when investments are con-
sidered. For any ¢s — ¢3, both sides of the market value the opposite side in the same
way and as a result, both are charged more when investments affect end-users, e.g. 85 > 0
and (B > 0. This result is rather intuitive as both sides evaluate the interaction with the
opposite side of the market in the same manner. Things change when interactions with
the other side of the market are valued differently: for ¢5 < ¢p, buyers, who benefit more
from cross-network externalities, are charged more relative to the pre-investment case,

while the effect on sellers may be ambiguous and increases with ¢s.
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Superstars in two-sided markets:

exclusives or not?

4.1 Introduction

Two-sided platforms enable valuable interactions between different groups of agents.
When platforms compete, an agent usually faces a trade-off between single-homing and
multi-homing. On the one hand, multi-homing allows an agent to interact with a large
mass of agents on the other side. On the other hand, the platform is a bottleneck for
single-homing agents. As a result, depending on their relative importance for the other
side, this puts them in a better bargaining position vis-a-vis the platform(s).

However, not all agents create the same externalities to the other side of the mar-
ket. As noted by Biglaiser et al. (2019), some agents are more relevant than others and
this can give rise to market power. Examples can be found in several markets. In the
music industry, popular artists (e.g., Beyoncé, Taylor Swift) are generally valued more
than emerging artists. The same happens in the market for apps (e.g., Whatsapp and
Instagram), open source software (e.g., Red Hat), games (e.g, Fortnite), news (i.e., Sean
Penn interviewing El Chapo), sport broadcasting (e.g., Real Madrid, Juventus). In retail
markets as well, consumers usually value the presence of a branded, luxury or popular

retailer differently from the presence of local or not-branded retailers. For simplicity, we
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call these agents “Superstars”.

The aim of the present article is twofold. First, we give a rationale to the choice
of a Superstar to sign an exclusive contract with a platform. Second, we identify the
impact of such a choice on platform competition, i.e., whether exclusives are pro- or anti-

1 We consider two platforms acting as intermediaries between consumers

competitive.
and firms (e.g., content providers). Consumers subscribe to a platform to have access
to its catalogue. The firm side is composed of a Superstar and a mass of small firms.
The Superstar acts as a monopolist supplier of her premium product and offers take-
it-or-leave-it (TIOLI) contracts to either one or both platforms. The other firms are
price-takers and have no bargaining power vis-a-vis the platforms.

We find that Superstar exclusivity induces demand asymmetries between platforms.
Namely, under non-exclusivity, platforms are symmetric, all small firms multi-home, and
the downstream market for consumers is equally split. With Superstar exclusivity, more
consumers affiliate with this platform attracted by the exclusive premium product. This
generates some positive spillovers on the firm side. First, aggregate variety increases as
more firms join the platform hosting the Superstar exclusively than in the case of non-
exclusivity. Indeed, some zero-homers become single-homers. Second, some small firms
who were previously active on both platforms find it profitable to join only the platform
hosting the Superstar. Indeed, some multi-homers become single-homers. All in all, there
is a (second-order) feedback effect that we call “ripple effect”.

Although this effect emphasizes the gains of exclusivity, the latter would require to
give up a large customer base and lose the associated revenues. As a result, exclusives
would require the Superstar to extract enough surplus (and revenues) from the platform
hosting the premium content. The optimal choice ultimately depends on the fierceness of
platform competition, which determines the magnitude of the ripple effect. When compe-
tition is sufficiently intense, the ripple effect gets stronger and increases the profits of the
Superstar, who then opts for exclusivity. This is because a large mass of consumers would

migrate to the platform hosting the Superstar. The Superstar extracts more surplus via

'Recent evidences show Superstar exclusive contracts in the music industry changed platform compe-
tition, helping Apple and Tidal to gain market shares against Spotify. See e.g., RollingStone, October 5,
2016. "How Apple Music, Tidal Exclusives Are Reshaping Music Industry’: http://www.rollingstone.
com/music/news/inside-the-war-over-album-exclusives-w443385.
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an exclusive deal by exploiting the endogenous asymmetry in the market. The mechanism
is reversed when platforms are sufficiently differentiated. In this case, the ripple effect is
weakened. Not many consumers would switch from one platform to the other and so the
Superstar prefers a wider audience and multi-homes.

This article also sheds some light about potential anti- or pro-competitive implications
of exclusive contracts for the small firms and consumers. Typically exclusive contracts
and market power ring multiple alarm bells in the policy circles. For instance, in the music
industry, the Chinese regulator, SAPPRFT, argued that exclusive contracts “ultimately
harm the (music) industry”. Similar arguments were made by Spotify in 2016 claiming
that Superstar exclusives were bad for artists, consumers, and platforms.? Our results
offer a different perspective. First, we find that exclusivity always increases the welfare
of small firms. This happens because Superstar exclusivity encourages the entry of firms
that were not active otherwise. Second, in some cases, consumers benefit from exclusivity
because final price do not fully internalize the value added by the Superstar. Indeed, our
results suggest that policymakers should not be worried. Contrary to the conventional
wisdom that regards exclusivity as potentially dangerous for welfare, it may also represent
the first-best outcome in the industry.

In the baseline model we make three simplifying assumptions: (i) consumer single-
homing, (i) one-sided price competition, and (7i) presence of one Superstar. Regarding
assumption (i), one could argue that consumers may be damaged by exclusivity when they
are allowed to multi-home. The staunch fan of a Superstar with a strong preference for one
platform would need to multi-home to access the content of her preferred artist at another
platform. Similarly, firms are often subsidized or charged to offer their product. This
requires us to relax assumption (i7). Furthermore, there may be more than one Superstar
and their decision to go exclusive may restore symmetry between platforms as well as
reduce or amplify the ripple effect. We relax these three assumptions in the extensions.

We demonstrate that our main results and intuitions remain robust to richer and complex

2See e.g., Digitalmusicnews, September 18, 2017. ’'The Chinese Government Says Streaming
Music Exclusives Suck’ https://www.digitalmusicnews.com/2017/09/18/sapprft-streaming-music-
exclusives/
See e.g., The Verge, August 26, 2016. ’Spotify talent manager: Exclusives are ’bad for the
whole industry” https://www.theverge.com/2016/8/26/12657630/spotify-exclusives-subscriber-
numbers-2016-troy-carter.
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scenarios: the Superstar always prefers exclusivity in a sufficiently competitive market as
the ripple effect is strong and non-exclusivity otherwise.

The outline of the paper is structured as follows. In Section 4.2, we present some
parallels with the existing literature. In Section 4.3, we present the preliminaries of the
model. We discuss the main results in Section 4.4 and the implications for the welfare
and policy-makers in the subsequent section. Section 4.6 discusses several extensions and
shows the generality of the model. Section 4.7 provides a discussion of the main results

and their applicability to several industries.

4.2 Related Literature

Our article relates to the stream of the economic literature on two-sided markets (Rochet
& Tirole 2003, 2006, Armstrong 2006) and on homing decisions. In a recent article,
Belleflamme & Peitz (2018) examine the allocative effects of homing decisions. They show
that when platforms prefer to impose exclusivity to both sides of the market, at least one
side is likely to be harmed, whereas allowing multi-homing may accomplish the purpose
of having all sides of the market and the platforms better off. In a similar and related
study, Armstrong & Wright (2007) let platforms offer a contract to sellers. They show
that when platforms offer an exclusive contract to some sellers, they do so by charging
a prohibitively high price to multi-homing sellers and a discount to single-homers. As a
result, there is a partial (complete) foreclosure as all users on this side (both sides) would
prefer to single-home. In Hagiu & Lee (2011), platforms bid for content providers on a
lump-sum transfer and they distinguish two cases: the outright sale of the content to
the platform and the control right for the content providers. More recently, Ishihara &
Oki (2017) consider platform competition in a market where a monopolist multi-product
content provider decides how many content to provide exclusively to each platform and
how this affects its bargaining power relative to the platform(s).

This article takes a different perspective. First, while most of the literature considers
markets populated by small agents (see e.g., discussion in Biglaiser et al. (2019)), we
explicitly model heterogeneity in market power between agents in one side of the market.

Specifically, the Superstar acts as an all-powerful supplier of her product and can exercise
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market power vis-a-vis the platforms. The small firms instead are heterogeneous in their
production cost and are price-taker. Second, the Superstar offers a premium product
relative to the other firms. This is very similar to the premium content discussed by
Armstrong (1999) and more recently by D’Annunzio (2017)3. Third, following Rosen
(1981) we let the Superstar be more efficient than any other firms. This aspect emerges
as the small firms have positive and heterogeneous production costs, whereas production
costs of the Superstar are negligible.

To the best of our knowledge, this is the first article incorporating agent’s market
power in a two-sided market model. The contractual arrangement we use is equivalent to
letting the Superstar auctioning her exclusive product and let the platform(s) bid for it.
For this, we follow Jehiel & Moldovanu (2000): they implement a second-price sealed bid
auction with a fixed fee, where the optimal bid equals the difference between winning and
losing the auction. In our case, the contract fee is equal to the difference of the profits
obtained by the platform winning the contract and the profits obtained when the rival
wins the contract.?

