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Abstract

In this paper, we examine how the introduction of network externalities impact an open and ver-
tically integrated platform’s post-merger contractual relationship with third-party sellers distributing
through its marketplace. Regardless of whether the platform uses linear contracts or two-part tariffs,
we find that, provided these contracts are public, the platform has no incentive to exclude its non-
integrated rivals and that the latter’s market share rises as network effects gain importance. Vertical
integration serves as a commitment device that open platforms can use to convince potential users
(e.g., consumers and developers) that their ecosystem will be large and compelling. Interestingly, when
the open platform competes with a closed rival, i.e., with a fully integrated ecosystem, it may find
it profitable to subsidize independent third-party sellers to strategically steer demand away from the
competing ecosystem. These results have novel managerial implications on the incentives of a platform
to open up its ecosystem to third-party sellers, as well as for the regulation of vertical integration in

the presence of network effect and when different platforms operate alternative business models.
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1 Introduction

Network externalities are a fundamental pillar of the aggregative role played by digital platforms. Early
platform adopters enjoy direct and indirect benefits as new users join their network. This is because
trading and diversification opportunities expand with the network size. Platforms with a large user base
may also design more efficient ecosystems that minimize buyers’ search costs — e.g., by targeting quality
and offering customized services — so to better match them with the supply side. Nevertheless, network
externalities may also favor the emergence of dominant networks, thereby consolidating their gatekeeper
power. Concerns about so-called ‘self-preferencing’ strategies are behind several prominent antitrust cases
all over the world and motivate recent proposals for ex-ante regulation, such as the Digital Markets Act
(DMA) in the European Union and related initiatives in Korea, Japan, the US and, more recently, in
Chinal[ll

Scholars in economics and management have extensively acknowledged the importance of network
externalities. Stemming from Katz & Shapiro| (1985), many models have examined different and important
aspects of network externalities related to inter- and intra-platform competition both from a static and a
dynamic perspective (see, e.g.,|Argenziano & Gilboa, (2012]), |Caillaud & Jullien| (2001), Caillaud & Jullien
(2003), Halaburda et al. (2020), Halaburda & Yehezkel (2013), Hagiu/ (2006)) , [Mitchell & Skrzypacz
(2006), among many others). But, these models have systematically overlooked the potential impact of
the existence of material network effects on the competitive conduct of vertically integrated platforms
and their incentives to foreclose or marginalize non-integrated competitorsE]

Absent efficiencies, vertical mergers traditionally raise competitive concerns since they may result
in the anticompetitive foreclosure of unintegrated rivals: the so-called ‘foreclosure doctrine’ (e.g., Hart
et al| (1990), Bolton & Whinston| (1991), Rey & Tirole| (2007), among many others). Are network
externalities likely to change this view? How do these externalities shape the competitive conduct of
vertically integrated platforms? What type of industry characteristics weaken, or even revert, the standard
foreclosure logic? Can consumers benefit from vertical integration in these contexts?

To answer these questions, we introduce direct and indirect network externalities in a canonical vertical
integration model. A platform (upstream supplier) provides an essential input (or, equivalently, the right
to access its network) to third-party sellers competing in the downstream market. Following industry
practice, we assume that the listing contracts charged to third-party sellers are public and can influence
participants’ expectations about the network sizeﬁ Many B2C and B2B platforms (e.g., such as Alibaba,
Amazon and the Apple App Store) publicly disclose the listing fees required to third-party sellers and

!See e.g., [Halaburda et al| (2020), |Jullien & Sand-Zantman| (2020) among many others.

2There is a growing empirical literature that discusses such issues but from the perspective of platform entry into com-
plementors’ product space. For instance, [Zhu| (2019)), He et al.| (2020), |Li & Agarwall (2017), [Wen & Zhu| (2019)), Zhu & Liu
(2018)), [Foerderer et al.| (2018), among others.

“For example, Microsoft announced lowering its price to 12% following Epic. Similarly in 2021, Google announced the
lowering of its commission rates to 15% following Apple. In the IoT platform market, platforms such as AWS, Amazon,
Google and IBM publicly publish their price. See https://iskerrett.medium.com/price-comparison-of-iot-platform-vendors-
b07ab4bbf0e



App developers who join their marketplacesE] Public contracts also capture the idea that in some highly
digitalized industries, such as e-commerce, hardware devices, payment systems, health services etc, listing
contracts are long term and hard to change or renegotiate (see, e.g., Karle et al. (2020) and |Condorelli &
Padilla (2021)), for models with similar assumptions)E]

Within this context, we first study how a vertical merger changes the platform’s incentive to contract
with, and possibly marginalize, independent third-party sellers operating in its network, and how such a
change is shaped by network externalities. Second, we assess the impact of vertical integration on total

welfare, industry profits and consumer surplus, depending on the magnitude of such externalities.

Basic insights. We start by considering a stylized model a la Katz & Shapiro| (1985|) in which only
direct network externalities are present. In this model, each consumer’s utility increases with the number
of other consumers purchasing from sellers, including the vertically integrated one, operating in the same
ecosystem. We find that, regardless of whether listing contracts are linear or require a fixed fee, the
vertically integrated platform has no incentive to fully foreclose the non-integrated third-party sellers if
there are positive (even small) network effects. Moreover, the incentive to marginalize rivals falls with
the extent of these effects. In a nutshell, the vertically integrated platform anticipates that if consumers
observe a too high listing fee (which marginalizes the rivals’ output) they will form low expectations on
the network size. Hence, their willingness to pay will drop at the expense of the platform itself.

Furthermore, we establish that vertical integration is profitable, benefits consumers, and is thus total
welfare-enhancing under linear contracts. However, it is profit, consumer surplus, and total welfare neutral
when the platform offers two-part tariffs. Of course, as standard in the literature, vertical integration is
profitable, and consumers benefit when contracts are linear because it mitigates double marginalization.
These two positive effects magnify as network externalities tighten since the platform has an incentive to
reduce the unit fees charged to its intra-platform rivals to increase consumer demand.

The neutrality result arising under two-part tariffs can also be easily understood. Even if the platform
does not integrate, it fully internalizes downstream profits via the fixed fee and controls output decisions
by setting appropriately the linear component of their listing contracts (recall that with public contracts,
there is no opportunism problem & la Hart et al| (1990)). As a result, a vertically separated platform
can always replicate the outcome of a vertically integrated one and vice-versa. In addition, since aggre-
gate output must be the same with and without vertical integration, consumers are indifferent too and,

therefore, vertical integration is neutral from a total welfare point of view.

A two-sided market perspective. Having uncovered the basic logic behind the impact of network
externalities on foreclosure incentives in a model with direct network externalities only, we then show

that the same reasoning applies when considering indirect network effects. Specifically, we introduce

4See report [Borck et al. (2020) funded by Apple. This report provides a detailed overview of the public information
regarding prices charged to third party sellers on digital platforms.

SFurther, it is a reasonable assumption in literature. See|Casner & Teh| (2021)), Tremblay| (2016), \Jullien & Pavan| (2019)),
Tremblay| (2020)), [Chellappa & Mukherjee| (2021), |Bakos & Halaburda, (2020) , |Tan et al.[(2020]). We discuss secret contracts
in Section E}



developers in the baseline model to capture a two-sided market perspective. These players (e.g., App
developers) provide services (e.g., Apps) that consumers enjoy when joining the platform through the
sellers’ products (e.g., when they buy an electronic device, such as a smartphone or a tablet, compatible
with the platform’s OS). In this model, developers decide whether or not to join the platform given their
expectations on the number of consumers that (in equilibrium) join the platform. At the same time, as
in the baseline model, consumers decide whether and from which seller they buy, given their expectations
on the number of developers that adopt the platform. We argue that, under the hypothesis of rational
expectations, the demand function has precisely the same features as with direct network externalities: its
intercept indirectly depends on the expected network size through the developers’ participation decision.
Therefore, all the above conclusions apply irrespective of whether network externalities are direct or

indirect.

Contract disclosure. A key hypothesis for the results illustrated above is that listing contracts charged
to third-party sellers are observed by the market and can influence participants’ expectations about the
network size. A natural question then is whether the platform has an incentive to disclose these contracts
(or credibly commit to making them observable). We show that contract disclosure is always in the
platform’s best interest. While vertical integration is always profitable with and without public contracts,
the platform can influence participants’ expectations in the former case. Under secret agreements, instead,
the platform always has an incentive to foreclose the rival by a standard logic — i.e., whatever expectations
consumers have about the non-integrated sellers’ output, the vertically integrated entity has an incentive
to foreclose those sellers and monopolize the market. Consumers will thus rationally anticipate this
behavior and revise their willingness to pay downward. This implies that platforms can use contract

disclosure as a commitment device to keep their networks large and competitive.

Competing networks. Finally, to better understand the industry characteristics that may impact
the link between vertical integration and the foreclosure incentives, we also consider a version of the
model in which the platform faces competition from an integrated rival operating a closed ecosystem. It
turns out that, with inter-platform competition, the platform has an even stronger incentive to open its
ecosystem and accommodate its intra-platform rivals. The open but vertically integrated platform has a
strategic incentive to commit to lowering the fees charged to its non-integrated sellers to reduce the rival
ecosystem’s output. Interestingly, when network effects are large, the open platform may even subsidize
intra-platform competitors, by setting fees below marginal costs, to steal additional business from the
competing ecosystem. Intra-platform rivals are kept active and effectively used as ‘pirates’ or ‘fighting

brands’ to capture market share.

Managerial takeaways. Summing up, our analysis delivers the following novel managerial insights.

First, it shows that a vertically integrated platform may gain from a strategy to open up its ecosystem
to competing third-party sellers when demand features network effects. By doing so, the platform can

favorably influence consumer expectations on the network effects in the market. A monopolist (closed)



platform (ecosystem) cannot influence consumers’ expectations as these beliefs are formed before the
output is set. This simple logic may contribute to explaining why some integrated platforms keep their
ecosystems open and accommodate entry by rivals instead of foreclosing them as in traditional retailing

industries where network externalities are by and large absent.

Second, when an entrant platform competes with a closed (vertically integrated) incumbent, it can
strategically set the fees offered to third-party sellers to gain market share by influencing its users’ and
the rival’s expectations. Specifically, as network effects gain importance in the market, the entrant
platform may be better off by reducing fees and, in some cases, even subsidizing its third-party sellers.
Disclosing fees acts as a signalling device to consumers and the closed ecosystem incumbent. A lower
fee generates favorable consumer expectations regarding ecosystem size and thus increases the aggregate
output supplied by the open ecosystem at the expense of the closed one. Notably, this is consistent with
the smartphone OS market’s entry sequence. Apple’s iOS was the closed ecosystem incumbent platform
that was vertically integrated. Google, an incumbent to encourage consumer adoption of its platform,
publicly offered its Android OS to phone manufacturers at zero costﬁ Since Google invests heavily in the
Android OS every year through updates, the average price being charged to third party manufacturers

that sell phones could be seen as negative (or below cost).

Third, it may be profitable for the platform to invest more aggressively in increasing consumer benefit
from network effects. This is particularly the case if the platform’s revenue generation arises from a fee
charged to third-party sellers in the market. This increased investment will promote the participation of
third-party sellers in the market and further expand the ecosystem size. The reason is that under vertical
integration, platforms obtain higher gains per unit sold due to the elimination of double marginalization.
Therefore, these platforms are willing to make a greater investment in the network effects. Furthermore,
when facing an integrated incumbent, this incentive to invest is expected to be much higher as it can
provide the platform with another signalling instrument that the platform can use to expand the output

of its ecosystem.

Finally, our model also shows that platforms operating in markets where network externalities are
particularly significant will profit from disclosing listing fees to the market to influence participants’
expectations favorably and attract a large user base. As argued above, this practice is quite common in

the digital industry, and our model offers a possible explanation for this phenomenon.

2 Related Literature

Vertical integration is a recursive theme in IO and management. The classical ‘foreclosure doctrine’
first formulated by Ordover et al. (1990) argues that vertical mergers are likely to have anticompetitive
effects because merged sellers may commit to foreclose partially or in full non-integrated rivals to relax

downstream competition. Hart et al.| (1990)) and [Bolton & Whinston| (1991)) bolstered these arguments

57 Free” Android OS was accompanied by some conditions regarding pre-installation of Google Apps.



by confirming their validity in a more general setting encompassing cases overlooked by

(|1990[)E| Hart et al.| (1990) conclude that foreclosure can indeed be an important consequence of vertical

mergers even if one drops the restrictive assumptions in (Ordover et al.| (1990). Contrasting with these

seminal works, we show that even when the platform can commit to fully foreclosing a rival, it has no
incentive to do so in the presence of network externalities. Further, as network externalities rise, partial
foreclosure becomes a lesser concern.

Our paper also adds to the literature on markets featuring network externalities (seminal works include
\Caillaud & Jullien (2003), Rochet & Tirole| (2003), Parker & Van Alstyne (2005), Armstrong| (2006)),

among others). Our contribution here is twofold.

First, we enrich the strand of literature on the effects of price announcements by platforms under

network effects. |[Hagiu & Halaburda (2014) find that a monopolist platform always prefers to reveal

pricing information. Instead, when symmetric platforms compete, they prefer not to reveal informationﬁ
Belleflamme & Peitz (20198) generalize the model of Hagiu & Halaburdal (2014]) and additionally find that

results depend on the single- or multi-homing decisions of the two sides. Similarly, |(Chellappa & Mukherjee)

(2021)) and [Jullien & Pavan (2019) find that pre-announcement to inform market expectations can be

profitable for platforms. Our results show that public contracts can be interpreted as a commitment
device by a platform to influence users’ expectations regarding the ecosystem size when their utility
function features (direct and/or indirect) network externalitiesﬂ This is more so the case when the
platform is an entrant and faces a vertically integrated incumbent platformH

Second, we contribute to the recent literature that focuses on hybrid platforms, such as hybrid mar-

ketplacesfﬂ Some works find that platform entry in competition with third party sellers can be pro-

competitivelgl Hagiu & Spulber| (2013)) suggest that platforms facing unfavorable demand conditions

have more incentive to enter into the seller product space. Hagiu, Teh & Wright| (2020) find that plat-

form entry constraints third-party seller pricing and might be welfare-enhancing. Similar pro-competitive
effects are documented by |Dryden et al| (2020), [Etro| (2021)) and Tremblay| (2020). However, entry in

competition with third-party sellers also opens the channel for well known negative effects such as fore-

closure of rivalsﬁ De Corniere & Taylor (2014) show that entry through a vertical merger between a

"The results of |Ordover et al.| (1990) were based on two simplifying assumptions: integrated entities can commit to
foreclose and only offer per-unit fee to the non-integrated rivals.

8One must note that they assume that platforms can coordinate not to reveal information. Instead, if platforms unilaterally
chose to reveal pricing information, they would do so and be in a prisoner’s dilemma like situation.

9For instance, ARM a semiconductor IP platform based on the RISC architecture, ubiquitously found in mobile devices,
announces its per-unit license fees publicly for SoC and IoT hardware firms. Similarly, in the gaming industry, Sony announced
reduction in its price to developers in 2009.

9In a similar spirit, [Hagiu, Jullien & Wright| (2020) show that hosting a rival can be beneficial as it makes them comple-
mentors for the core product. In our setting, hosting a rival benefits the product of the platform through increased willingness
to pay arising from the expected demand of the rival.

"Recent empirical works include (2019), He et al|(2020), [Li & Agarwal (2017), Wen & Zhul (2019), |Zhu & Liul (2018)),
[Foerderer et al.| (2018), among others.

Gautier et al. (2021) show that platform bundled entry can be a tool to resolve the inefficiency arising from Cournot
complementarity. However, this entry can lead to fragmentation of network effects and harm consumers.

'3Anderson & Bedre-Defolie| (2020) considers the decision of a platform to compete with third party sellers. They find




search engine platform and a publisher can lead to full foreclosure of rival publishers. Padilla et al.| (2020)
study a dynamic framework to understand the incentive of a platform to abuse its gatekeeper role by
privileging its own products. They found that the incentive to foreclose third party sellers arise when the
gatekeepers face saturated demand and this may be detrimental to consumerst]

The closest paper to ours is [Pouyet & Trégouét| (2021) that considers the impact of a vertical merger
between a platform and one of its downstream third-party sellers in the presence of network effects. As
in our paper, they find that network effects dampen the incentive to foreclose. However, in contrast to
us, they allow third-party sellers to access another platform. Hence, in their model foreclosure is not a
primary concern by construction. In our setting, instead, the platform is a monopolist and can credibly
commit to induce market exit of rivals. We find that the presence of network effects ensures that full
foreclosure is not a profitable strategy irrespective of inter-platform competition. Another paper that
is close to ours is [Economides (1996). He also finds results that are consistent with ours. However,
Economides| (1996)) is concerned with the incentive of a platform to invite entry while we are interested in
the welfare effects of vertical integration in platform markets. There are three main differences between
our and this paper. First, while |Economides (1996) considers the incentive of a market leader to invite
entry, he does not consider vertical integration, which is a building block of our analysis. Second, he
examines separately fixed and linear listing fees, while we also examine the case of two-part tariffs. Third,

we also extend the analysis to the case of competing ecosystems, which is neglected in his model.

The rest of the paper is organized as follows. In Section [3| we lay down the baseline model and charac-
terize the equilibrium with vertical separation and with vertical integration. Then we compare consumer
surplus, total welfare and profits under the two regimes. In Section 4] we extend the baseline model in
several directions — i.e., we illustrate how results change with endogenous and indirect network exter-
nalities, with competing ecosystems, non-linear contracts, and discuss the role of investments in quality
improvements and public contracts. Section [5] concludes. All proofs are in the Appendix. Additional

material and proofs not contained in the paper’s main body can be found in the online Appendix.

3 The baseline model

To gain insights on the link between vertical integration and foreclosure in platform markets, we first
lay down a stylized model where only direct network externalities are present. Specifically, we consider
consumers whose utility increases with the number of other consumers purchasing from sellers operating in
the same ecosystem. The classic illustration of such same-sided network effects is the telephone industry:
the more people have a phone line, the more valuable it is to have a phone. Platforms in which users buy

and sell at the same time also feature prominent direct network externalities. For example, in the stock

that entry of a platform increases seller fees which reduces seller participation thereby hurting consumers. [van den Boom &
Samranchit| (2020) show that conglomerate mergers can lead to reduced entry which can hurt consumers.

TTnstead, [Carroni et al| (2021) consider a vertical merger between an important third-party seller and a platform. They
find that exclusive contracts (foreclosure of a rival platform) are less likely post-merger.



exchange and in platforms intended to promote the exchange of second-hand items, users do not know in
advance whether they will buy or sell; hence, they value the presence of other users. More recent examples
of industries where direct network externalities play a prominent role are those in which platforms exploit
their customer base to improve the quality of their services, expand the variety of products available
on their marketplaces and customize offers. In these cases, a growing user base enables a platform to
acquire more accurate customer information and make investments more tailored to their needs and tastes,
benefiting all participants.

Once we have illustrated the fundamental forces that shape platforms’ foreclosure incentives with
only direct network externalities, we show in Section that these forces are also present in a two-sided
industry with indirect network effects. In these cases, which are common in many modern two-sided
platforms, the value of the service increases for one user group (e.g., consumers) when a new user of a
different group (e.g., App developers) joins the network. However, this indirect mechanism does not add
substantial new insights to the baseline analysis because, as we shall argue, what matters is the effect
of network externalities on the total amount of transactions taking place in the platform, which affects

users’ willingness to pay through their expectations, and thus aggregate demand.

Players and environment. Consider an ecosystem (distribution network) formed by an upstream
monopolistic platform (hereafter U) and two downstream independent sellers (each denoted by D;, with
1= 1,2)E U charges sellers D; and D fees wy and we respectively for access to its platform (e.g.,
marketplace) where they compete to attract final consumers.

The demand side features direct network externalities and is modeled & la Katz & Shapiro (1985).
Consumers are heterogeneous in their basic willingness to pay and are homogeneous in their valuation
for the network externality. We assume that the basic willingness to pay, denoted by r, is uniformly
distributed over the support [u — g+ %], where p > 0 is the average willingness to pay and o > 2u is
a measure of its volatility (heterogeneity). The expected utility of a consumer of type r buying from D;
is

uw(X,P)=r+60X°—P, i=1,2,

where X¢ £ Zi:1,2 x{ is the aggregate output that consumers expect Dy and Ds to distribute. The
parameter # > 0 measures the strength of the direct network externality — i.e., the more users on the
network, the more likely is that other users will be interested in joining the network, as reflected by a
higher willingness to pay (demand intercept as shown below).
Under the above specification, Dy and Dy have positive demand only if the following ‘no arbitrage
condition’ holds
P —0X¢=P,—0X°. (1)

Since D; and D are perfectly compatible, we must have P, = P, = P. Therefore, consumers buy the

15WWe consider a duopoly only for illustrative purposes. It can be shown that our results remain true qualitatively with
N > 2 third party sellers (proofs are available upon request).



product only if
r>r*& pP_§Xxe.
—_——
Reservation price
Hence, the total demand for the product distributed within the network is
P—0X* (=)

)

X21-Prr<r] =1

o

with X £ Zi:m x; being the sum of D; and Ds’s outputs. Notice that the parameter ¢ is an inverse

measure of the responsiveness of demand to price — i.e., as o falls, demand becomes more responsive

to price (e.g., because goods outside U’s ecosystem are closer substitutes to those distributed by Dy and
DQ).

Following [Katz & Shapiro| (1985), we assume that D; and D2 compete by setting quantity. Bisceglia
et al.|(2021) consider a model with differentiated price competition and show that, in contrast to quantity
competition, in that case foreclosure does not arise even without network externalities (for completeness,
we examine the case of price competition in the online Appendix). Hence, the inverse demand function is

P(X% X) % maX{O,u—i— % +60X°— O'X}.
We assume that consumers form expectations before third-party sellers choose their output, but after
listing contracts have been offered — i.e., contracts have a ‘signalling’ content to the extent that consumers
infer outputs from these deals (more below)E

We assume that § < ¢ — i.e., the market price is more responsive to actual output than consumer
expectations — to guarantee a downward sloping demand function. Marginal costs, upstream and down-

stream, are normalized to 0 without loss of generality.
Industry structure, contracts and payoffs. We compare two alternative industry structures:

(a) Vertical separation: Dy and Djy are separated from U.

(b) Vertical integration: U vertically integrates with Dp, while Dy remains an independent (non-
integrated) unitm

In the baseline version of the model, we assume linear listing contracts — i.e., U offers each third-party
seller D; a fee w; that D; has to pay for each transaction made on the platform. Hence, when D; sells

x; units of product, the payment collected by U is w;z; (alternatively w; can be interpreted as a linear

16For example, [Belleflamme & Peitz| (20195) and [Hagiu & Halaburda) (2014) show that it is profitable for platforms to
disclose listing fees when platforms compete less fiercely. For similar results, see also|Tremblay] (2020]), |Casner & Teh| (2021)),
Tremblay| (2016)), |Jullien & Pavan| (2019), |Chellappa & Mukherjee| (2021), and |Suleymanova & Wey| (2012)).

*For simplicity, here we do not consider partial vertical integration (see, e.g., [Spiegel et al.| (2013)).



wholesale price). Hence, while under vertical separation D;’s payoff is
(P(XG,X)*U)Z‘)I‘Z', Vi:1,2,

and P’s payoff is
Zi:LQ WiZq,

under vertical integration the merged-entity’s payoff is
P(Xe, X){L‘l + woX9,

while Ds’s payoff is the same as with vertical separation.

Notice that, once integrated with D;, U has the option to foreclose Dy by setting a sufficiently large
per-unit fee wy (i.e., such that x9 = 0). Focusing on the conservative case in which the benefits associated
with a foreclosure strategy are maximized, we assume that Dy has no outside option, meaning that it has
no access to an alternative (even inferior) platformE Therefore, if U decides to (fully) foreclose, Dy exits

the market and U-D; is a monopolist.
Timing and equilibrium concept. The timing of the game is as follows:

t =1 U decides whether to merge with D;.

t = 2 U publicly sets the listing fees charged to its downstream unit(s). Consumers observe contracts and

form an expectation X¢.
t = 3 Sellers choose outputs, profits materialize and payments are made.

As in Katz & Shapiro| (1985), the solution concept in the downstream competition game is Fulfilled
Expectations Cournot Equilibrium. Specifically, each seller chooses its output level taking as given con-
sumers’ expectations X ¢ under the assumption that these expectations are consistent with the equilibrium
outcome — i.e., rational expectations — and are formed at the interim stage after contracts have been
offered but before output is setE Throughout, we will focus on symmetric equilibria such that, under

vertical separation, both third party sellers produce the same output and receive the same contract.

Technical assumptions. To guarantee that Pr[r>7*] € (0,1) we impose the following technical

requirement:

A1 The dispersion index d £ 2% of the consumers’ willingness to pay is sufficiently large — i.e.,
m

202 (50 — 26)
1502 + 462 — 1800 "
18See|[Pouyet & Trégouét| (2016) for a model in which the platform is competitively constrained by the presence of inefficient

entrants.
19See also, Belleflamme & Peitz| (20194) for a related paper that models competition between sellers in a Cournot setting.

d>d=

10



This condition simply implies that consumer preferences are sufficiently dispersed to guarantee that
a positive mass of consumers, but not all of them, buy the product.