Exclusive contracts have recently become topical among scholars. Weeds (2016) stud-
ies the incentives of a vertically integrated TV to offer its premium programming to a rival
distributor. She finds that when competition is dynamic, exclusivity might be the best
solution, thereby contrasting traditional findings in static markets. Because of switching
costs, the future market share advantage might outweigh the opportunity cost of renounc-
ing to some current audience. Similar to Weeds (2016), in our model, the emergence of
exclusivity is linked to the strength of the downstream competition. However, our result
depends on the static ripple effect rather than on the dynamic aspects stemming from
switching costs. Moreover, our results also differ from D’Annunzio (2017). She consider
two competing platforms and the decision to provide a premium content. She shows that
whereas a premium content is always offered exclusively, vertical integration between the

provider and one platform may change incentives to invest in quality. In our model,

3 Armstrong (1999) shows that, in a traditional one-sided market, a premium content is always offered
exclusively. Moreover, in comparing different types of contracts, he also shows that, with exclusivity, a
lump-sum contract is revenue-maximizing relative to a royalty-based one.

“Montes et al. (2018) apply this auction mechanism in a model where an upstream data broker sells
data to either one or two downstream firms. They show that, with a contract based on a fixed tariff, the
data broker always finds it optimal to sell data exclusively to one firm.
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the premium provider faces a trade-off between exclusivity and non-exclusivity and this
choice depends on how intense platform competition is. On a somewhat different scenario,
Kourandi et al. (2015) study the contractual decision made by Internet Service Providers
to content providers. Similar to our results, they show that exclusivity can be welfare en-
hancing when competition of content providers over informative ads is sufficiently intense.
Finally, Chen & Fu (2017) show that an exclusive contract determines a surplus realloca-
tion from firms to consumers. We argue that when considering a two-sided market and
the ripple effect, social welfare may increase with exclusivity as determining endogenous
entry of additional firms.

Whereas several theoretical articles have dealt with exclusive contracts, the empirical
literature is still lacking. Datta et al. (2017) examine music consumption and variety in
digital platforms and their impact on discovery and top artists. Ershov (2018) looks at
the mobile app market. The latter study is quite relevant for our analysis and concerns
the entry of a strong competitor (the Superstar) in the Google Play app store. The author
shows that when the Superstar enters in a niche market, she entails a demand-discovery
effect and generates additional entry. This result is somewhat similar to our mechanism,

for which exclusivity fosters more entry of small firms in the market.

4.3 The model

We consider a two-sided market along the lines of Armstrong (2006) where consumers
single-home and firms can either multi-home or single-home. Hereafter, we refer to firms
as content providers (CPs). There are two platforms i = 1,2 located at the opposite ends
of a unit-length Hotelling line. Platform 1 is located at the coordinate x1 = 0, whereas
platform 2 is located at the coordinate xo = 1. Platforms set prices p; to consumers,
whereas CPs freely access the platform and obtain marginal benefits v when interacting

with consumers (i.e., ancillary revenues such as merchandising).?

There are two types
of CPs: small content providers and the Superstar. These are free to choose to not
participate in the market (zero-home), to join one platform (single-home), or to join both

platforms (multi-home). A graphical representation of the market is depicted by Figure

5This assumption is relaxed in Section 4.6.3.
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The Superstar Content Providers
i (Artists)
Platform1 =" 71 Platform 2
Consumers

Figure 4.1: Market configuration

4.1.

The Superstar is defined by the following properties. First, she brings to the table an
additional value for consumers relative to small CPs. For instance, she offers a premium
content with strong capture. Second, she has all the bargaining power over her content
and makes a TIOLI offer to the platform(s). The Superstar offers a fixed fee contract from
the set {{FEY {FF}, {FNE, FNF}} to the platforms, where F¥ is an exclusive contract
FNE

and is a non-exclusive contract offered to platform ¢. The profits of the Superstar

when offering an exclusive contract to either platform are

™ =~.D; + FE,

when platform ¢ receives the exclusive contract. D; is the share of consumers subscribing
to platform 4, while v > 0 represents the strength of cross-network externalities. These
externalities can be interpreted in terms of final transactions with each consumer joining
the platform. For instance, these can identify ancillary revenues such as merchandising,
advertising, and any other type of multi-market contact. This assumption captures the
idea that CPs care, to some extent, about the size of their potential audience. If the

Superstar offers non-exclusive contracts, her profits are

7 =~ . (D4 Do) + FNE + PN,

Small CPs have no bargaining power and have heterogeneous production costs denoted

by f, which are uniformly distributed on a unit interval and, for each CP, f does not
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differ across platforms. As the Superstar, CPs obtain the cross-network benefit v from
the participation of an additional consumer at platform i € 1,2 when affiliating with that

platform. A cost-f CP joining platform ¢ obtains the following profits

Small CPs are active on platform i as long as they obtain positive profits i.e., m;" > 0

implies f < f; :== - D;. The total mass of small CPs on platform ¢ are

n; = Prob(f <~-D;)=~-D,. (1)

Clearly, a multi-homing CP obtains profits equal to 7" = v - (D1 + D3) — 2f.
Consumers are uniformly distributed along the Hotelling line and are identified by

their location x. They face a transportation cost 7 per unit of distance covered to reach

platforms’ locations. Consumers identified by the coordinate x closer to platform ¢ tend

to prefer platform ¢ all else equal. The utility of a consumer from joining platform i is

U=v+¢-g+0-ni—p;—7-|x; — x| (2)

where v is the intrinsic utility of joining any of the two platforms, p; is the subscription
price and g; is a binary function taking the value of 1 when platform i offers the Superstar
content and 0 otherwise. The cross-network benefit 6 together with ¢ is interpreted as a
measure of the aggregate quality of the entire catalogue offered by a platform. Throughout
the paper, we assume a sufficiently large v so that consumers always obtain positive util-
ity. We also assume that the transportation cost is sufficiently high (i.e., 7 > v- 60+ ¢/3)
so as to guarantee concavity in the price of the profit function and positive consumer

demands at the two platforms.

The Timing. The timing of the game is as follows. In the first stage, the Superstar
decides whether to offer an exclusive or non-exclusive contract. In the second stage, she
either offers an exclusive contract (F'¥) to platform 4 or non-exclusive contracts to both

the platforms ({F{VE, FNFY}). Platforms accept or reject the offers. In the second stage,
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price competition takes place and users and CPs make their simultaneous decision on

where to join. See also Figure 4.2.

Superstar Platform(s) Platforms Users and small CPs
| l | ] 3
1 | | | -
Decides on exclusivity Accept/reject set prices joining decisions t
the offer

Figure 4.2: Timing of the game

4.4 Analysis

In this section, the model is analyzed by backward induction. We first present the price
competition on the consumer side for a given presence of the Superstar in each plat-
form. Then, in the subsequent section, we analyze the optimal contractual choice of the

Superstar.

4.4.1 Price competition

Starting from the last stage, for given consumer prices and amount of contents present

in each platform, consumers decide which platform to join. Comparing u; with us, a

0-(n1—n2)+(p2—p1)+¢-(g91—9g2)
2T )

consumer located at coordinate x will join platform 1 if » < %—l—

so that the consumer demands on the two platforms are given by

1L 8-(ni—nj)+ @ —pi) +9- (9 — g,
Dilgig5) = 3 + ( i) (127) ( )

Dj(g9j,9:) =1 — D;(gi, g5)

The mass of small CPs joining platform ¢ is denoted by (1) and given by n; = v - D;.
Since consumers correctly anticipate the number of CPs present in each platform, the
consumer demands of platform ¢ and j become

T ¢-(9i—9;) — (Pi —pj) —0-~

Di(gi, 9;) = 2(r—0-7) * 2(1—0-7)

Dj(g5,9:) = 1 — Di(gi, 95)
(3)
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Going one step backwards, each platform anticipates the joining decision of consumers

and decides the optimal price p;. Platform ¢’s profits are
I — gi - F = pi - Di(9i,95) — 9i - F. (4)

Notice that, when prices are chosen, platform i has already received (or not) the offer
of the Superstar and has already accepted or rejected it. If the Superstar is present
exclusively on platform i, i.e., g; = 1,g; = 0, the platform 7 has to pay the fixed fee
F = F¥ in exchange for a rise in consumer demand due to a positive shift equal to ¢ in
the consumer utility. If the Superstar is present on both platforms, i.e., g; = g; = 1, the
platform 4 has to pay the fixed fee F' = F/'¥ to avoid losing market share to platform j.
If the Superstar content is not present on either platform, then g; = g; = 0.

By differentiating the profits in (4) with respect to p;, the first-order conditions give

the following result.