Finally, we assume that the platform does not charge consumers a price for using its services. We
explore this possibility in the online Appendix and show that our conclusions remain valid even under this
circumstance — i.e., the presence of an access price charged to consumers has only the effect of reducing

consumers’ reservation price but it does not matter for the indifference condition .

3.1 Equilibrium under vertical separation

First, consider the pre-merger regime — i.e., the case in which U is vertically separated and contracts
with Dl and D2.

Quantity setting stage. For given w; and we, D; (i = 1,2) solves

max (P (X¢ X) — w;) z;. (2)
x; >0
Recalling that consumers’ expectations X ¢ have already been formed in stage 2, when setting output each
seller takes as given those expectations on the ecosystem’s size. Then, differentiating with respect to x;
(holding X€ constant) and then imposing rational expectations — i.e., X* = X¢ — it is easy to show

that sellers’ first-order conditions imply

2w_i(o —0) — 2w;(20 — 0) + o (2u + o)

*(wy, w;) 2 | =

xy (wi, w—;) 50(30 — 20) , Vi=1,2, (3)

2 2u+o0 = w;

* L * Cns ) — =12 ™
X (w17w2) - ;xl (wl?wj) 30_ _ 20 ’ (4)

and
o

P* (wy,ws) & P(X* (w1, ws), X* (w1, ws)) = pt + 5 (0 —0) X* (wy,ws) . (5)

The interpretation of the above expressions is rather simple. The quantity set by each seller is decreasing
with its own fee and increasing in the rival’s fee. Interestingly,
821';( (wi, w—) 1

= - <0, Vi=1,2.
Ow—;00 (20— 30)* ~

meaning that D;’s incentive to expand output in response to an increase in the fee charged to the rival
is mitigated by the presence of relatively stronger network effects. This is because a reduction in the
rival’s output lowers consumers’ willingness to pay for both products and, therefore, also lowers the
(equilibrium) final price. In turn, this makes it unprofitable for D; to expand demand by as much as
when network effects are absent. Thus, the traditional Cournot externality arising from outputs being

strategic substitutes is dampened in the presence of network externalities.

11



Simple inspection of aggregate output reveals that, holding fees constant, X*(wj,ws) is increasing in
0. The intuition is that an increase in 0 is akin to improving the quality of the network, which increases
the consumers’ willingness to pay, thereby inducing D; and D to expand their sale volumes.

Moreover, differentiating P* (w1, ws) with respect to 0, we get

oP* () OX* () outo =3 wi)
g X O lo—h) =5 = (30 — 20)?

()

This equation reflects two opposing forces. The first term reflects that as 6 increases, consumers buy more
for a given price and, hence, the equilibrium price will increase. The second term captures the impact of
an increase in 0 on the elasticity of demand: as 6 grows, X*(-) also grows and the elasticity of demand

increases. This effect is increasing in o. Specifically, as ¢ increases, price becomes more responsive to

E wy,
=12

which ensures that aggregate output is positive (a conjecture that will be verified ex-post), the first effect

output. Under the assumption that

w+ ==

N Q
N =

dominates. Hence, for given listing contracts, stronger network externalities increase the market price in

addition to increasing output.

Contracting stage. We can now turn to characterize equilibrium fees under vertical separation. U

chooses w1 and wsy to maximize its profit — i.e.,

max Z wizy (wi, w_;) .
Y212
Notice that, having imposed the rational expectations equilibrium requirement at the downstream quantity-

setting stage, at the contract-setting stage U internalizes the effect of increasing the fees w; and ws on

these expectations that are indeed correct at equilibrium. Differentiating with respect to w;, we have

oz} (wi, w—;) 0z, (w—;, wy)

* (2] (2 —1 (2] (2 .

xf (wi,w_;) + wilaT + w_ia—wi =0, Vi=1,2. (6)
Margin + Volume effects Strategic Effect (+)

This condition reflects the impact of higher fees on U’s profit. There is a trade-off between upstream
margins and downstream volumes: for given D;’s output, a higher w; increases the revenue earned by U
on each unit of sale made by D;. At the same time, by increasing w;, U exerts downward pressure on
D;’s output, thereby reducing its revenue. In addition to these two standard effects, by increasing w;, U
also positively impacts D_;’s demand because outputs are strategic substitutes and contracts are public,
thereby increasing the fee that U collects from D_;.

Solving the above condition, we obtain the equilibrium fee under vertical separation.
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Proposition 1 With linear contracts and vertical separation, there exists a unique, symmetric equilibrium

i which each seller is charged
2u+o
I
wry, 4 .

In this equilibrium, the individual output, the aggregate output and the market price are, respectively,

2u+o
2(30 — 26)’

(2u+0) (20 — 0)
2 (30 — 20)

~ 4(30 —20)’

[I>

% X7 2 Pf

All these variables and U’s profit are increasing in 6.

As explained above, an increase in 6 is akin to improving the quality of the network which increases
the consumers’ willingness to pay, thereby increasing individual and aggregate output, retail price and
upstream profits. Interestingly, the equilibrium fee is independent of the degree of network externalities.
This result is the resultant of two opposing forces. On the one hand, when 6 increases, consumers’
expectations rise, which (other things being equal) leads to a higher equilibrium price, and thus to a
higher fee because U has an incentive to extract the expanded downstream margin. On the other hand,
a higher fee tends to create double marginalization, which lowers output and thus reduces U’s profit. On
the net, these two effects compensate each other under our linear-quadratic specification.

Finally, notice that
2u+o

Xp>xMae 20T 7
L= 2(20 —0)

where XM is the output that would be chosen by a fully integrated monopolist who is therefore unable to
use listing contracts as a communication device to influence consumers’ expectations and exploit network

externalities at its own advantage.

3.2 Equilibrium under vertical integration

We now consider the case in which U and D; merge. Throughout, we conjecture and verify ex-post that

foreclosure does not occur at equilibrium.

Quantity setting stage. In the second period, for given we, the merged entity U-D; and its non-
integrated rival Dy set outputs to maximize their profits. Once again, consumers’ expectations are taken
as given at the quantity-setting stage. Specifically, U-D; solves

maxP(Xe,X)ajl—i— w2,

2120 oo — ~——

Direct sales Indirect revenue

which is the sum of the profit made through the direct sales channel (i.e., the integrated unit) and the
revenue collected from the independent seller. Dy solves

max (P (X€, X) — ws) 2.

x2>0
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As before, recall that consumer’s expectations X¢ have already been formed when the merged entity sets
output. Differentiating with respect to x; (holding X¢ constant) and then imposing rational expectations
—i.e.,, X* = X — it is easy to show that sellers’ first-order conditions imply Differentiating with respect
to x1 and x2, respectively, and imposing rational expectations — i.e., X¢ = Zi:1,2 CL'ZVI — it is easy to

show (see the Appendix) that under vertical integration

a 2wa(o —0)+0(2u+0)
N 20 (30 — 20)

zy T (ws)

> 23 (wy) £ max {0, o(2ut o) = 2ws(20 = 6) }

20(30 — 26)

The output of the integrated entity rises in the fee charged to the non-integrated rival. However, as

explained before, the rate at which a higher ws tends to increase x; falls with the extent of network

effects — i.e., #7(wy) is increasing in wq, but

2..VI
0%xy (wz):_ 1 _<o.
w00 (20 — 30)

Furthermore, Dy’s output falls as the fee rises and the rate at which it does so, decreases with network

externalities — i.e., x5! (ws) is decreasing in wsq, and

82x¥1(w2) B 1
=- S <0.
w00 (20 — 30)

This is because the reaction functions become relatively less steep when network externalities become
stronger. Hence, the traditional Cournot price-externality (arising from outputs being strategic substi-
tutes) is less significant in the presence of network effects. Any reduction in x5 due to a higher ws triggers
a lower increase in output by the rival for large values of §, which in turn makes 3 ?(ws) less responsive
to wo.

Finally, notice that z¥(ws) > 0 if and only if

s 0(2u+o0)
<WE ——=. 7
) 9
That is, full foreclosure occurs if and only if ws > w. The ‘choke price’ w is increasing in 6 — i.e.,

foreclosure is less likely when network externalities are relatively stronger — which is a direct consequence
of what we explained above. Moreover, w is increasing in p since there is less incentive to foreclose in
a larger market. The impact of o on the choke price is ambiguous: a higher o increases the demand
intercept, thereby making foreclosure less likely, but it also makes aggregate output less responsive to
price, which means that there is less competition from products distributed outside the ecosystem, which

expands the merged entity’s incentive to monopolize the market.
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In an interior solution — i.e., assuming that wo < w — aggregate output is

2u+ 0 —w
XV w) & 3 M) = FETE
i=1,2

As before, holding ws constant, a higher 6 expands aggregate output. The market price is

2u+ 0 —wa

PV (wy) & P (XY (w2), XV (w2)) = p+ = — (0 — 0) PR

2

which, is again increasing in ¢ under the assumption that aggregate output is positive, i.e.,
2u+ 0 —wy >0,

since the direct effect of a higher 6 on consumers’ willingness to pay more than compensates the indirect

(positive) effect of # on aggregate output.

Contracting stage. U maximizes the sum of D;’s direct sales profit and the revenue collected from Do
—i.e.,

max PV](wg)xY](wg) + w2x¥I (wa) .
w2 —_—

D1’s sales profit Downstream revenue

Again, in the contracting stage, U internalizes the effect of ws on XV (wsy) which is the intuitive reason
why, as it will be clear below, it benefits from dealing with Ds; namely, to enhance consumers’ beliefs

concerning the total quantity. Differentiating with respect to ws, by the Envelope Theorem, we obtain

oxy (") OP (+) ox¥ 1 () oP(-)oxVI(,)

v 2 VI 2 VI

D+ + . + ) =0. 8
2" () +ws Ows 0X 770 Owsg 0Xe¢  Ows 717 () (8)
Marginal downstream revenue Strategic effect (+) Network externalities (—)

The three terms in the above condition reflect the following forces. First, a higher fee has a volume and
a margin effect on the downstream revenue that the integrated entity extracts from the non-integrated
rival. Second, by reducing D5 ’s output, a higher fee impacts the retail market price and the integrated
entity’s direct sale profit, a strategic effect echoing the Stackelberg first-mover advantage. Finally, there
is a network externality effect, which characterizes how a higher fee influences the formation of consumer
expectations on the ecosystem size. By increasing the fee charged to Ds, the merged entity reduces the
aggregate output, and hence (in a fulfilled expectations equilibrium), it also reduces the positive demand
intercept generated by consumers’ expectations. We elicit the existence of the network externality effect,
in the absence of this effect, wo would be set very high. The trade-off between these effects determines

the equilibrium fee with vertical integration, which is characterized in the next proposition.
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Proposition 2 Under vertical integration, the equilibrium contract that U-D1 offers to Do features

0o (30 —20)(2u+ o)
4(20 —0) (6% + 50 (0 — 0))

(+)

wy! 2w — <w, Y0¢e0,0]. (9)

Foreclosure occurs only when there are no network effects — i.e., 8 = 0. For every 0 > 0, U-D1 has no

incentive to foreclose Dy. Moreover, w)—J/I is inverted-U shaped with respect to 0 and features a mazximum

at
* A (5_ \/5)0
_74 .

while Do’s equilibrium output is increasing in 0. In this equilibrium, individual outputs, aggregate output

0

and the market price are, respectively,

R 0(2u+ o) VT (2p + o) (50 — 36)
2 T 402 +50(0—0) Y T 402 +50(0—0))

Vi a (50 —20)2u+ o)
L7402 +50 (0 — )

and
s 0Q2u+o0) (50 —36)

Pt A :
L 4(62 + 50 (o — 0))

The merged entity U-D; has no incentive to fully foreclose its rival when network effects are in place
14

— i.e., wLI < w for every positive, even negligible, #. To gain insights, suppose that 6 = 0, by the
Envelope Theorem, equation can be rewritten as follows.
oxyT () OP (-)

2 i VI, VIiy

~
Monopoly rule

implying that industry profit maximization (i.e., the monopoly outcome) requires x5 !(-) = 0 and thus
wgl = w. In the presence of network effects, the fee is always set lower than the level that fully forecloses
D5 as the negative network externalities effects kicks in, ensuring that the independent unit is never fully
foreclosed. The optimal fee w‘L/I is shaped by two opposing forces. First, by a standard monopolization
logic, for given consumers’ expectations, the integrated platform would like to marginalize D5, by charging
a high wo, as consumers’ willingness to pay increases (i.e., as 6 grows large). Second, increasing the rival’s
fee depresses consumers’ expectations since they anticipate that Dy’s output will drop, which in turn
reduces the equilibrium price and U’s profit. These two effects are affected by changes in . An increase
in # makes foreclosure less likely (Ow/06 > 0), which implies that a higher wy, is needed to secure
monopoly rents. However, an increase in 6 also makes network effects more important which exerts a

downward pressure on wr..
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As intuition suggests, w‘L/I is increasing in 6 for low values of this parameter because consumers’
expectations are relatively less relevant than the standard marginalization logic. On the contrary, for 6
large enough, wgl decreases in 6 because marginalizing the rival is relatively less profitable than increasing
the market price via a higher ecosystem size. As an illustrative example, Figure 1 plots the equilibrium

fee and Ds’s output pre- and post-merger as functions of 6.

n 0.6 || 0.3 |
& |l=ur g
= 0.5 a 0.2 1
4+
< =
3 04+ L S 0.1+
0.3 1 1 1 1 1 0 1 1 1 1 :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
0 0
(a) Post-merger wholesale price and choke wholesale price (b) Post-merger and pre-merger output of Ds.

Figure 1: Equilibrium wholesale prices and outputs for p = 1/8 and o = 1.

Interestingly, 6* is increasing in 0. Hence, the less (resp. more) heterogenous consumer preferences
are, the larger (resp. smaller) the region of parameters in which stronger network externalities reduce the
equilibrium fee, thereby promoting market participation of the independent unit.

Finally, notice that
0 (o +2u)(c—0) <0
420 —0)(6%2+50 (0 —0)) — 7

2V — XM= _

but 0
o(2u+o0) >0

420 —0) (02450 (0 —0)) —

Although the merged entity U has a first-mover’s advantage vis-a-vis Do— i.e., setting wy is de facto

XXI—XM:

equivalent to set ¥’ (wp) — unlike the traditional Stackelberg leader it prefers to reduce its output
below the monopoly level, by setting wo below w in order to foster Ds’s output and trigger consumer’s
expectations (only when # = 0 the merged entity behaves as a Stackelberg leader and sets output to the

monopoly level).

3.3 Competitive and welfare effects

We are now in the position to assess the competitive and welfare effects of the merger. A useful first step

is to compare equilibrium fees and market shares pre- and post-merger.

Proposition 3 The equilibrium fee is higher under vertical integration than vertical separation — i.e.,

w}jl > w}. Moreover, Dy ’s market share increases under vertical integration while Dy’s market share
drops — 1.e.,
oyl > a5 >yl >o.
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Moreover, Ds’s output is always positive in presence of network effects — i.e., ¥ >0 for all § > 0.

The reason why the fee increases after the merger is simple: by increasing the fee charged to its
independent unit the merged entity is able to divert demand from the rival to its own direct channel,
whose production cost is zero. This increase in Dy’s fee lowers its output in the vertical integration case
in comparison to the vertical separation case. Furthermore, the output of D; increases as the marginal

cost of production of D; falls along with a diversion of output away from Ds.
Corollary 1 The following comparative statics holds:
o(wyT—w) . . "
o — L2 <0 if and only if 6 > 0%;

VI_ %
o w > 0 for every 6 € [0,0);

° w <0 if and only if 6 > é—g.

The first result is immediate from the fact that w){l is inverted-U shaped in 6, while w} is constant.
The intuition for the second result is also simple: by cashing directly the downstream revenues, the
vertically integrated platform internalizes the effect of consumers’ expectations more than under vertical
separation. Finally, regarding the effect of 6 on the difference between D>’s output with and without
vertical integration, the result shows that such difference falls in # when this parameter is not too small
(and vice-versa). The intuition is as follows. In contrast to the vertical separation case, the equilibrium
fee is inverted U-shaped with respect to 6 under vertical integration. Hence, # must have a non-monotone

effect on Do’s output too. Specifically, an increase in 6 impacts D- ’s output as follows

ox!(w}") | oay! (") u}!

00 Owo 00
—_—
Direct effect (+) Indirect effect ( ?)

The direct effect is always positive as it increases the demand intercept, thereby accommodating an
expansion of Ds’s output, and this effect is always larger under vertical integration. Instead, the indirect
effect is positive for 0 being sufficiently large and negative otherwise. Therefore, when 6 is small, the
indirect effect has a different sign than the direct effect. As a result, Dy’s output increases with 6 at a
slower rate under vertical integration than under vertical separation for 6 small, and the opposite holds
otherwise.

We can now turn to study the effects of vertical integration on profits.

Proposition 4 With linear contracts, vertical integration is profitable to U-D1 but detrimental to Ds.

The loss incurred by Do becomes negligible when 0 is sufficiently large.

Under linear contracts, the merger is profitable because it enables U to eliminate one layer of double

marginalization — i.e., Di’s unit cost drops to zero. Yet, the merger reduces Dy’s profit. This is
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because, being less exposed to double marginalization, the integrated supplier extracts a larger fraction
of Ds’s profit via a higher fee — i.e., vertical integration solves the double marginalization problem with
Dy .while it makes it worse with Ds. This loss, however, becomes negligible when network externalities are
sufficiently large since extracting more rents from Dy depresses consumers expectation on the ecosystem
size, thereby reducing demand.

We finally study the effects of the merger on consumer surplus and total welfare.

Proposition 5 With linear contracts, the merger always increases consumer surplus, industry profit and

thus total welfare. The gain in consumer surplus and total welfare is increasing in 6.

The reason why the merger increases consumer surplus is standard: it reduces double marginalization
while retaining competition in the product market. The reason why total industry profit increases is
also intuitive: the loss of Ds induced by a higher fee post merger is more than compensated by the
increase in profits of the merged entity because more production in the industry is allocated to the most
efficient firm. The effect on total welfare then follows immediately: since products are homogenous and
sellers compete by setting quantity, Ds’s loss is internalized by its rivals, whose profit increases. Hence,
in addition to increasing consumer surplus, the merger also increases industry profit, thereby increasing
total welfare. Obviously, when network externalities increase, the intra-platform rival’s participation in
the market increases as well as consumers benefit. An increase in 6, lowers the negative implications of
vertical integration on the rival while the benefits from the elimination of double marginalization remain.
Thus, consumer benefits from more competition over and above the elimination of double marginalization.
Instead, in the vertical separation case, the welfare benefits of network externalities are partially dissipated
by excessive double marginalization under vertical separation. By contrast, by eliminating one layer of
double marginalization, vertical integration allows consumers and the integrated entity to appropriate the

benefits of network externalities better.

4 Extensions and further remarks

This section shows that the analysis developed above and its main insights remain true and, in some

cases, even strengthen when most of its underlying assumptions are relaxed.

4.1 Indirect network externalities

So far we have only considered direct network externalities. We now take a two-sided market perspective
and assume that network externalities are indirect rather than direct. To this purpose, we consider a
game with four types of players: the platform, the consumers, the sellers, and the developers. Compared
to the previous model, the novelty here is the presence of developers. These players provide additional
(complementary) services that consumers enjoy when joining the platform through the product purchased

from the sellers. A common example of such an environment is the modern electronic device industry.
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The value that consumers attribute to an electronic device (e.g., a tablet or a smart-phone) is a function
of the number of Apps available on that device, which is in turn determined by the operating system
managed by the platform. On the other hand, an App developer’s incentives to develop an App to use
on a specific type of device depend on the number of users who adopt compatible devices. This implies
that there are indirect network externalities in the adoption of electronic devices.

We argue that this additional layer of complexity in the market structure does not alter the baseline
model and that the two settings are de facto equivalent. Suppose that the inverse demand function
(derived as in the baseline model) is as follows:

P()2 max{(),,u—i— o A —UX},
where A€ denotes the consumers’ belief regarding the total mass of developers (apps) active within the
ecosystem, and -y is the marginal utility from the presence of an additional developer.

Developers’ are heterogenous and their participation is modeled as follows. They are distributed
according to their random outside option k ~ U [0, 1]@ A developer of type k obtains the following
utility from participating in the platform

v() 29X~ k,

where X¢ denotes the mass of expected consumers on the platform. As standard in the literature we
assume common beliefs on the two-sided of the market — i.e., all consumers hold the same expectation
on the number of developers joining the platform and vice-versa. The parameter ¢ is the value that
developers attribute to each additional (expected) consumer on the platform. For simplicity, we assume
that developers are not charged an entry price by the platform for offering their products on the platform@

Developers will be active in the ecosystem as long as they make positive expected profits given their

belief on the total consumer demand on the network — i.e.,
v()>0 & k<E(X%ZEpXC

The above condition determines the mass of developers A (X€¢) = ¢X¢ that will join the platform condi-
tional on their (common) belief X°.

The timing of the (modified) game is as follows:
t =1 U decides whether to merge with D;.

t =2 U publicly sets the listing fee(s) charged to its downstream unit(s). Consumers and developers
observe contracts. Consumers form expectations on the mass of developers affiliating with platforms

A€ and developers form expectations on the consumer demand X°€.

20We assume the standard regularity conditions for well behaved demands.
2!The results do not change with the inclusion of a positive ecosystem participation fee charged to the developers (see
the online Appendix).
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t = 3 Sellers choose outputs, profits materialize and payments are made.

Under the hypothesis that beliefs are correct in equilibrium and that contracts are public to all players,
this model produces the same results as in the baseline model with 6 being replaced by the product ~v¢
— e,

P(‘):max{(),,u—l-%—i-’yqﬁXe—aX}.

As a result, when U vertically integrates with a seller, it will not foreclose its non-integrated rivals provided
that v and ¢ are both positive. The solution of the model is, therefore, exactly the same as in the baseline
model with 6 = ¢ry.

Of course, the introduction of access prices on both sides of the market may slightly change the
equilibrium values, but the link between network externalities and foreclosure will not be altered by the

fact that U can charge developers and consumers an access price@

4.2 Endogenous network effects

Up to this point, we have assumed that the parameter 6 capturing network effects is exogenous. However,
one could imagine that platforms can engage in costly activities to improve their ecosystems’ quality
and foster network externalities — e.g., advertising and promotional campaigns, R&D activities aimed at
strengthening the compatibility standards between the different products belonging to the ecosystem, etc.
In the following, we show that the incentive to invest in € is higher under vertical integration case than
in the no integration case. We impose the conservative assumption that there are no other integration
efficiencies to this purpose. Therefore, we examine the determinants of U’s marginal benefit from an

expansion of # with and without vertical integration. In the Appendix we show that the following holds:

Proposition 6 IfU can invest to enhance network externalities, it invests more under vertical integration

than vertical separation — i.e.,

oyl +wptayh)  O(wpX})

20 o9 "

This result strengthens our previous conclusions. With vertical integration U directly internalizes the
impact of 6 on the equilibrium price through the downstream unit’s profit. By contrast, under vertical

separation the effect is only indirect through the equilibrium values wj and X7.

4.3 Endogenous contract disclosure

The results illustrated above hold under the hypothesis that listing contracts charged to third-party
sellers are observed by the market and can influence participants’ expectations about the network size. A

natural question is whether the platform has an incentive to disclose these contracts (or credibly commit to

22This extension is available in the online Appendix.
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making them observable). In this section, we show that contract disclosure is always in the platform’s best
interest. While vertical integration is always profitable with and without public contracts, the platform
can influence participants’ expectations in the former case. By contrast, under secret contracts — i.e.,
when the fee that is offered to a seller is unknown to consumers and the rival — the vertically integrated
platform always has an incentive to foreclose the downstream rival. The reason is simple: for every
expectation x§ > 0, the integrated entity has always an incentive to (secretly) charge a high enough fee to
foreclose Dy — i.e., such that zo = 0. Consumers will rationally anticipate this behavior and accordingly
reduce their willingness to pay — i.e., the only credible expectation is 2§ = 0.

Therefore, when U integrates with D; and forecloses D2, and consumers anticipate a monopoly in the
downstream market, U solves

g}g?g (,u + % + 0x§ — 0:131) x1,

whose solution, assuming rational expectations (z{ = x) yields

Ma O0+24
2(20 —0)’

which as expected is increasing in . Substituting this expression into U’s monopoly profit we have:

M2 g (2p+0)°
4(20 —0)*

Comparing this expression with U’s profits under public linear contracts and vertical integration, i.e.,

50(2u + o)?

m S P e = e o)

we have 9
VI_ M2 00 (0 + 2p)
16(62 + 50 (0 — 0)) (6 — 20)*

which is always positive and equal to zero at § = 0. Therefore, U always has an incentive to disclose its

contract rather than making them secret and monopolize the market post merger.