Lemma 1. Fori,j € {1,2}, with i # j firm i’s best reply is the following:

pilpy) = 2+ L1929 (i ~ )

pi 9y
2 2 +2

5

As expected, Lemma 1 shows price complementarity and the usual positive effect of
the transportation cost on the level of prices. Moreover, as in Armstrong (2006), the last
term accounts for the cross-network externalities. The novelty of this paper is the term
M, which captures the impact that the presence of the Superstar has in terms of
higher consumer price. Specifically, whenever g; = 1 > 0 = g;, the Superstar content
is exclusive to platform ¢, which can thus set a higher price in response to rival’s price.
Differently, if g; = g;, platforms are symmetric and the model resembles Rasch & Wenzel

(2013)’s analysis when content providers’ prices are set to zero. Formally, Lemma 1 leads

to the following two results.

Lemma 2. If g; = g; = g € {0,1}, the two platforms charge the same price pVEH* =
T — -0 to consumers. The platforms split the market equally (DVNF* :=1/2). Content
providers with f < fNF := ~/2 multi-home on both platforms, while content providers

with f > fNE zero-home.
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Lemma 2 describes a symmetric scenario where neither platform enjoys the compet-
itive advantage of the Superstar exclusive content. Two cases are comprehended in this
scenario. The first one with g = 0, in which no platform offers the Superstar content and
the second one with g = 1, in which both of them offer it. The presence of the Superstar
on both platforms makes them symmetric in the eyes of consumers precisely as in the
case without any Superstar. Figure 4.3 provides a graphical representation of consumer
and content provider demands.

Differently, the equilibrium consumer prices when the Superstar makes an exclusive

offer are

Lemma 3. If g; =1 and g; = 0, the equilibrium prices are:

E, NEx | @ E, NE,
i*:p *‘f’g pj*:p i

|-

Platform i has a higher consumer demand (DZE’* = % + m > Df’* =1- DlE’*).

Proof. See Appendix. O

Lemma 3 highlights important differences with the symmetric case described above.
First, one can observe that an exclusive contract renders the final prices asymmetric: the

price in platform ¢ is always larger than the price in platform j. Then, we also note that

Ex _  NEx ¢ NE, x B NE x ? NE, x
3 .

Db; P+ >p ) P, =p -

<
3 p

So, the price goes up (down) for the platform (not) signing the exclusive contract. Also,
the demands of the two platforms are unbalanced in favour of the platform with the

Superstar exclusive. We can then conclude that:

Proposition 1. Superstar exclusivity fosters content variety and induces single-homing
of some other content providers. Content providers with f < - Df’* multi-home, those
. . E7* E7* . . .
content providers with f € (- D"~ D; | single-home on platform i, while all content

providers with f > - Df’* zero-home.

The above proposition provides evidence of the mechanism activated by the Super-

star. Superstar exclusivity impacts on the homing decision of the other CPs generating
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additional exclusivity. This is due to an interesting and novel effect which we call ripple
effect, that is, the feedback generated by exclusivity in one market (the Superstar mar-
ket) onto another market (the CP one). As depicted by Figure 4.3, when the Superstar
offers a non-exclusive contract, the market is equally split and all CPs with low produc-
tion costs multi-home, while all CPs with high production costs stay out of the market
(zero-home). With the Superstar exclusive, more consumers are active on platform i with
respect to platform j (first-order effect). Since the number of CPs active on a platform
depends on the number of consumers joining that platform, some zero-homers and some
multi-homers now become single-homers. Indeed, more CPs enter the market and the
mass of CPs active on each platform becomes asymmetric as well.

Figure 4.4 shows this mechanism graphically: all CPs with sufficiently low production
costs remain active on both the platforms. Instead, CPs with production costs larger than
the utility provided by platform j single-home on platform ¢, while the others continue to
zero-home. In other words, the Superstar’s decision triggers a domino effect mediated by
cross-network externalities such that (some) high-cost and previously inactive CPs and
some CPs previously multi-homing endogenously become active exclusively on platform
1. Remarkably, this happens without the necessity of an explicit contract as the presence
of a larger proportion of consumers on a platform makes it attractive for some high-cost

CPs. All in all, Superstar exclusivity generates single-homing of other CPs.

4.4.2 Superstar
Superstar exclusivity

In this subsection, we look at the case when the Superstar offers an exclusive contract
to one platform. Borrowing the mechanism from Jehiel & Moldovanu (2000) and Montes
et al. (2018), the Superstar offers the contract to platform i under the threat of offering
the exclusive content to the rival if platform ¢ rejects the offer. This setting is identical
to a setting in which the Superstar let platforms compete in an auction and allocate

the exclusive content to the highest bidder. Formally, the Superstar solves the following
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Figure 4.3: Market configuration when the Superstar is absent or offers a non-exclusive
contract.
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Figure 4.4: Market configuration when the Superstar offers an exclusive contract to plat-
form 1.
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problem

max > = maxy - D; + FF

FE

subject to Hf’* —FF > H?
L) —)? . .

where T19 = Hf’* = % is the profit of platform ¢ when contractual agreements
with the Superstar breaks down and platform j accepts the contract. As a result, the
Superstar sets FF = HZE’* — HZO such that the participation constraint of the platform i

is binding.

Lemma 4. When the Superstar offers an exclusive contract to platform i, she sets a fee

equal to FE* = ? and obtains w5F* = % +- (% + m)-

The above lemma shows that the Superstar appropriates more than two-thirds of
the surplus generated by her presence on the consumer side. Given the above contract,
demands are DZ-E’* = % + ﬁ and Df* =1- DlE’*. Notice that, at equilibrium,

1> DP* >

E?* —_—
i =

% > Df’* > 0. The corresponding total number of CPs on platform 1 is

n v - DZ-E’* and nJE* = D}E’*, with nf* > nf* > 0. As in Armstrong & Wright

(2007), exclusivity induces a demand expansion for the platform getting the contract.

Superstar non-exclusivity

Next, we study an incentive-compatible contract which is accepted by both platforms.
To compute the outside option of each platform, we look at the case when the respective
platform rejects the contract offered by the Superstar. The profit of a platform ¢ when
the Superstar contract is rejected is the one obtained when the offer is accepted only by
the rival (HJE* = % =119).

Since the Superstar offers a contract to both platforms, she obtains revenues over the
entire market. To be incentive compatible, each platform has to prefer profits IIVF*(g =
1) = (1 —7-0)/2 — FNE to the outside option TI°. Formally, the Superstar solves

mlgst = F{VIE%NEW (D1 + Dy) + FNE + FNE

subject to IV E*(g=1)— FENP > 119 Vie1,2

1
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It follows that the Superstar sets the fixed fees such that the participation constraint of

the platforms are binding.

Lemma 5. When the Superstar offers a non-exclusive contract to both platforms, she sets

2
S,NE*:,y_i_% %

NEx _ ¢ ?? :
a fee equal F =35~ B0 and obtains w = S0

18(7

Superstar contract choice: Exclusivity or not?

The Superstar’s decision is based on the comparison of profits in the two regimes.

_ 99%-0+3y-¢+2¢>

Proposition 2. The Superstar offers an exclusive contract when T < T : oy

Else, she offers a non-exclusive contract.

Proposition 2 is the result of a trade-off between reaching all consumers (non-exclusivity)
and extracting a larger surplus from one platform (exclusivity). The ripple effect elicited
by exclusivity results in a larger proportion of consumers joining the platform offering
the Superstar content, and so some small CPs single-home along with the Superstar. It
is important to note that the ripple effect gets stronger as the degree of differentiation
between platforms decreases. This happens because, in a market where platforms are
perceived as less differentiated, consumers find themselves less attached to their preferred
platform. As a consequence, the exclusive content creates incentives to switch from one
platform to another for a larger proportion of consumers as 7 decreases. This demand
effect is then passed onto the opposite side of the market inducing a larger mass of small
CPs active on that platform (ripple effect). This exclusive contract creates a demand
expansion on the consumer side resulting in a larger mass of content providers being ac-
tive, which recursively feeds back onto the consumer side at the platform with exclusive
content. The business stealing effect of exclusivity is exacerbated due to two-sidedness
of the market. And so, this heightened business stealing effect creates additional revenue
which is extracted by the Superstar as FF* > 2FNEx

By contrast, when platforms are sufficiently differentiated, the ripple effect is not
strong enough as consumers stick to their preferred platform. Indeed, the Superstar
prefers a larger audience to the revenues from exclusivity. As in Weeds (2016), it is the
intensity of the competition in the market for consumers which makes the difference for

a Superstar. However, the mechanism that explains the optimal choice on exclusivity
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comes from the presence of this complementarity between the two sides which generates

the ripple effect.

4.5 Welfare Analysis

To understand the impact of Superstar exclusivity on the welfare of different agents, we

first compare Superstar exclusivity with Superstar absence.

Proposition 3. Superstar exclusivity increases total welfare relative to Superstar absence.

Specifically,

1. Consumers on the platform with Superstar exclusivity are better-off, whereas those
on the rival platform are worse-off. Overall, consumer surplus improves with exclu-

s1vity.