4.4 Two-part tariffs

Suppose now that U offers two-part tariffs — i.e., D; is offered a contract C; £ (w;, F}) specifying a linear
fee w;, to be paid for each unit of sale made, and a fixed (lump sum) fee F;. Hence, when D; sells z;
units of final product, the payment collected by U is w;x; + F;. The rest of the assumptions are as in the
baseline model. Once again, we impose that consumer preferences are sufficiently dispersed to guarantee

that only a positive mass of consumers, but not all, buy the product.
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A2 The dispersion index d £ "72 of the consumers’ willingness to pay is sufficiently large — i.e.,

202
> **é =~ )
d>d max{0,30_40}

Since fixed fees are sunk when outputs are chosen, the equilibrium of the quantity-setting subgame is

the same as in the baseline model. Hence, we can directly focus on the contracting stage.

Vertical separation. U chooses C; and Cy to maximize its profits — i.e.,

max [wiz} (wi, w;) + F],
(Ci)i:1,2 ;

i=1,2
subject to D;’s participation constraint

F; < [P* (w1, w2) — wy) &) (wi,w;), Vi=1,2.

Substituting D;’s binding participation into U’s maximization problem and rearranging terms, the

above maximization problem rewrites as

maXP* (wl, ’w2) X* (’11)1, wg).
w;

Ecosystem profit

Differentiating with respect to w;, we obtain the following first-order conditions

OP* (1) 0X™* (+) 0 OX™* (- <8P* ()
aXe 8101' awi aX

Network externality effect (-)  Industry profit maximization w/o network effects

X*(-)+P*(-)> =0, Vi=1,2 (10)

As standard in a model with (vertical) public contracts, there is a trade-off between volumes and
profit margin. By increasing w;, U exerts downward pressure on the aggregate output. At the same time,
a lower aggregate output increases the market price that, in turn, expands U’s profit margin.

The expression above clearly shows that network externalities reduce the linear component of the
contract offered by U to D;. At § = 0 the network externality effect vanishes; as a result, the equilibrium
fees are set to maximize industry profit (monopoly outcome). Instead, when 6 > 0, network effects reduce
the incentive to implement the monopoly outcome since the first term in is negative.

Solving the first-order condition , we can show the following proposition.

Proposition 7 With two-part tariffs and vertical separation, there is a unique symmetric equilibrium

such that
s (0—20)2u+0)

8(c —0) ’

wr Vi=1,2. (11)
with w}. being decreasing in 6.

23



The equilibrium fee charged under vertical separation is decreasing in ¢. Interestingly, for § > & the
equilibrium fee is negative (i.e., below marginal cost) even with vertical separation. The platform finds
it profitable to subsidize firm outputs to expand its ecosystem size which increases consumer demand
without hurting margins. This is because under two-part-tariffs U is able to internalize all the benefit of

increasing consumers’ expectations on the ecosystem size through the fixed fee.
Vertical integration. The merged entity U-D; solves the following maximization problem

max PV (wy) 2T (wo) + wozy T (wy) + Fy (12)
subject to Ds’s participation constraint

FQ S [PVI (’u}g) — wg] acgl (wg) .

Substituting Ds’s binding participation constraint into U-D;’s maximization problem and rearranging

terms, the above maximization problem rewrites as

max PV (w3) XV (wy).
w2

~
Ecosystem profit

Differentiating with respect to ws, by the Envelope Theorem, we obtain

8PVI () 8XVI ()
0Xe 8w2

Network externality effect (—) Strategic effect (+)

oxVI()
8’11)2

XV = (PYI() = w2) = 0. (13)

Hence, we can show the following.

Proposition 8 With two-part tariffs and vertical integration, the equilibrium fee charged to Do is

wft 2 (=R (14
0B —-20)2u+o) _ _
YT 0o —0) =" 15)

with w¥1 decreasing in 6. Moreover, for every 8 > 0, the merged entity has no incentive to foreclose the

non-integrated rival — i.e., wh! < w so that xy 1 > 0.

This proposition demonstrates that the logic of the no foreclosure result discussed in the baseline model
holds even under two-part tariffs. Once more, for 0 sufficiently large — i.e., # > § — the equilibrium fee

is negative. Notice, however, that the equilibrium fee under vertical integration is more responsive to 6
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than under vertical separation — i.e.,

6w¥ I owry
00 00

The reason is that, with vertical integration, U has only one instrument to influence consumers’ expecta-

tions. Hence, Ds’s fee must react more to  under integration than separation.

4.4.1 Competitive and welfare effects
We now turn to study the competitive and the welfare effects of the merger under two-part tariffs.

Proposition 9 The equilibrium linear fee is higher under vertical integration than vertical separation —
i.e., w¥1 > wy.. Moreover, D1’s output increases post-merger while Do ’s output drops post-merger — i.e.,
VT > o% > 2l

The reason why the fee increases after the merger is simple: for given retail price, by increasing the
fee the merged entity is able to divert demand form the rival to its own direct channel, whose production
cost is zero. However, as discussed above, in order to exploit network effects, the merged entity has no

incentive to fully foreclose the rival — i.e., w%l < w when 6 > 0.

Corollary 2 With two-part tariffs, 6 unambiguously reduces the difference between fees and outputs with

and without vertical integration.

The above corollary shows that as network effects rise, the incentive of the merged entity to increase
the rival’s cost mitigates. Hence, the negative impact on Ds’s output levels is lower for (relatively) large
network effects.

Finally, the following neutrality result holds.

Proposition 10 Vertical integration is welfare neutral — i.e., it does not impact industry profits and

aggregate output.

The reason why, with public two-part tariffs, vertical integration does not impact profits and aggregate
output is as follows. With two-part tariffs and vertical separation, U fully internalizes downstream profits
via the fixed fee while influencing output decisions and consumers’ expectations through the choice of the
per-unit fee. Essentially, when contracts are public, the vertically separated supplier can always replicate
the market outcome obtained under vertical integration — i.e., by setting w; = 0 and wy = w¥l . Hence,
U’s profit is the same before and after the merger, implying that vertical integration does not impact
aggregate output either.

Finally, notice that while in general, the shares of the aggregate surplus accruing to each party in
a vertical relationship always depend on the attractiveness of outside options available to sellers, in
this paper, we assumed a monopolist platform to derive conservative results concerning its incentives
to foreclose. In this respect, the presence of an outside option for the sellers can only reinforce the

non-foreclosure result.
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4.5 Competing (two-sided) ecosystems

In this section, we introduce competition between two-sided ecosystems. Specifically, we consider a verti-
cally integrated platform (hereafter the incumbent, I ) that competes with D and D5 in the downstream
market. Following Katz & Shapiro| (1985), we assume that the two ecosystems are not compatible. Fur-
thermore, we posit that I offers a developer network value of 77 to consumers while U offers a different

network value to consumers 7. Specifically, the utility of consumers that joining ecosystem j € {I,U} is
Uj(-) 21 +7;4A5 - P,

where, as before, A; is the consumers’ (common) expectation on the mass of developers joining ecosystem

j. The hedonic prices must be such that
Py —ywAy = Pr—viAf,
Let the common reservation value be
r* & Pr— A7 = Py — wAy,

consumers buy on either network if and only if r > r**. Assuming again that r ~ U [un— %, + 5],
aggregate demand is

Prir>r*]=X = Z i+ 7.
i=1,2

Hence, the inverse demand function for the products distributed within U’s ecosystem is

g

Py (-) & max {0,,u—|— 2

+ FYUA% - UX} )
while the inverse demand function for the products distributed by I is
Pr () émaX{O,ujL%—F’y]A?—aX}. (16)

As before, we assume that developers are heterogenous with respect to their fixed cost k, which
is uniformly distributed on the unit interval. Developers of type k joining platform j obtain utility
v;(k) £ ¢; X £ — k. Developers are active on a platform if they get positive utility from interacting with

consumers on that platform. Therefore, the total mass of developers on platform U and I are given as
Ay £ ¢y Xg, Ar £ ¢paf,

with X& = 3. 5 2¢.
The structure of the game and the solution procedure is then as before. As before, we focus on equilibria

such that consumers’ expectations are fulfilled and, under vertical separation, D; and Dy produce the
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same output and receive the same contract offer. We restrict attention to the region of parameters in
which equilibrium outputs are positive, second-order conditions are satisfied and r** is interior. To obtain
interior solutions, we impose that network externalities are not too high. That is, normalizing 8; £ ~;¢;

and 0y £ vy oy, we assume the following:

A3 0; < o and

A 40 — 7 6607 — 22070 + 2102
0 <9y < by & T\W0=T0) o [60] —226
20 —20) 2 (07 — 20)?
The restriction on 07 ensures that pre-merger outputs are positive. The restriction on 6y ensures that
the post-merger market price of the incumbent is positive.

The key difference with the previous analysis is the presence of I, whose maximization problem is

max Py (+) zj.
ot

Differentiating with respect to xy, the first-order condition yields

M‘F%‘F’Y{A?-O‘XU

* eX é
xl( I U) 20_ ?

which, as expected, is increasing in I’s network size and decreasing in the aggregate output distributed
within U’s network.

Then, the next result summarizes the equilibrium characterization under vertical separation.

Proposition 11 When U competes with an integrated rival I, the symmetric equilibrium under vertical

separation is such that
o (0= 602+ 0)
4(20 — 0r)

wiy

The equilibrium linear fee wy; is decreasing in 01 and constant in Oy. Xp; is increasing in 0y, while x7
is increasing in 0; and decreasing in Oy . Interestingly, X7, rises with 01 if and only if 07 < 6; & %‘7 and

0y >0y = 5.

As intuition suggests, the equilibrium fee offered by U to its sellers is decreasing with the strength of
network effects of the rival’s ecosystem. Moreover, as the value of own network benefits on an ecosystem
increase, the total output increases on the respective ecosystem. Further as 6y increases, the output of
the integrated ecosystem falls. Interestingly, the total output of ecosystem U also increases in the network
effects of the rival integrated ecosystem (67) when 6y is sufficiently large and 6; small. Intuitively, the
output expansion effect arising from a fall in wy; with 6; dominates the output reduction effect from an

increase in the attractiveness of ecosystem I when 0y is large and 67 is small.
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Proposition 12 When competing with an integrated rival, the merged entity U- Dy has no incentive to

foreclose Dy even if Oy = 0. The equilibrium fee is

WV A o(2u+o)(oc—05)(40y(0; — 20) + o(60 — 5071))
U' 74020 — 20)2 — 40p0(80 — 50;) (20 — ;) + 402(562 — 1500 + 1102)’
U I

with w;' < 0 if and only if Oy > 0 = 72((%2__%%) and ) > 05 £ %‘7

In line with the baseline model, the integrated supplier U-D; does not foreclose Ds. Interestingly,
with competing ecosystems, this is true even in the absence of network effects — i.e., at Oy = ()FE] The
reason is that dealing with D5 is a commitment device vis-a-vis the incumbent to expand output. Indeed,
wgl can be even negative (below marginal cost) for 0y and 65 sufficiently large: in this parameter region,
U commits to subsidize D5 to lower I’s output.

Hence, we can state the following.
Proposition 13 Dy ’s output is larger than the output of U-Dy if and only if 0y > 07 and 0; > 07*.

The interesting result here is that, when network effects are sufficiently large, the output of the non-
integrated unit can be higher than that of the vertically integrated seller. Hence, with network externalities
and competing ecosystems, the standard foreclosure logic not only fails, but it is even reversed: the
integrated platform has an incentive to subsidize its non-integrated units to squeeze the incumbent’s
market share. As an illustrative example, Figure 2 plots the equilibrium fee and D>’s output pre- and

post-merger as functions of 6y and 6.

1072

Linear fees

0O 01 02 03 04 05
0

(a) Post-merger wholesale price and choke wholesale price (b) Post-merger and pre-merger output of Ds.

Figure 2: Equilibrium wholesale prices and outputs for p=1/8, 0 =1 and 0; = 0.75.

Z3This result is also confirmed in a differentiated Bertrand competition setting, see, e.g., (Condorelli & Padilla (2021)).
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4.5.1 Competitive and welfare effects

We can finally characterize the competitive and the welfare effects of the merger with competing ecosys-

tems. Let

PN o(oc—0r)
- 20 — 01 ’
then:

Proposition 14 Comparing the fee charged to Do and its output pre- and post-merger, we can state the

following:
o Under strong network externalities (6 > 0): wi! < wjy and z¥1 > x%;

o Under weak network externalities (0 < 0): wgl > wy; and a:;” < a3

This proposition shows that, with competing ecosystems, the standard foreclosure logic is reversed
provided network externalities are strong enough — i.e., Do produces more under vertical integration
than under vertical separation.

We can finally state the welfare effects of the merger with competing ecosystems.

Proposition 15 When U competes with an integrated rival, the merger is always profit-increasing and
consumer surplus increasing. Moreover, Dsy’s profit is higher under vertical integration than under vertical

separation if and only if Oy > 6.

As in the baseline model, the merger is profitable because it allows U to eliminate one source of double
marginalization while controlling I ’s output with the fee charged to its non-integrated unit; and it is
also consumer surplus increasing because, in addition to eliminating double marginalization, when 6y is
sufficiently large, it also expands Ds’s output via a lower fee. The effect on Ds’s profit follows immediately
Proposition . When 6y > 0, the fee charged to D5 is lower than the pre-merger level. As a result,

Dy’s output, and thus its profit, increases in the post-merger regime.

5 Conclusions

In this paper, we argued that the traditional vertical foreclosure logic fails when considering downstream
markets featuring direct and indirect network effects. In particular, we have shown that when the utility
that each consumer derives from consumption increases with the number of other people consuming
the same good (direct network externalities) or with the number of developers in the platform (indirect
network externalities) and vice versa, vertically integrated platforms have no incentive to foreclose their
downstream nonintegrated rivals fully. Moreover, the incentive to marginalize opponents falls with the
extent of network externalities — i.e., the market participation (output) of the nonintegrated seller(s)

increases with the degree of network externalities. We have also argued that while vertical integration is
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profitable and consumer surplus enhancing when the supplier can offer linear listing contracts, it is profit
and consumer surplus neutral with two-part tariffs. Interestingly, results are robust when introducing
competing networks.

These results have several managerial implications and shed new light on the business conduct of
modern platforms. In particular, we have uncovered a positive link between platforms’ propensity to
open their ecosystems to third-party sellers and network externalities and publicly disclose contracts to
influence market participants’ expectations about networks’ size. In addition, our analysis also provides
a conceptual framework and a set of tools that can help policymakers assess the social desirability of

vertical mergers in the digital industry.
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6 Appendix

Proof of Proposition Assuming a symmetric equilibrium, the expression in equation @ can be
rewritten as

2+ o0 — 4wy 0
60 —40
whose solution yields
. 2pto
wr, = 4 .

Substituting w7 into the expression for aggregate output, we obtain

2u+o
XEA Xy = HTT
L W) = 53,29

Differentiating X7 with respect to ¢
0X;  2u+o

90 (30 —20)2

which is always positive.
Finally, the equilibrium market price is

s 2p+0)(20 - 90)

pP; =
L 2(30 — 26)
which is also increasing in 6.
It can be verified that U’s profit is
N (2p + ‘7)2
T = o,
8(30 — 20)

which is clearly increasing in 6. B

Proof of Proposition The first-order condition can be rewritten as

(50 — 40)0(2u + o) — 4wy ! (502 + 6% — 500)
20 (30 — 20)2

whose solution yields
WV A o(2u+ o)(bo — 40)
L 402+ 50 (0 —0))

with w‘L/I < w. Therefore, Dy is never fully foreclosed for every 6 € [0,0).
Differentiating w}jl with respect to

owYt  o(2u+ 0)(50 (o — 20) + 46?) A
= > < = ‘7
0 R +bo—f -0 © 0s? 1
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Substituting the equilibrium fee into the outputs and the market price, we have

VI _ 024+ o) vi _ (5o —30)(2u+ o)

T4 500 -0) - T 4@+ 50 (0 - 0))

(50 —20)(2u + o) vi _ o(bo —30)(2u+ o)
402+50(0—0) F T 402+50(c—0))"

X/ =
It is immediate to see that z3 { > 0 if and only if § > 0. Finally, differentiating with respect to 6, we get

dz¥’  (50% — 6%)(2u+ o)
00 4(02+ 50 (0 —0))2

> 0,

which concludes the proof. B

Proof of Proposition Taking the difference between the equilibrium fee under vertical integration
and vertical separation, we have

02u+o)(oc —0)

VI _ o« _ >
WL YL S J02 1 b (o — 6)) =
Moreover,
vi . (50? — 1400 + 100?) (21 + o)
— = . 1
L By )@ 4 50 (0 —0) (17)
VI % (50 —30)(c — 0)(2n + o)
_ — 1
T2 L= 8y = 20) (0 4 5o (0 —0)) (18)

which concludes the proof. B

Proof of Corollary The sign of the derivative with respect to 6 of the difference w‘L/I — wy is
immediate since w} is constant in 6. Moreover, it is easy to show

Oyt —a%) (20 —0) (200% + 3600 — 100° — 45002) (211 + 0)
Bl B 4(26 — 30)2(6% + 50 (o — 0))?

> 0,

and that

Oy’ —ay) _ (60" = 3260 + 596%% — 4000° +50%) 2t o)
90 4(20 — 30)%(6% + 50 (0 — 0))? - S

which concludes the proof. B

Proof of Proposition [4. The post-merger profit of U is

50(2u + o)?
VI & VI _VI vIi_VI
A R T 1C))
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Comparing profits with and without vertical integration

(502 — 262) (2u + 0)?
16(30 — 20)(6% + 50 (0 — 0))

myt —

> 0.

The profit of each downstream firm under vertical separation is

o(2u+ o)?
P* _ * * - 7
(FL = WD) = 1626 3072
Dy’s profit under vertical integration is
020 (2p + 0)?

PVI _ VIN, VI — )
(PL =L )22 = 1607 55 (0 — )12

Taking the difference between theese expressions we have

50 —30)(c — 0) (50% — 6% — 200) (2p + 0)?
Pr—wt et — (PYT V! VI:U(
(Pp —wi)xf, — (P wr," )z 16(20 — 30)2(62 + 50 (0 — 0))?

> 0.

At the 8 = o, the above profit difference is equal to 0.
Finally, we can compute the difference between total industry profit with and without vertical inte-
gration

(26% + 502 — 600) (26° + 50 (0> — 6%) + 00 (0 — 0)) (0 + 2u)*
16 (20 — 30)2 (02 + 50 (0 — 0))?

PYIXVT — PrXy = > 0,

which positive since 262 + 502 — 60c is decreasing in 6 and is positive at § = 0. W

Proof of Proposition Before comparing consumer surplus, it is useful to compare the aggregate
output under vertical integration and vertical separation — i.e.,

(262 — 660 + 502) (211 + o)
4(30 — 20) (02 — 500 + 502)

X/ - x5 = > 0.

Next, notice that the expression for consumer surplus is given as

X2
CS(X)=—.
2
Therefore, the difference between consumer surplus with vertical integration and vertical separation is

(262 — 660 + 507) (66% — 2600 + 2502) (21 + 0)?

32(20 — 30)2(62 1 50 (0 — 0))? >0

csyl —csy =

which is always positive.
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Differentiating the above expression with respect to 6 yields

(246° — 264650 + 12166*0? — 30086302 + 42306%6* — 321005° + 10255°) (21 + 0)?
16(30 — 20)3(0? + 50 (0 — 0))3

> 0,

which is always positive for § < o.
Total welfare in the pre-merger case is

(4o +1—20)(2u + 0)?

TW} =7y + 2(Pf —w}i)x}, + CS] = 520 — 30)?

Total welfare in the post-merger case is

(50 —20)(50(20 + 1) — 0(60 + 2))(2u + 0)2‘

TWYT — VI L (pVI _ WV VI VI _
Wi T+ (P —wpxy T +CSp 32(6% + 50 (0 — 0))2

THence, the difference between total welfare with vertical integration and vertical separation is

1 <(29 —50)(0(60 +2) —b0(20 +1)) 4(20 —40 —1)

32 (02 + 50 (0 —0))? + (20 — 30)2 >(2N+U)2 >0

which is always positive.
Differentiating the above expression with respect to 6 yields

I'(2u+0)?
16(30 — 20)3 (62 — 500 + 502)*

> 0,

where

I £ (80°(0 4 3) — 446°(0 + 6)o + 40* (304 — 30)0? + 463(1676 — 752)0°
+ 186%(235 — 12360)0® + 5(205 — 5416) 05 + 150(2290 — 214)0° + 87507)

is positive for § < c. B

Proof of Proposition[6 Differentiating U’s equilibrium profit with respect to 6 under vertical separation
and vertical integration, respectively, we obtain

O(wi X7) (2u+0)?
pu— 1
BT 130 —20p = (19)
O(PYIaY T 4wl iy _ 50(50 — 20)(2u + 0)? S0 (20)
29 16 (62 + 50 (0 — 0))?

Taking the difference between these expressions, it holds that

AP Y (wyh) + wylay T (wy ) 0w X})  (2u+0)?1250* — 46" + 800%02 — 19000°

o0 00 16 (30 — 26)2 (62 + 50 (0 — 0))?

34



The numerator of this expression is strictly decreasing in 6 (for 0 > ) and it is positive at § = 0. Hence,
the result. B

Proof of Proposition Solving the first-order conditions in for a symmetric equilibrium, we
immediately obtain the fee described in , which is clearly decreasing in 6. B

Proof of Proposition Solving the first-order condition in , we obtain

WV (0 —20)(2u+ o)
= 4-0)

which is clearly decreasing in 6. Recall that

o2u+ o)
220 —6)’

w =

is the choke price such that ¥ !(w) = 0. Hence, every we > w implies that Dy is fully foreclosed. It is
immediate to verify that, for any 6 > 0, w¥1 < w and thus mé”(w%l) >0. 1

Proof of Proposition [9] To begin with, notice that

vi_ s _ (0=20)2p+0)

_ — 21
W wp 8(0' - 0) ) ( )
which is positive under A2. Similarly, comparing outputs, we have
vi_ o« _ (0-20)(2u+0)
— k= 0 22
T T 8(0' — 9)0_ > U, ( )
VI (0 —20)(2n+0)
k= — 0
Yz Tr 8(oc —0)o =Y

which concludes the proof. B

Proof of Corollary Considering equations and , notice that

VI * ( VI

wy' —wp = oz —27), (VI yI

xy ' — ) = —(z3" — 7).
Therefore, to study the impact of 8 on these differences it is enough to compute

O(wyt — wk) _ _0(2u+o0)
06 8(0 — o)

<0,

which yields immediately the result stated in the corollary. B

Proof of Proposition It is immediate to verify that X% = X"/ and that Py = PV!. Now, recall
that U’s profit is the industry profit, which is thus the same pre- and post-merger. By the same token, it
is immediate to verify that consumer surplus is the same pre- and post-merger. H
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Proof of Proposition Solving the first-order conditions associated with D;, Dy and I’s maximiza-
tion problems, and imposing rational expectations, we have

wi(ws, w_i) = oc(2u+0o)(o —07) +2w_i(0? + 0,0y — o (07 + 20y)) — 2w; (302 + 010y — 20 (01 + O)) Vie 19
nemEm 20(40(0c — 0y) — 07(30 — 20y)) ’ T

with (0~ 0r)(o +2 ) — w4 ws)
o—btr)(oc—+ H— W1 — w2 —o(wy + we
X p—
vlwr,w2) 40(o — 0y) — 0;(30 — 200) ’
olo + 2(wy + wy + — 20 (0 + 2
Q?](wl,’wg): ( ( 1 2 lu’)) U( :u)

8d (0 — 0y) — 01(60 — Oy)
U’s profit is therefore

Z Wi (Wi, W—;).

i=1,2

Differentiating with respect to w; yields

o(8u — 07 + 40y — 16w_;) — 8w;(20 — 07) — 207 (4 + Oy — dw_;) N wo; —w; 1

=0, Vi=12.
8(d0 (0 — 0u) — 01(30 — 200)) s Tg=h w=h
Imposing symmetry, it follows
« a (0-01)2u+0)
2 ) 23
wu 4(20 — 01) (23)
Differentiating wy; with respect to 0 yields
a *
wg o(2u+ o) <0
00 4(20 — 67)?
Further, it is immediate that ?9153 =
Substituting the equilibrium fee into the outputs and market price, yields
2u+o)(oc—6r)
X* A X * *\ ( 24
U U(vawU) 8(0' — HU) — 9](60' — 40U)7 ( )
* A * o (0-_01)(0——’_2:“’)
2 = 25
TS ) = o — 1 (3o — 900)) (25)
pr & u+0o)(o —07)(30? + 0,0y — 20(0; + 0y)) (26)
v 2(20 — 01)(40(c — Oy) — 0;(30 — 20y))
pr o o(2u+0o)(o —07)(302 4 20,0y — 20(07 + 20y)) (27)

2(20 — 01)(4o (0 — O0y) — 01 (30 — 26y7))
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Differentiating X7; with respect to 0y and 6y, respectively, yields

0Xy _ (20 — 07)(o —01)(2u + o) >0
00y (4o (0 — 0y) — 01(30 — 201))? ’
oxXy o(o—20p)(2u + o)
90 — 2(4o(o — 6y) — 01(30 — 20p))2
Notice that the %);5 is unambiguously positive as o > ;. Interestingly, the expression for %)gff is

unambiguously positive if and only if 6y > Oy £ /2 and 0; < 6 & 20/3 else it is negative. The

condition 07 < 9~1 ensures that 9~U € [o, éU) is within the relevant parameter space as defined under A3.
Next differentiating 7 with respect to 0y and 07, respectively, yields

oxy olc—0r)2u+o) <0

00y  (4o(o —0y) — 07(30 — 20p))? ’

dx;  (2u+0)(0%(70? + 807 — 160y0) — 001(90% 4 807 — 180y0) + 07(30 — 20y) (0 — Oy))

o0 (20 — 01)%(40(0 — Oy) — 01(30 — 26y))? '
Notice that the % is unambiguously negative since o > 0;. The sign of the expression for g—zz depends

on the sign of the following polynomial
G 2 (0%(70° + 807 — 160y0) — 00 (902 + 807 — 180y0) + 07 (30 — 20p) (0 — Oy)).
The second derivative of G with respect to 0y is

82g 2
— =4(20 — )
g2 ( g 9[) >0

This implies that G is convex in ;. Solving for G = 0 for 6y, yields the two solutions

o(80 = 50; — /802 + 67 — 80;0)
4(20 — 61) ’

o(8c — 50 + \/802 + 9% — 80;0)

o =
v 4(20 — 0;) ’

B &
0 =

with 0 < 9§ < 95. Further, comparing Hﬁ with 9U, we observe that

o (2y/210% + 603 — 22010 + 30, — 65 — | /802 + 67 — 86,0
4(20 — 0r)

04 — 0y = >0 Yo > 6.