2. Multi-homing content providers are worse-off whereas those single-homing are better-

off. Overall, content provider surplus improves with exclusivity.
Proof. See Appendix. O

Therefore, there is a positive impact on the total welfare generated by exclusive con-
tracts. In relation to the complete absence of the Superstar, two effects can be highlighted.
On the one hand, the consumers and the CPs joining the platform without the Superstar
suffer. This is because the presence of the Superstar only on the rival platform results in
a shrink in the size of the network. In particular, because of cross-group externalities, the
shift of consumers from the platform without a Superstar to the one with the Superstar
also reduces the mass of CPs on platform j, with a negative feedback effect on consumers
and so on. On the other hand, the platform with the Superstar provides both consumers
and single-homing small CPs with a higher surplus compared to the case of no Superstar.
In aggregate terms, the second effect always prevails, so consumers and CPs are better
off with the Superstar.

The comparison between exclusivity and non-exclusivity becomes now quite straight-
forward as there are many similarities between the case in which the Superstar multi-

homes and the one in which she is absent. This comparison is relevant for two reasons.
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First, it allows us to highlight the conditions under which the incentives of the Superstar
are aligned /misaligned with the welfare. Second, it challenges the claim made by Spo-
tify in 2016 and by the Chinese regulator that Superstar exclusivity is bad for content
providers and consumers. Notice that the surplus of CPs is the same when the Superstar

is absent and when she multi-homes, so that we can conclude the following.

Corollary 1. Owerall, content provider surplus improves with exclusivity relative non-

exclusivity.

This result comes as a consequence of the feedback effect inducing some high produc-
tion cost CPs to single-home and some other CPs to become active in market. While
CPs with sufficiently low production cost are not affected by the decision of the Super-
star as they continue to multi-home, those who should welcome exclusivity are the CPs
with sufficiently high production cost. Interestingly, the presence of an actor with a large
market power and with a special treatment creates a positive externality in the market.
Indeed, this result suggests that emerging artists who otherwise would have struggled to

be active on the market should welcome Superstar exclusivity.

Proposition 4. Let v := % and 7 :=v-0 + 3—16{¢ +/72v-0-¢+ ¢2}. If competition
is sufficiently intense (T < T) and content providers’ cross-network externalities are suf-
ficiently large (v > v), consumer surplus is higher with Superstar exclusivity relative to

non-exclusivity.
Proof. See Appendix. O

The above proposition suggests that when the market is sufficiently competitive and
CPs’ ancillary revenues are sufficiently large, the overall effect on consumers is positive.
In other words, the positive effect on those consumers joining the platform with the
Superstar is strong enough to drive up the total consumer surplus. Instead, when the
market is sufficiently differentiated or content providers cross-network externalities (i.e.,
ancillary revenues) are not large enough, consumers would be better-off with the Superstar
offering the contract to both platforms. This result is quite intuitive. If the transportation
cost is sufficiently low, more consumers (i.e., consumers located relatively more distant)

are willing to join the large platform attracted by the presence of the Superstar. When
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CPs’ cross-network externalities are sufficiently large, the consumer price (i.e. see Lemma
2) decreases with 7. Indeed, when these two conditions hold, consumers enjoy a larger
surplus with exclusivity. Else, consumers prefer non-exclusivity as an exclusive contract
will damage consumer welfare.

Putting together the result shown in Proposition 4 with the one in Proposition 2, it
is easy to observe that when the Superstar offers non-exclusive contracts, her choice is
always welfare-enhancing for consumers and CPs. When the Superstar goes exclusive, it
could be detrimental for consumers in a small range of feasible parameters. The following

proposition describes this result in detail.

Proposition 5. If (i) y <~y and 7 < T or (ii) v >~y and T < 7 < T, the Superstar incen-
tives are misaligned with those of consumers. In all other cases, the Superstar incentives
are aligned with those of consumers. The misalignment occurs only when the Superstar

opts for exclusivity.

Proof. See Appendix. O

Non-Exclusivity benefits consumers

Exclusivity harms consumers| Exclusivity benefits consumers

ol Y

The figure shows that in the area on top of the blue line, the Superstar always chooses a non-exclusive
contract and benefits the consumers (i.e., high 7). For low 7 (under the blue line), the Superstar chooses
exclusivity but the effect depends on the parameter v. When ~ is low enough, exclusivity harms con-
sumers, whereas when + is sufficiently large (under the orange line), exclusivity improves the consumer
welfare.

Figure 4.5: Alignment of incentives
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Proposition 5 provides a complete picture of the effect of the Superstar’s decision on
the consumer welfare. It describes situations in which the Superstar’s choice between
exclusivity and non-exclusivity is not the one that would be preferred by consumers.
The Superstar and the consumers both prefer exclusivity when the transportation cost
is relatively low and cross-network benefits of CP sufficiently high (below the yellow
curve in Figure 3). For sufficiently large transportation costs, the Superstar’s choice is
aligned with what is beneficial for consumers as well (above the blue curve). In all other
cases, the Superstar offers an exclusive deal (because of the ripple effect) but consumers
would rather prefer a non-exclusive deal. The eventual convergence of interests has clear
implications for policy makers as it does not fully support the claim that exclusivity is

bad for consumers.

4.6 Extensions

The above results are robust to several extensions and more complex scenarios. We now
consider three alternative model specifications and relax some assumptions which may
seem unreasonable at first. Hence, we present a model with multiple Superstars. Then,
we introduce the presence of multi-homing consumers. Finally, we formally present a

model with a two-sided competition, where platforms can set a price to consumers and

CPs.

4.6.1 Two-Superstars

An interesting extension of our model relates to the contracting decisions of multiple
Superstars and how these eventually extract the surplus they generate for the platform.
Relative to the baseline model with one Superstar, the presence of multiple Superstars
lowers the surplus they can grab as the marginal value they create on a platform is
now reduced. In turn, this puts platforms in a better bargaining position wis-a-vis the
Superstar(s). In the following paragraphs, we explore the case of two Superstars.

For simplicity, let us consider N = 2 and denote the Superstars by Sy for k € {A, B},

each providing consumers with additional value of ¢.% These two Superstars simultane-

5 Our results hold for N > 2 Superstars as well.
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ously choose their contracts in the first stage. A Superstar Si’s strategy set denoted by
Q) ={E;,Ej, NE} is such that E; : exclusive contract to platform i, E; : exclusive con-
tract to platform j, and NFE : non-exclusive contracts. The simultaneous choice results
in nine possible market outcomes (see Table 4.1).” The payoffs of Sy given the strategy

kwk,—kw,k

choice of the other S_j is given as m, where wg,w_i € ). The entire game is

presented in Appendix.

Sp
E; E; NE

B AFEi,BEi _AEi,BEi AFEi,BEj _AEi,BEj AFEi,BNE _AEi,BNE

% (WA TR ) (ﬂ-A TR ) (ﬂ-A iy )

AEj,BEi _AEj,BEi AEj,BEj _AEj,BEj AEj,BNE _AEj BNE
SA Ej (WA TR ) (ﬂ-A TR ) (7TA TR )
NE ANE,.BEi _ANE,BEi ANE,BEj _ANE,BEj ANE,BNE _ANE,.BNE

(4 »Tp ) | (4 g ) | (4 »Tp )
The table depicts the payoffs of a Superstar for a contract strategy given the choice of the other
Superstar.

Table 4.1: Payoff Matrix

As mentioned, the presence of another Superstar reduces the marginal value created
by a Superstar relative to the benchmark case with a single Superstar. This is because,
in case of a contractual breakdown, the platform is now in a better bargaining position.
Suppose Sp to offer an exclusive contract to platform ¢, and S4 opting for exclusivity
as well. In case of a contractual breakdown, the threat of S exclusively going to its
rival does not hurt the platform as much wvis-a-vis the case of a single Superstar. Hence,
the outside option of platform i is larger. The analysis with two Superstars gives us the

following result.

Proposition 6. When there are two Superstars, the equilibrium contract choice is sym-

metric. Specifically,

1. When T < 7 :=min{ra, T8}, there are multiple Nash Equilibria: (E;, E;), (Ej, Ej)
and (NE,NE);

2. Else, when T > 7, there is a unique Nash equilibrium: (NE, NE);

where T, with k € {A, B} is the transportation cost cut-off to induce exclusivity of Super-

star k.

"The presence of N Superstars would result in 3 market outcomes.
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Proof. See Appendix. O

Proposition 6 shows that the presence of more than one Superstar always leads to
symmetric equilibria. On the one hand, there exist equilibria in which Superstars always
find it optimal to offer non-exclusive contracts, regardless of the intensity of competition
in the consumer market. On the other hand, when competition is sufficiently intense,
Superstars also find it optimal to make an exclusive offer to the same platform.

To grasp the intuition, consider the optimal response of Sp given the choice of Sy.
When Sy signs an exclusive contract with platform 4, it is first easy to show that Sp
would never offer an exclusive contract on platform j. Indeed, this would restore (almost)
symmetry between platforms, thereby partially the network effect created by Superstar B.
Hence, she faces a choice between offering an exclusive contract platform i and offering a
non-exclusive contract to both platform. Namely, she prefers to offer an exclusive contract
when she can generate sufficiently large asymmetries in the market and grab the resulting
surplus. Else, when S4 offers a non-exclusive contract, the unique best response for the
other Superstar is to offer a non-exclusive contract as well. This happens regardless the
value of 7. A similar argument can be made for S4. Hence, we always obtain symmetric
contractual choices.