Thus, implying that the expression G is always positive since under A3 our relevant parameter range
is restricted to Ay < Oy. Thus, recalling the convexity of G with respect to 6y, we can conclude that
?TZ >0. 1

Proof of Proposition Solving the first-order conditions associated with D1’s, Ds’s and I’s maxi-
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mization problems, and imposing rational expectations, we have

Vi) = o(2u+0)(0 — 01) + 2wy(0? + 0,0y — 001 + 20y)) (28)
o\wz) = 20 (4o (o — Oy) — 07(30 — 20y)) ’

WV (wy) = o(2u+ o)(o — 07) — 2wa (302 + 010y — 20(0; + 0y7)) (29)
2 AT 20(40(0 — Oy) — 01(30 — 20y)) ’
(0 —01)(0 4+ 2p — we) — ows

do(o —0y) — 01(30 — 20y) '
o(o +2(wz + p)) — 20y (0 + 2p)

az}/l(wz) - 80(0‘ — 9(]) — 9](60‘ — ‘9U) ' (31)

X (wo)

Setting ¥/ (ws) = 0 and solving for wy yields the choke price

s 0(0=01)2p+0)

YU 60% + 20,0y — 40 (0 + 0p) 0-

The above choke price is always positive as o > max{6;, 0y }.
The profit of the merged entity U-D; is

PV () ay T (ws) + woay " (ws).
Differentiating with respect to wo and solving the corresponding first-order condition we have

o(2p+0o)(o —07) (602 + 40,0y — (560 + 80y))
440* + 40203, — 4010y 0 (501 + 40y) + 402(507 + 18010y + 467,) — 403(150; + 160y)

wh! &

Solving wgl = 0 with respect to 0y yields a unique solution

)C & o(60 — 507)

U™ 420 —0;)
Further, the slope of %wTIZIbU:eg = —% < 0. Thus, we can conclude that wgl < 0 if and only
if 0y > % and 07 > 20/3. The lower bound on 0 > 20/3 ensures that 85 € (0,8y) which is our

relevant parameter space under A3.

Next, we comparie wy with wgl . Solving wy — wgl = 0 with respect to 07, we obtain the following
three solutions.

+ 29U) 40’(0’ - ‘9U)
oF & QGéL> >0 9Hé7>0
L= O 720 T s 220y
The first and the second solutions are outside the relevant parameter range. The third solution is within

our relevant parameter range when 6y < o/2. Further, notice that the slope of wy — ng ) with respect

to O at this feasible solution is given as

d(wy — wy") 3(30 — 201)2(0 — 200) (24 + o)
— a0, e=ep =~ ype < 0 for y < o/2.
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Thus, we can conclude that wy > wgl .

Finally, comparing wgl with the choke price wy at 0y = 0 yields

(40 —301)(0 — 01)(21 + o)

VI
) 4(30 — 20;) (1102 + 502 — 150;0)

loy=0 =

Thus, even at 8y = 0, Do is not foreclosed.

Proof of Proposition Substituting w} ! into the equations — and the (equilibrium) market
prices, we obtain

JIVI A (2u+0)(0791)(702+3919U70(591+69U))

U T Wt 40207 — 40,000 (50, + 400) + 402(562 + 180,01 + 46%) — 403(150; + 160y’
xVI A (2#+0’)(0’—91)(U(O’+29U)—910U)

2 4404 + 40%0%] — 40[9(]0’(59] + 49U) + 40’2(59% + 1860y + 40%]) — 40’3(159[ + 169[})7
RN (2u+ 0)(7T0% — 2010% + 40y0(201 + 0y) — o*(50; + 140y))

/ =

A40% 1 46202 — 40,0050 + 40) + 402(562 + 180,08y + 462) — 403(150; + 166y’

so that
xVI A (2M+O')(O'—9[)(40(20—6U)—91(50’—29[]))
v 4404 + 49%9% — 49[0(]0(59[ + 49(]) + 402(59% + 18070y + 462U) - 403(159[ + 16(9(]) '
As a result,
pvl s (2N+U)(0_91)(7U2+3919U_0(501+69U))
- 44054 + 49%0[2] — 49[9(]0’(50[ + 49U) + 40’2(59% =+ 189[9[] + 40[2]) — 403(15(9] + 169U)’
PVl o(2u+ o) (70% — 2010% + 40y0(20; + 0y) — o*(50; + 146y))
; =

4404 + 49%0[21 — 40[9(]0’(5(91 + 49U) + 40’2(59% =+ 189[9[] + 49[2]) — 403(15(91 + 169U) '

Comparing the outputs, we note that

VI
vi_.vi_ Wy
1172 1'1 = T

From the above, when w);’ < 0 yields the result that 2§’ — 2}/ > 0. Recall from Proposition @ that

wl! < 0if and only if 6y > 47— and 6; > % . This concludes the proof. M

Proof of Proposition Comparing the fees under vertical integration and under vertical separation,
we obtain

(O’ — 9[)(2” + U)(02 — 070y + 209(])(02 + 070y — O’(29U + 9[))
(440* + 46202 — 40,00 (501 + 40y) + 402(560% + 18010y + 467) — 403(15601 + 1660y)) (20 — 0;)

wyt —wyy =

Solving the above difference with respect to 0y yields two solutions

o? o(oc —0r)
o & ———=
20—01<07 v 20 — 0

oF & — > 0.

39



The first solution is outside the relevant parameter space. The second solution is in our relevant parameter
space. Next, consider the slope of wgl — wy; with respect to 0y at 0y = 9[]}4 , this yields

O(wy! — wpy) (0= 0r)(2p +0)

o = — 0.
a0y =0y 4020 — 05

Thus, we can conclude that wgl —wg; > 0 if and only if Oy < M Similarly, comparing Ds’s output

under vertical integration and under vertical separation ! (wgl ) — ZCQ(’LUU), yields

2 27 v v (02 + 20py0 — 010y) (402 + 20,0 — 3010 — 40y 0) '

()

The expression in the fraction is always positive and thus the sign of 2y — 2% is inverse of the sign of

wgl —wy;. Specifically for the case when wgl —wjp; > 0 holds, we must have ry!T — 2% < 0 and vice-versa.

This concludes the proof. B

Proof of Proposition U’s profit in the vertical separation case is

(0 —01)*Q2u+0)?
8(20 — 01)(4o(c — Oy) — 01(30 — 20y))

wi Xy =

Similarly, the profit of the vertically integrated platform is

PVIGVT L ullal T — 50(2u + 0)*(0 — 01)° ‘
16(110’4 + 9%9(2] - 9[(9U0'(59[ + 49U) + 0'2(5(9% + 18070y + 40[2]) — 0'3(159[ + 169U))

Dividing the profit of the vertically integrated platform with the profit of U under vertical separation
yields

PVig VI —|—wVI yi . 50(20 — 0[)(40‘2 + 2070y — o (307 + 46y))

wi X} — 2((110% + 0202 — 0,0p0(501 + 40y) + 02(50% + 180,01 + 40%) — o3(150; + 160y)))

In the following, we prove that the above profit ratio is greater than 1. For this, we show that the
numerator of the above fraction is unambiguously larger than the denominator. We denote the expression
in the numerator as S = (50(20 — 0;)(40% + 20,0y — 0(30; + 40y))) and denote the expression in the
denominator as 7. Taking the difference of the numerator with the denominator — & — 7 = 0, and
solving for 0 yields the following two solutions.

5 o2 5 o2
9Né—\/>— 0, 225/2__7 <.
US TN T, <% 0 2 2 —6;

We discard the first solution as it is outside the relevant parameter space. The second solution 93 is
positive, however, 93 > éU. Next, considering the slope of S — T with respect to 0y at 0y = 93 yields

IS —T)

— 2
900 ’9U:08 = —2v100(20 — 6;)
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Thus, we show that for all 8y < 03 it must be that S > 7. Recall that the upperbound of 6y as defined

under A3 is lower than 98. Thus, it is immediate that the profit of U under vertical integration is higher
than under vertical separation.
Dy’s profit under vertical separation is

* *\ ok U(2M+0)2(0_91)2
(P — wiy)xy = 16(40(0c — 0y) — 01(30 — 20y))2"

Similarly, the profit of Dy under vertical integration is

o(2u+ 0)% (o — 01)%(c(20y + o) — 0;0)?
16(110* + 62607, — 0;0y0 (501 + 40y) + o2(56% + 18600y + 40%) — 03(150; + 166y7))?”

VI N VI
(Py —wg )1’%/ =

Dividing the profit of Dy under vertical integration with the profit under vertical separation yields the
following expression

(Py! —wyh)ay! (4do(o — b)) — 01(30 — 201))*(0(20y + o) — 0,0)?

(Pf — wiy)xh (110* + 62607, — 0;0p0 (501 + 40y) + o2(50% + 180,60y + 46%) — o3(1501 + 1607))”

In the following, we derive the conditions when the above profit ratio is greater than 1. For this, we
obtain the conditions under which the numerator of the above fraction is unambiguously larger than the
denominator. We denote the expression in the numerator as

Y £ (40(0 = 0u) — 01(30 — 200))*(0(20 + o) — 61600)?,
and denote the expression in the denominator as
Z 2 (110" + 0207 — 010y0(501 + 40y) + o> (507 + 18010y + 46%) — o3(1501 + 166y))>.
Solving Y — Z = Ofor 0y yields the following positive solution within the relevant parameter Spacelﬂ

a o(oc —0r)

QR
v 20 — 01

> 0.

Next, computing the slope of S — T with respect to 0y at Oy = 93, we have

a(S —T)

W‘QUZG[? = 403(20 - 0[)4 > 0.

Hence, for all 6y > 95 it must that ) > Z, so that Dy’s profit under vertical integration is higher than
under vertical separation when 0y > 02(;:7:35).
To show that consumer surplus is higher under vertical integration, it is sufficient to show that ag-

gregate output is higher under vertical integration than under vertical separation. Then, X ‘U/I + :UYI —

24There are 4 possible solutions. For brevity, we discard the negative valued solutions as they are outside the relevant
parameter space. We also discard the positive valued solution that is above the upperbound imposed on 0y under Assumption
A2.
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(X{ + a7) yields

HYI(2u + o) (o — 07)%(100* + 202602, — 200,01 (30; + 40u) + 02 (50% + 200,01 + 862,) — 203(70; + 80y))
4(20 — 01)(110* + 6202 — 0,00 (501 + 46y) + 02(507 + 186,60y + 46%,) — o3(156; + 166y,))

where )
VI &
= ol —00) = 0130 —200)) ~

The sign of the difference in outputs depends on the sign of the term

¢ 2 100" 4 20203, — 20070y (301 + 40y) + 0% (507 + 20010 + 860%,) — 203 (701 + 80r7).
Differentiating with respect to 6, it can be shown that 88741 < 0. Hence, evaluating ¢ at 6; = o we

have
Clo,=o = 02(0% + 203 — 20p0) > 0,

implying that the difference in market outputs is always positive under A3. W
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Online Appendix

In this online Appendix we present further extensions of the analysis developed in the main body
of the paper. Specifically, we show that the results of the baseline model extend to the case of price
competition, the scenario where there are N competing firms downstream and to the case in which the

platform charges positive access prices to consumers and developers.