All in all, the analysis of the best responses identifies the presence of different equi-
librium strategies. For a sufficiently low 7, Superstars either single-home on the same
platform or multi-home. By contrast, for a sufficiently large 7, multi-homing is the only
possible equilibrium. These results are consistent with the analysis in the main model
and picture a scenario in which Superstars’ decisions are self-reinforcing. Superstars fol-
low other Superstars as a lack of coordination would harm them by neutralizing the
externalities they create in the market and on the basis on which they exploit their mar-
ket power. An important and immediate implication is that exclusivity engenders again
more exclusivity not only among small CPs (as we previously shown) but also between

Superstars.
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4.6.2 Multi-homing Consumers

In this section we consider multi-homing consumers. This is important as the value
of the interaction between different sides of the market is what engenders our ripple
effect, which is crucial for the Superstar’s decision. When consumers multi-home, their
switching behaviour gets less relevant for CPs. Recent research has highlighted that
multiple interactions with the same consumers generate decreasing returns for the opposite
side of the market, such as advertisers or content providers (Ambrus et al. 2016, Calvano
et al. 2017, D’ Annunzio & Russo 2017, Anderson et al. 2018). As our ripple effect depends
on how many consumers would switch in response to the Superstar decision, multi-homing
is intuitively likely to dampen it. Notwithstanding, we show that for sufficiently low
transportation costs, the Superstar prefers to sign an exclusive contract. Else, she prefers
non-exclusivity. In the Appendix, we show that our main results and intuitions persist

even In a conservative scenario.

4.6.3 Two-sided Pricing

So far, we presented a simple model where platforms charge only consumers and CPs
make ancillary revenues. In the real world, it is often the case that platforms also charge
the other side of the market. For instance, CPs are remunerated by platforms like Spotify
and Tidal whereas Apple developers pay an annual fee to join the Developer Programme.
In a two-sided market framework, this implies that platform i sets a duple of prices {l;, p; }
to maximize profits, where p; is the price set on the consumer side and [; is the one on
the CP side.

Relative to a model & la Armstrong (2006), in which the price structure only depends
on platform differentiation (7 on both sides) and on cross-group externalities, in this
model platforms are differentiated only on the consumer side. This clearly implies that
a positive price paid by CPs does not necessarily result in a negative price paid by
consumers. Specifically, the consumer price will be positive, whereas the the price for CPs
will be always positive when their cross-group externalities v > 6 and negative otherwise.
In other words, CPs would be subsidized when ancillary revenues are sufficiently low (see

Appendix).
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Despite the fact that CPs are now influenced by the price (subsidy) when deciding to
join the market, the Superstar’s decision again remains influenced only by the fierceness
of downstream competition. When ancillary revenues for CPs are sufficiently relatively
small, CPs are subsidized (I; < 0) for the externality they create. Under exclusivity, the
response of any CP to additional consumer switching from platform j to ¢ is less reactive.
So, the platform hosting the Superstar subsidizes CPs even more. In the opposite case,
consumers are more important for the other side of the market, so the platform extracts
more surplus by charging them a higher price under exclusivity.

As we discussed above, exclusivity entails a direct effect on the consumer side and a
feedback on the CPs. By subsidizing or charging CPs, the platform mainly manages the
size of the feedback effect. The direct effect on the consumer side of the market (which
engenders the feedback effect) instead continues to depend on platform differentiation.
So, exclusivity emerges in equilibrium when 7 is sufficiently low, and non-exclusivity
otherwise. A potential shortcoming may be related to the welfare. As CPs pay a price,
it is not straightforward that exclusivity brings about a surplus generation. However, we

show that it is the case also in this richer setup (see Appendix).

4.7 Discussion and Concluding Remarks

We rely on a tractable yet intuitive model and provide a framework to understand why
exclusive contracts with an agent with market power (i.e., the Superstar) often emerge in
several two-sided markets. Specifically, we answer the question “Would a Superstar offer
content exclusively on one platform while trading-off a larger audience for a remunerative
contract?”. This paper presents the mechanism through which the Superstar prefers (not)
to offer an exclusive contract to a platform.

In terms of the contractual choice, the Superstar decides to join one platform (exclusiv-
ity) rather than all platforms (non-exclusivity) when platforms are not too differentiated
from the perspective of final consumers. A ripple effect is associated with the choice of
exclusivity, as it leads to asymmetric consumer demand in favor of the platform that hosts
the Superstar. As a result, this platform is also more appealing for a larger mass of con-

tent providers as some zero-homers and multi-homers become single-homers. This effect
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becomes less important when platforms are sufficiently differentiated, as consumers will
be less likely to switch from their preferred platform. Our model predicts that a Super-
star should prefer to be present only on one platform whenever platforms are sufficiently
similar in the eyes of consumers.

This result is robust to several extensions analyzed in the paper and it is applicable to
multiple industries. For example, in the supply chain industry, an agent offering patent
rights for a technology enhancing consumer experience may either sign an exclusive con-
tract or non-exclusive contracts. We conjecture that the platform winning the exclusive
right would attract more consumers as well as a larger cluster of small suppliers to that
product. This may result in cheaper production costs enhancing further a manufacturing
firm’s market power vis-a-vis the rival. The contractual choice will again depend on the
magnitude of the ripple effect. Another industry where our results are applicable is the
consumer retail mall industry. Popular stores exclusively in one mall can attract a larger
footfall of consumers wis-d-vis a rival mall. This makes it more attractive for smaller
stores to aggregate at that mall and hence more consumers so on and so forth.

This work provides two very clear implications for competition policy. The presence
of exclusive deals and market power usually cause concern among policy-makers and
regulators. Firstly, we suggest that, in most cases, the contract decision arising in the
market is the first best from a policy-maker’s perspective. This is because it always
generates positive spillovers in the seller side of the market (i.e., firms, content providers,
apps, shops) and can benefit consumers in several cases. We thus recommend policy-
makers to be circumspect when making market interventionist policies to correct for the
apparent harm in the market caused by exclusives. Market intervention in most cases
may be detrimental to welfare. Hence, catering to the extant negative view on exclusives
is not advisable without a detailed analysis of the specific market. Secondly, we suggest
that the raison d’étre of exclusive deals in the market may not be due to firm anti-
competitive strategies but they may be market-determined contracts that turn out to be

welfare enhancing.
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Appendix

Proof of Lemma 2

When g; = g; = g, the best replies of the two firms are symmetric, so that p;(p;) =

NE * NE *

pi(pj) =p =71 —7-60. Plugging p and ¢ into the demand and profit functions,

we obtain D* = 1/2 and IIVE* := (1 —v-0)/2 — g - FNP. For the last point, it is just
sufficient to notice that n; = v - D; = /2. For the sake of notation, we identify these

benchmark outcomes with the superscript '"NE’.

Proof of Lemma 3

When g; = 1 and g; = 0, the best replies are retrieved by Lemma 1. The equilibrium

NE

prices are simply piE’* = plNEx 4 % and pJE’* =p - % Plugging them into the demand

Ex 1

i =3+ —% __ and the demand for platform

functions, the demand for platform ¢ is D 5= 0)

j is Df’* =1- m =1- Df* Coupling together equilibrium prices and demands,
(3(t—v:0)+9¢)> _ FE and H]E’* _ (3(1—v-0)—)?

platforms’ profits are HiE’* = 8e—0) 8(7—-0) respectively.

Proof of Proposition 3

First, consider the case of no Superstar, i.e., g1 = go = 0. Consumer surplus is

1

st [ (0403 oty )i v 4 or0-50) <o o)

where the superscript b’ indicates the consumer surplus in the benchmark regime without
the Superstar.® This never occurs at equilibrium as the Superstar always finds it profitable
to be active in the market. Nevertheless, it is useful to grasp the net effect of the presence

of the superstar. In terms of surplus accruing to the CPs, we get:

PSb:/g (’7—2$)d$: 12
0 4

8 Note that due to the symmetry of demands under the benchmark regime and the non-exclusive
contracts case p”* := pNE*.
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Notably, the reason for the above expression is that, due to the symmetry of the game,
on equilibrium, all active CPs multi-home and hence find it profitable to access the total
consumer base while incurring double production costs. Indeed, the surplus accruing to
these CPs only depends on their cross-network externalities, that is, their transaction
with final consumers as there is no price due to affiliating with a platform.

Next, consider the case when the Superstar offers an exclusive contract. The consumer

surplus on platform ¢ is:

Ex
CSZ-E’*:/Z <v+¢-n?’*—pf’*+¢—7~x)dx
0
e 7T+ 67 0) — 3(57 — dv — 67 - 6) - pN B
ST(pNE)? ¢ (7T +67-0) =3(57 —4v —6y-0) -p :

whereas the consumer surplus on platform j is

1
Ex E x E
CS; _/DE’* (v—|—¢~nj —p; —T(l—x)>dx

(3pF")?

The total consumer surplus is

3v-0+6 T{cb? )

E’* = E7* E7* = —
CSP* = OSP4 O5P" = v+ T TANTRE

Consider now the surplus accruing to CPs. For ease of exposition, we distinguish between
the surplus generated for those CPs who multi-home (i.e., PS;,) and for those who single-

home (i.e., PS?) as follows:

PSfL:/Onj (’y—Qx)dx PSf:/:i (’y—x)da:

J

By comparing the consumer surplus on platform ¢ in the two cases, we have

>0

E b Ex bx __ G- T (T + pNE7*) ) ¢2
CSE" > CSY & CSE" = CSY = e + v
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whereas the effect on the consumer surplus on platform j is

¢ (p"EF—~-0)  (y-0—5pVEF) . ¢?

E,* b,* E,* b?* —
CSj < CSj 54 CSj - CSj = 12pNE’* 72(pNE,*)2

< 0.

Overall, the consumer surplus increases when there is exclusivity. On the CP side, we

have

2 2
E x bx __ i ¢

where PSE* = PSP* + pSl*. This happens as a larger mass of CPs are now active on
platform ¢

72 ¢?

24(pNE,*)2 >0

(PSE’* + PSE /2) — PSt/2 =

which dominates the surplus loss due to a lower mass of CPs multi-homing and joining

platform j

72 ¢?

B 72(pNE,*)2 <0

PSE*/2 - pSb* /2 =

Proof of Proposition 4

First, we need to calculate the consumer surplus when there is a non-exclusive contract.

This is simply equal to CSNF = CS® + ¢. A simple comparison gives

¢ (v-0—5pNEr) (6pVE 4 7) -7

E * NE * Ex NE,* _
s, > CS,; <05, Cs, TopNEr TN ER )2 >0
b.* b, * 2
o NE o NEx _ @-p-T  (y-0-5p"")- ¢
CS5;7" <05 <05 Cs; = Topi T < 0.
The overall effect on the consumer surplus is such that
CSPr—osNEr— 2L g T 01
36{ * (pb’*)Q} o
. 1 5¢
wr<iimy0+ {0+ V061 and y>qi= 0
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Proof of Proposition 5

To prove Proposition 5, compare the two cut-offs of 7 and 7. It immediately follows
that 7 can be larger or smaller than 7 for some parameter ranges. When v < v, non-
exclusivity damages consumers for any level of 7. Hence, when v < v and 7 < 7, we have
a misalignment of incentives: the Superstar chooses an exclusive contract but consumers
prefer a non-exclusive one. Suppose v > 7. In this case, if 7 < 7 exclusivity is chosen
and it increases consumer welfare. It immediately follows that interests of consumers
and the Superstar are aligned for 7 < min[7,7|. Else, these are misaligned. Note that

misalignment arises only when the Superstar chooses an exclusive contract.

Two-Superstars

To study the effect of more than one Superstar. For simplicity, let there be two Superstars
Sk for i € {A, B} generating a consumer benefit ¢ in the market. The timing of the
game is similar as in the main model. These two Superstars make a simultaneous contract
choice in the first stage by choosing among three strategies, { E;, Ej, NE}, where E; (E;)
identifies the case when Superstar S offers an exclusive contract to platform 7 (j) and
N E when she offers a non-exclusive contract. Hence, there are nine possible outcomes in
the market (Table 4.1). We proceed as follows. First, we present the four main scenarios
arising and the outside option each platform faces when a Superstar makes an offer.? In
particular, we look at the cases when (i) Superstars are exclusive on different platforms,
(ii) Superstars are exclusive on the same platform, (iii) one Superstar multi-homes and
the other is exclusive, and (iv) both Superstars multi-home. Then, we solve the game

and show that the main intuitions of the model remain (almost) unaltered.

Superstars are exclusive on different platforms

Consider the case where Superstar S4 goes exclusively to platform ¢ and Superstar Sp
goes exclusively to platform j. The utility of the consumer subscribing to platform 7 is

u; = v+ ¢a — p; — T|z; — x|, whereas the utility of an agent subscribing to platform j is

9Tt suffices to have only four scenarios to solve the game, as the remaining payoffs can be obtained by
appropriate substitution of the notations for those cases.
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uj =v+ ¢ — pj — T|lr; — x|. The demands are easily derived. When price competition

takes place, platform 7 sets a price

pi:T—’y-H—i—%L‘—%B andp; =7 —7v-0+

Ty
3 3

It immediately follows that when Superstars are symmetric, ¢4 = ¢p, the prices are the

same as in our benchmark regime with superstar multi-homing. Hence, Superstars if they

cannot coordinate their behavior will create externalities on each other. This happens

because the marginal benefit of having a Superstar on board is reduced as platforms get

more symmetric. The resulting platform profits in the second period are

[ABSBE] _ pl _ (B(r—7-0) +da —¢5)* PP
i 18(r —~-0)
and
H;&Ei,BEj _pE = (3(r —=v-0) —da+9¢B)° 7o

18(t — - 0)
where H?Ei’BEj denotes the profit of platform 7 and HfEi’BEj denotes the profit of plat-
form j.

In the first stage of the game, Superstars make simultaneous TIOLI offers to the
platforms. Given that Sp offers an exclusive contract to platform j, S offers a fixed
tariff such that platform i gets its outside option. The outside option for platform 4
represents the case in which the exclusive contract is offered to j. Formally, S4 solves

subject to AEBES F¥ >19

7

where Hlo = (3(7_“/1'3();_((:"“0—)’_(753))2 is the profit of platform ¢ when both Superstars are

on platform j. Setting the fixed fees to just satisfy the participation constraint of the

platform i, we get F,? ELBE) Hf — Hio. Superstars’ profits are then given as

ABiBE] _ (37(3y +4¢a) — 44 - ¢ — 9V* - 0 + 3y(da — 4da -0 — ép)
A 18(7 — - 0)

ABi,BE;] _ (3BT =37y-0—0da)+3Ur+7v—4y-0)pp — 494 - ¢B)
B 18(7 — - 0)
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Clearly, similar payoffs are derived when Superstar B (A) offers an exclusive contract to

platform i (j).

Superstars are exclusive on the same platform

Consider now the case that both Superstars join the same platform and offer exclusive
contracts either on platform 7 or j. As these two cases are identical, we only present
the scenario where both join platform i. As the Superstars’ contribution to an agent
subscribing to platform ¢ is additive, prices, demands, and profits are identical to those
presented in Section 4.4 with replacing ¢ = ¢4 + ¢p. The price set by platform i (5)

bA+éB
3

increases (decreases) by and the corresponding platform profits are

(B(T—7-0)+ da+ ¢B)?
18(1 — - 0)

AFEi1,BFEi E E _
I —FY - Ff =

— FY - Fg

and
[ABLBEI _ (B(r—~-0)—¢a—op)°

J 18(1 — - 0)

In the first stage of the game, Superstar A (B) makes TIOLI offers. The fixed fees are
set to offer the platform ¢ just its outside option. The outside option of platform i when
contracting with S, is the profit ¢ obtains when S4 contracts exclusively with platform
j whereas Sp still contracts with platform q.

Hence, the outside option for platform ¢ when rejecting Superstar A and B’s offers are

oa_ BT —7-0)—dat op)> and

OB _ (B(r—~-0)+ ¢a— ¢p)*
t 18(1 — - 0) ‘ 18(7 —~-0)

II

respectively. Similar mechanism works when both Superstars offer a contract to platform
j. So the optimal fees are F¥ = rAFeBE H?’A for A and FL = rAFeBE HZQ’B for

(2 K3

B. The resulting Superstar profits are

AFi,BEi _ (37(3y +4¢4) +4da - ¢ — 97?0+ 3y(pa — 4da - 0 + ¢B)

A - 18(1 — - 0)
CABiLBEi _ (B3Y(3T =37y -0+ ¢a) + 347+ —4vy-0)dp + 44 - ¢B)
B 18(1 — - 0)
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One Superstar multi-homes and other single-homes

Consider now the case in which one Superstar multi-homes and the other Superstar of-
fers an exclusive content. With appropriate substitution, this case corresponds to four
potential scenarios: (i) S multi-homes while Sp exclusively goes on platform 4, (ii) S4
multi-homes while Sp exclusively goes on platform j, (iii) S4 goes exclusively on platform
i and Sp multi-homes, and iii)S4 goes exclusively go on platform j and Sp multi-homes.
For the sake of simplicity, let us suppose that S4 multi-homes and Sp offers an exclusive

deal to platform ¢. As A multi-homes, she does not have any impact on prices. Instead,

platform ¢ with Sp exclusive charges p;‘NE’BEi =7—7-0+ %3 while platform j charges
iANE’BEi =7—7-0— ‘%B. Related profits are
ANEBEi _ oNE i _ 3(T=7-0) + ¢p)? NE _ pEi
I — " —-F5t = — - F
¢ A 18(1r —~-0) 4 B
and
MANE.BEi _ pNE _ B(r—v-0) - ¢5)* NE
J ~tBT — B
18(1 — - 0)

In the contracting stage, S4 offers a non-exclusive contract to i (j) under the threat
that in case of a contractual breakdown, she would single- home on j (¢). Sp offers an
exclusive contract under the threat that, in case of a contractual breakdown, she would
be exclusive on j. As a result, the outside option for ¢ when an offer is made by Sy is
equal to the profit obtained when Superstars are exclusive on different platforms and the

fee set by A on i is

pNE _ pANEBE _ (3T =370+ ¢p — ¢a)?

A i 18(r — ~0) '
The fee clearly differs on platform j as the outside option is that S4 offers an exclusive
contract to platform ¢ who already hosts B. In other words, the outside option for

platform j is to be in a situation where both Superstars are on platform 4. So,

J 18(1 —~-0)

Fi\\gE _ HANE,BEz’ (37’ — 370 — ¢ — ¢A)2
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Now, consider the threat made by Sp: if ¢ does not the contract, this will be offered to

3. 2
(BT—37-0+65)" F]JBVE _

NEi,AEi ANE,BEj 1=
18(r—0) = II; —1I; . Final

j and the outside option will be

profits for S4 and Sg are

(AT —v-0)+7)
6(r—~-0)

and ﬂgNE’BEi = % +

WﬁNE,BEi vt %‘(6 _ T_éb?'e)

Profits in all other scenarios can be easily calculated and they are not reported for the

sake of brevity.

Both Superstars multi-home

Finally consider the case that both superstars multi-home. Here, demands are identical to
the those in the main model. Platforms are symmetric and set a price equal to p; = 7—~-60

and the corresponding platform profits are

ANE,BNE _ T—7-0 NE NE
IT; =— -7 - Fg;.
2 ) )

In the first stage, each Superstar makes a TIOLI offer to a platform under the threat of

exclusivity on its rival’s platform. Formally, a Superstar S4 solves

max WQNE’BNEzv-l—I-Fin—I—FAVf
FNE FNE ’ :
, 7 »J

1

subject to I} VPPN pVE > 10 vie 1,2

where H? = % for i € {1,2} are the profits obtained by the platform when

Sy sells exclusively to platform j while Sp multi-homes. Hence, the non-exclusive fees

set by Superstar S4 to platform ¢ and j respectively are F' AV ZE = H?NE’BNE — Hio and
[NE _ [[ANE,BNE

A y — H?. Final profits for Sk are

o

ANE,BNE o
s =
T—7-0
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Simultaneous contract choice of the two Superstars

Suppose that S_; is exclusive on platform ¢. It is easy to see that S, would never
choose to exclusively offer the contract to platform j. Moreover, the best response of Sy
now depends on the transportation cost. If transportation costs are low, then she goes

exclusively on platform i else, she multi-homes. Specifically:

92043y ¢p+2¢% + 37 - da+4da- b5

AFEi,BEi
T
Iy

% > WfNE’BEZ for 7 < 74 =

Similarly, we get the cut-off for Sp when S 4 single-homes. Specifically:

AFEi1,BEi ANE BFEi
g U >t P for T < 1R 1=

97°-0+3y-¢p+ 205 +37 da+ 464 ¢
9y
Here notice that 74 < 75 when ¢4 < ¢5.*°
Moreover, for the case that Sp (S4) multi-homes, the best response of S4 (Sg) is to
multi-home as well. Hence, the equilibrium contract choice is given as follows:
For 7 < min{r4, 75}, the Nash Equilibria are given by (E;, E;), (E;, Ej) and (NE,NE).

For 7 > min{74, 75}, there is a unique Nash Equilibrium given by (NE, NE).

Multi-homing Consumers

To study multi-homing consumers, we present the most unfavourable scenario for the
existence of the ripple effect, that is, when CPs do not weigh differently the value accruing
from multi-homing or single-homing consumers. In other words, the value of switching is
less relevant.

We begin by considering CP’s profits on platform i as equal to ;" = - (Df—i—DM) —f
where D;g is the mass of single-homing consumers and D™ the mass of multi-homing

consumers. The total mass of small CPs on platform 1 is:
ni = Prob(f <~- (D + D)) =~ (D] + D) (5)

A multi-homing CP obtains 7;¥ = v - (Dy + Dy) — 2f = v - (1 + DM) — 2f. Using the

2(¢a—¢B)(dat+ép)

10The difference is given as 74 — g = 9
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same argument, Superstar’s profits are:

v-(Df 4+ DM) + FE if exclusive on platform i

v (DY + D}-g +2DM) 4 FNE 4 FNEif non-exclusive
Consumers who multi-home obtain the following utility, 4™, such that:
u"™ =v+¢-+0-max{n,na} — (p1 +p2) — 7. (6)

By comparing the utility in equation (6) with the utility of single-homing in platform
i € {1,2} expressed in equation (2), one can find two cut-offs determining the location of

a consumer indifferent between single-homing on each platform and multi-homing:

¢-(1—g1)+ 6 -max{n; —n2,0} — py
T ’ T

Z = 1- =

(7)
The consumer demand of each platform is the sum of single-homing and multi-homing
consumers. Remarkably, consumers multi-home if and only if there is Superstar exclusiv-
ity. Else, no consumer would prefer to multi-home as the cut-off Z; (Z2) would be larger
(smaller) than 1 (0), hence out of the Hotelling line. As a result, consumers would only
single-home. The reference case for non-exclusivity is depicted by the benchmark model
where equilibrium results are reported by Lemma 2.

We therefore solve the model only for the case of exclusivity on platform 1. This

implies that g1 = 1, go = 0, and ny > ny. The cut-offs become

O(n1 — no) — _
r=1- (nl :2) p2, To = ¢ Tpl . (8)

This leads to the following results:

0 —p1 D 7(0¢ p1'9> p2 -7
El - ) 2 = 7_(0 7_) (9)

and n; = v- D1, whereas no = v-Dy. Going one step backwards, each platform anticipates

the joining decision of consumers and decides the optimal price p;. Platform i’'s profits
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are ll; —g; - F=p;-D; —g; - F'.

By following the same reasoning of the benchmark model, when the Superstar single-

homes on platform 4, the price set by platform ¢ is pf’* = %, whereas the price set by
platform j is ij’* = 4%7-0.

Next, to analyze the Superstar’s decision, we first consider the case under exclusive
contracts. the Superstar makes a TIOLI offer to platform ¢ under the condition that if

she rejects, the contract would be offered to the rival platform j:

FS:’)/-(DZ‘)-FFE

subject to I — FE* > 119

where H? = % is the profit of firm ¢ when contractual agreements with the

Superstar break down and platform j accepts the contracts made by the Superstar. As

a result, the Superstar sets FE* = fi{l -

2,92 .
4 T )T}7 and she obtains m3F* + FE* =

4(y-0+7

0
16%(87 T HAT ) — Tlv_e).
Then, we solve the model when she offers non-exclusivity. In this case, the Superstar

reaches the entire market as in the benchmark model but the outside option is given by

B+ _ %076

the new setting with exclusive contract, i.e., I[;” = i T Terztyon)

max 7 = max *y—}—FlNE —i—FQNE
F1NE7F2NE F1NE7F2]\7E
subject to HiVE’*(g =1)— FiNE > HZ-O for all i € 1,2,
Hence, the Superstar sets FNF* = %. So, her profits are m3NE* = o 4 9 NE*,

By comparing Superstar profits in the two regimes, it immediately follows that if

T < %\/2¢2+47-¢+72(2—9)2—7(1—g)

the Superstar offers an exclusive contract. Else, she offers a non-exclusive contract. In-

deed, results follow the same mechanism as in the benchmark model.
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Two-sided pricing

A single-homing CP on platform 4 obtains 7" = - D; — f — l;, where [; is the price
paid by the CP to access the platform. For [; < 0, CPs are subsidized. A multi-homing
CP gets ;" = v —2f —I; — l;. Platform ¢'s profits absent the Superstar content are
II; = pi - Di(0, gj) + l; - n;. When the platform 7 offers the Superstar content, profits are
II; + ;- ny — Fy = pi - Di(1, g) + 1; - ny — F;, where F; = FE(FZNE) if g; = 0(1). To ensure
a well-behaved profit function, we let v be sufficiently large and we slightly modify the
condition on the transportation costs requiring 7 > w. In the third stage,
consumer demands become

TH0-(li—li+7)+ @ —pi) +6-(9i — 9))
2(1 —7-90)

Di(9i,95) = Dj(g5,9:)) =1 — Di(gi, 95)

By anticipating future market shares, in the second stage platforms have the following

best replies for 4, j € {1,2}, with i # 7,

pilpi 1) = (47 —y(v +30)(0 - j +pj +t + d(gi — g;) — - 0)
B 8 — 42 —6v-0 — 62
(v=0)0-+pj+7+9(9i —g;) —70)

8 — 42 —6v-0— 02

Li(lj,pi) =

We now identify the equilibrium outcomes when the Superstar multi-homes. Let
9i = gj = g = 1, platforms are symmetric and prices are pNE* .= 1 — ~ . (v + 30)/4 for
consumers and [NF* := (v — ) /4 for CPs. The demands are given by DVF* := 1/2 and
ANE* = (v + 0) /4.

When the Superstar offers an exclusive contract to platform i =1 (¢; = 1 and g2 = 0),

equilibrium prices are

~ E,* ~ * 2 ~ B x ~ * 2
B =pNEx (1 n ﬁ’) Go e = pNE*. (1 _ ﬁ’)
n n
~Ex 5 2 ~Ex = 2
n n

where n = 67 — 42 — 4~ -0 — 62 > 0. It can be easily seen that p;%* > pVF* > 0 and
0 < po* < pNE* When v > 6, the CP price is positive and increases with the Superstar,

while v < 6 CPs are subsidized and the subsidy increases with the Superstar. We also
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note that D; < 1 and ny < 1, so there is no foreclosure of the rival as a consequence of

exclusivity.
Going one step backward, we study the decision of the Superstar following the same

reasoning of the previous cases. When the Superstar offers an exclusive contract, her

2—7)—670—62)

o . By contrast, when the Superstar offers a non-

profits are oS B — %4_ ¢-(87+(

exclusive contract, her profits are 75VE*

Y2467-0+62 | (n—2¢)*(8r—2—6y—0%) 11
(= + - ).

=v+T7T— p

By comparing the profits of the Superstar, it follows that the Superstar offers an

exclusive contract whenever 7 < 7, where

(252 y+4’}/0+02+(25 (15 2 2
— —— (e — 2v- 12 - 4
9fy+ 6 —1—187{37 (v-B+7) v-04+0°)+12y- o+ qﬁ}

1/2

Qe
Il

Else, she offers a non-exclusive contract.

In terms of welfare, the gain for CPs due to the presence of the exclusive is denoted

by § := PSEx* — pSNEx — 4(724?;?1332767)2 > 0. Hence, CPs benefit from exclusivity

also with two-sided pricing.

HFor the sake of completeness, when a platform does not obtain the contract when the rival does,
~ b«

g 2
platforms’ profits are I1° = (’7:]722@ 0
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Conclusions

This thesis contributes to understanding how (some) digital markets work and emphasises
on the challenges faced by regulators, companies, and consumers.

The first two chapters look with a new a lens at the commercial evolution of digital
pirate. The new commercial dimension let pirate websites react strategically to changes in
the video-on-demand market and so do legal subscription-based providers. Such strategic
interactions and the related competition have been overlooked in the previous literature,
which has mainly dealt with deterrence strategies and the welfare consequences of dig-
ital piracy (Belleflamme & Peitz 2012, 2014). So far, only Chang & Walter (2015) has
investigated how legal and pirate providers make their decision but they did it for a peer-
to-peer network which is limited in the choice of advertisements and does not provide
the same user experience as streaming pirate providers (i.e., the cyberlockers). Chap-
ter 1 and 2 overcome their limitations by examining the competition between a legal
subscription-based content provider and a pirate provider who monetises users’ eyeballs
through pop-ups, pop-unders, mid-roll ads.

Chapter 1 provides one of the first analyses on the use of ad-blocking technologies.
There are two main limitations of the analysis that remain to be explored in the future.
First, it deals with with user-oriented ad-blocking technologies, that is, primarily oriented
towards the maximisation of the consumer welfare. Second, it assumes that all users
adopt ad-blocking technologies while in the reality users can have different expertise and
sensitivities towards advertisements. While these limitations have a minor impact when
considering the case of pirate content providers, the results may not be generalised to those
markets in which ad-blocking technologies follow different strategies. For instance, some

ad-blocking technologies, such as Ad-Block Plus, engage in strategic white-listing funded
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by accepting monetary compensation to let ads being displayed to users adopting the
technology. However, this business model would not be compatible with our framework
as a condicio sine qua non to have ads displayed is quality compliance. These quality
criteria are instead never respected by the invasive ads usually present on pirate websites.
Indeed, by looking for a wider applicability, future research should be devoted to deal with
strategic white-listing, different business models behind these technologies, its pricing
structure and the welfare effects. Along with this, an important result of the paper is
that ad-blocking technologies not only impact on those content providers making business
via ads but, because of market interactions, it also generates (negative) spillovers for those
companies relying on other business models such as a subscription-based system. Further
research may be devoted to understanding how ad-blocking affects the incentive structure
for content providers, platforms and advertisers to raise or even reduce the quality of their
contents, therefore complementing or challenging the few empirical (Shiller et al. 2018)
and theoretical results (Ray et al. 2017) so far available.

In addition, Chapter 2 evolves beyond a duopoly towards a market where not only the
legal content provider competes against pirate providers for user attention but also where
pirate content providers compete with one another. Indeed, by using a modified Salop
circle with a centre, the paper provides the first study on how the strategic interactions
arising within a piracy ecosystem and between a piracy ecosystem and a subscription-
based content provider. Future research may establish what is the optimal degree of
digital piracy within an economy as well as how the government could stop ads on websites
infringing copyright protection. Another potential avenue for research would be to study
how the entry of pirate providers impact on the quality and on the dimension of legal
providers’ catalogue. For instance, Netflix has recently announced US $ 8 billion of
investment in original product to make its catalogue more appealing and also protect
from the competition of new rivals (e.g., Disney, Amazon Prime).

Chapter 3 shows the relevance of data monetisation when investments are, to some
extent, multi-dimensional and create the right to incentive for platforms to provide users
with more surplus (e.g., user experience, better quality). It also finds that the large

presence of competitive bottleneck environments in the tech industry can be explained
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by the fact that this network structure accommodates better the incentive to invest in
value-creation on both sides of the market. An important result relates to how investment
decisions shape the pricing structure in the two market environments and that platforms
would ideally let more sellers multi-home and charge a price to the monopoly price (al-
though not charged in equilibrium) by investing more. A clear limitation of the above
analysis is due to the symmetric structure of the market. In many markets, for instance,
some platforms are larger than others and investment may help to restore symmetry.
Moreover, it would be interesting to explore investments that increase the surplus of
some users while reducing the surplus of others. For instance, in the social media indus-
try, investments in content moderation undertaken by platforms like Facebook, Twitter,
Youtube may please advertisers (as this reduces brand safety concerns) but create a disu-
tility for some users (who dislike control on their content). Future research can indeed
consider this case.

Furthermore, future research can provide a better sound understanding of the market
for data. In recent years, the importance of data and the need for regulation of those
brokers collecting personal information has risen the attention of national and supra-
national authorities. In the United States, the Federal Trade Commission published a
report on data brokerage (i.e., Federal Trade Commission 2014) which has uncovered the
behaviour of several data brokers. Specifically, companies, such as Acxiom, Corelogic,
Experian, collect, integrate, manage, share and sell data from different sources. When
selling these data, firms are able to identify their customers and estimate their willing-
ness to pay. Future research could investigate why and when data are traded between
companies depending on their information structure and how authorities can intervene to
avoid over-extraction of data.

Finally, the fourth paper opens the black box of the contractual relationship between
an agent with market power (the Superstar) and platforms. In a clear and elegant man-
ner, the study identifies how the main trade-off faced by the agent with market power
when deciding where and how to offer her content. In case of exclusivity, the Superstar
can benefit from a ripple effect and extract all the externalities generated by its presence

by setting a very large fee. In case of non-exclusivity, the Superstar prefers a larger mar-
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ket coverage. The paper shows that the Superstar offers an exclusive contract as long as
the ripple effect is sufficiently strong. This happens when the downstream competition
is fierce enough. The paper also presents some important implications for policy-makers
and antitrust enforcers. Generally, "market power" and "exclusivity" could be associated
to anti-competitive conducts. This paper shows that an exclusive contract signed by the
Superstar and a platform is always beneficial for small firms. This happens because of the
market expansion and surplus generation engendered by exclusivity. On the consumer
side, the decision of the Superstar is mostly aligned with what is optimal for consumers.
Only in some cases, consumers can be damaged by Superstar exclusives. Quite remark-
ably, the main intuitions of this paper are confirmed when relaxing some of the main
assumptions.

There are several aspects related to this paper that I am planning to explore in the
next future. First, by connecting this work to the literature on vertical restraints, it
could be interesting to study different contractual relationship between a Superstar and
the platform(s). For instance, these may take the form of non-linear tariffs or royalty-
based contracts. The ripple effect is likely to arise as long as the contract is associated
with the market expansion on both sides but the threshold may be different. Second, the
paper has assumed that the Superstar has all bargaining power vis-4-vis the platform(s).
A different set-up may consider a model with Nash bargaining and study how the main
results are robust to the relaxation of this assumption. Third, it would be interesting to
investigate the incentive for Superstars to launch a proprietary (spin-off) platform and
compete with the incumbent on quality, content, and dimension of the catalogue. For
instance, a Superstar content producer such as Disney has recently announced the launch
of its platform in 2019. As a result, all its content will no longer be distributed online (as
they currently are) by Netflix and its users may need to decide whether to switch to the

spin-off platform or multi-home.
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