1 Differentiated price competition model

In order to study price competition we modify the utility function in Singh & Vives| (1984) to account for

cross-side network eﬂectsE] The utility function of the representative buyer is then given by

2
T4
Uy =(1+70% > wi— > 5 ~ Brize = p11 — paa,
=12  i=12

where network effects enter the utility function as a quality shifter — i.e., a component that increases
willingness to pay. Recall that A€ is the expected mass of developers on the ecosystem, the parameter
v > 0 represents the benefit that consumers obtain from interacting with each additional developer on
the platform. The parameter 5 € (0,1), instead, denotes an inverse measure of the degree of product
differentiation — i.e., the higher this parameter, the closer substitutes products. The associated demand

for the two retailers are

1+~A°  pi — Bp— :
xi(Aeapiap—i) - 1 +B - 11 —/82 ! Vi = 1,2

As in the benchmark model, developers are heterogeneous in their outside options k& which is dis-
tributed uniformly on the unit interval and obtain value ¢ on every consumer joining the platform. The
utility of a developer of type k is then

v(-) = ¢ X° — k,

where, as in the baseline model, X¢ £ Zi:l,Q x¢ is the expected total demand, ¢ is the network benefit
enjoyed by developers. Hence, all developers such that £ < A(X¢) = ¢X*¢ join the platform.

The timing of the game is as follows.

1See [Pouyet & Trégouét| (2021) for a model that employs the |[Shubik & Levitan| (2013) utility functions and appends
cross-sided network effects on it.



t =1 U decides whether to merge with Dy.
t =2 U publicly sets the listing fees charged to its downstream unit(s).

t = 3 Sellers sets prices, consumers form expectations on the mass of developers on the platform A€ and
developers form expectations on the mass of consumers on the platform X€. They simultaneously

decide wether to join the platform. Profits materialize and payments are made.

As in the main body of the paper, we use the transformation # £ ¢ to represent the net network
effect.

Al 0 < 12

Imposing rational expectations in stage 3 — i.e., X¢ = X* = Zz’:m i (A%, pi,p—;) and A® = A* =

¢ X* — we obtain the system of direct demand functions

s 1=B =1 =0)p1+(8—-0)ps
(1-=8)(1+5—20)

x (pi, p—i) Vi=1,2.

In the following subsections, we characterize the equilibrium with and without vertical integration and

compare consumer surplus and profits pre- and post-merger.

1.1 Equilibrium under vertical separation

Each firm D; (i = 1,2) solves

maX(pz' - wz‘)ﬂ«"f(pmp—i)a
pi=>0

Differentiating with respect to p; and solving the system of first-order conditions, yields

s 2-B—=P8>=30(1-5)+2wi(1l - 6)* +w_i(1-6)(8—0)
N (2+B8-30)(2—-p5-10)

p; (Wi, w—;) Vi=1,2.
For given w; and wo, the individual demand for each firm D; is therefore

7 (p; (wi, w—;), p=; (w—i, w;))

A} w_i—wi+w_i—wi+2—wi—w_i+2—wi—w_i Vi— 1.9
6\ 1-8 2+48-30" 1+5—20 2-3-0 oo

We can now characterize equilibrium fees under vertical separation. U chooses w; and ws to maximize
its profits

max Z wﬂ??(z?f(wi,w—i)ap§(w—i,wi))~
R

Differentiating with respect to w; and solving the two first-order conditions simultaneously, yields

*
wL—i.

\)



Substituting this value into the prices, individual and aggregate demand yields

* (o k(K Kk (k% 1-90
v = @i wi) P L) = o g e = 5 g)
3—28-06
P = pf(wzaw2)2m>
1-0
U & * *
A N A (EY U cErEr)

1.2 Equilibrium under vertical integration

As in the baseline model, we conjecture (and verify ex-post) that the merged entity U-D; does not
foreclose the rival at equilibrium. In the second stage, the merged entity U — D; and its nonintegrated

rival Dy set prices to maximize their profits. Specifically, U — D; solves

max pi1z](p1,p2) + waxs(p2,p1)
p1>0

TV
Direct sale revenue Wholesale revenue

D>, instead, solves

max(pe2 — wa)x2(p2, P1)-
p2>0

Differentiating with respect to p; and ps and solving the corresponding first-order conditions yields

CL IS P
2+ B — 30) 22-5-6) °

1-8 (2 — 3wa)(1 - B)
“’2<1+2(2+5—39))+ 22-5-0)

pY (w2) £ wy (1— 5

py ! (ws)
Taking the difference between these expressions, it straightforward to show that

Y (n) () = 22020 0

Hence, The associated aggregate and individual demand functions are respectively

2(1 — ) — wa(1 + B — 26)
1+8-20)2—-5-0)

XVI(’LUQ) A

$Y1(w2) = $I(p‘1/[(w2),p¥[(WQ)) = (1 15— ;0;(2 —B— 9) + % (2“‘51_ 30 - 92 _;_ 9) ’
(1—-6)(2+F—30 —2wa(1+p—26))
2+B-30)(1+B-20)(2—B-0)

ay(we) 2 (XY pY (we),pY ! (w2)) =



Taking the difference between U-D1’s an Ds’s output, we have

w2

2+B—39>0'

ay T (we) — 2 (ws) =

Furthermore, it directly follows that =}/ (ws) > 0 if and only if

A 2+5-30
S 2(1+8-20)°

wo < W

That is, full foreclosure occurs if and only if wo > w.
Moving backward to the contracting stage, U maximizes the sum of D;’s direct sales profit and the

revenue collected from Dy — i.e.,

%%Xpyl(wz)xyl(wz) +woy .

The first-order condition with respect to wsy yields

via 2HB-30)(4—B2-B)-302-0)
Y2 T 01— 0) (8 + B2 —20(3+ B) +967) ¥

Then, taking the difference between the equilibrium fee and the above choke price yields

(2+5—39)< 1 41— (2-B)B+3(2—0)8 )0
2 B-204+1 (1-6) (2 _20818)0+902+8)) "

Wy —w = —

This result shows that under price competition with differentiated products, foreclosure of a rival post-
merger is never a concern. Equilibrium prices, individual demands and profit of the platform are, respec-

tively,

vi _ (B—=30+2)(4—-3—30)
2(82—2(8+8)0+902+8)’
VI 1<1+1—5 4(1-p)(1 - 0) >

b2 = 35

2 1—60 B2—2(3+8)0+90%+38
! 6\1+8—-20 1—0 2 —2B+8)0+902+8)"
VI B2 —2(8+2)0 +36% +2
2 (B—20+1) (B2 —2(8+8)0 +962 +8)’
1 8 9 4(28 — 90 +7)
o - L _ Y.
v 36(,8—29+1+1—0 62—2([3’+8)0+902+8>> L

Comparing the platform’s profit pre- and post-merger, we have

(1—B)(8+4B+ 8% — 0(28 + B(8 + 3B)) + 6%(32 + 78) — 136°)
414+ —-20)(1—0)(2—8—0)(8+ 52— 160 — 230 + 962)

Iy — 10 = >0,



showing that the merger is always profitable.

Consumer surplus. We can now study the impact of the merger on consumer surplus. Substituting

the equilibrium values into the representative consumer’s utility function, CS under vertical separation is

(B+1)(0 —1)°
AB—20+1)2(B+0—2)*

U 2 U(eXT, 0,0, 2L, 2]) =
Under vertical integration, instead, we have

vt & U(@X Y (wy ), py T (wy ), py (w2t T (wy ), 2y (wy 1)
1( 72(5+1) . 40(8+1) L8 3B )
648 \(B—20+1)2  (1-p)(B—-20+1) (0—-1)2 (1-p5)(1-0)
1 (716 5362 — 27368(1 — 0) — 1800 144(1 — B)(B(B — 90 +9) — 1)>
648 \ (1—B) (B2 —2(B+8)0 + 962 +8) (B2 —2(B+8)0+902+8)* )

Comparing these expressions, we have

sovi e 1 [ 54(B+1) 16(8 + 1) 81 348 12(8+1)
AU Sut UL_648<(5—29+1)2 A -20+1) (-1 (6—1)(9—1)+(1—5)(2—B—9)>
1 < 18(8+1) 716 — 53682 + 27368(0 — 1) — 1800 144(1—6)(1—/3(ﬁ—99+9))>

648\ (2—8-0)2 " (1-B)(B2—2(B+8)0+902+8) (32— 2(8+8)0+96% +8)°

In the next figure, we plot this difference in the the relevant space for (0, 3) to show that the above utility
difference is always positive.

The figure is equivalent to a proof given the restrictions on 6 and £.

2 N downstream firms

We now modify the baseline model by assuming that there are N downstream firms (each denoted by Dj,
with ¢ = 1,.., N) to whom U supplies its input. For simplicity, let us consider linear fees as in the baseline
model. Following the same methodology of Katz & Shapiro (1985), it can be shown that the (inverse)

demand function is

P(X, X%) 2 max {0, + o +0X“ - oX}

where, as in the baseline model,
N
X = E T,
i=1

denotes aggregate output, and



0.5

1.0

0.6

0.4 AU
0.2

0.0
0.0

0.2
0.4

0

Figure 1: Utility difference in the vertical integration case with the vertical separation case: AU £
UVt - Uy

denotes the aggregate output that consumers expect downstream firms to distribute.

2.1 Equilibrium under vertical separation

For given wholesale prices w;, each downstream firm D; (i = 1,.., N) solves

max (P (X¢ X) —w;) z;.
x; >0

Differentiating with respect to x; yields the following system of N first order conditions
o N
M+§+0Xe—0'z;(Ei—wi—O'xi:O Vi=1,.,N.
1=

Summing up these N FOCs and imposing rational expectations, yields the industry output — i.e.,

. R N(u+%)—(2fi1wi)
X i) £ 3 i =

Hence,




and

* A * « o N(N+ %) - (Zf\;1 wi)
PHO) &P (W) X0 W) =t § = (0= 0) | ———p =

Under linear wholesale prices and vertical separation, U’s maximization problem is

max Ewl (wi, w—;) .

Differentiating with respect to w;, we have

8$ w w—zv wz)
* i, W . .
xy (Wi, w_;) + w;————= E wJ S , Vj#i=1,.N. (1)
J# .
Margin + Volume effects Strategic Effect (4)

Computing the derivative of quantities with respect to w; yields

* OP(X* (1), X*())
07 () _ Du; L ovisLN
(9’11)7; o PRES] )
O (. OP(X*().X* ()

A T Vi,j=1,.,N, j#i.
ow; o

Substituting these expressions into and simplifying after imposing symmetry, we get

2u 4 o — 4w* o+2u
:O — o = .
2(N(o —0) + o) WL 4

Substituting w7 in the expression for aggregate output, we get

NQ2u+ o)

X = 4N(oc—0)+o0)

Then
* O (2M + U)
"~ 4(N(oc—0)+0)

and the associated market price is

Pyt _(0-0)X;.



2.2 Equilibrium under vertical integration

We now consider the case in which U and D; merge. In the second period, for given fee w; offered by
U-Di to Dj (j € 2,..,N), the merged entity solves

N
max P (X¢ X)x1 + E W;x g,
2120 oo — —
Direct sal =
irect sales

wholesale revenue

which consists of the profit earned through the direct sales channel and the wholesale revenue.
By contrast, D; (j = 2,..,N) solves
max (P (X¢, X) —wj) z;.
z;
Differentiating U-D1’s profit and D;’s profit with respect to x1 and each z;, respectively, yields the

following system of N equations
P() - O-':UYI =0,

P()—wj—ocxyT=0 Vj=2,.,N.

As before, summing the above N first order conditions while imposing rational expectations yields the

aggregate output — i.e.,

N N
Nt ) -5
X (wy, . owy) 2> @) (wy, . wy) = 2 =2
(’LUQ, ,’UJN) g Z; (’UJQ, ,'UJN) N(U—9)+O'

Further, substituting X"/ (-) in the market price yields

o
pvi (wa,..,wy) = P (XVI(wg, ..,wN),XVI(wQ, ..,wN)) =pu+ 5 (o —0) XVI(wg, cy WN)-

Hence,

PVI w, .., WN
xYI(wg,..,wN)é ( 0'7 ’ >,

and

1'}/](11)2, W)

é PVI (wg, ooy wN) — wj
o

It is immediate that ! (ws, .., wy) > x}/f(wg, W WN).
VI

Further, for given wy with k # j, we solve T (w2, .,Wj,.,wn) = 0 to obtain the choke wholesale price

given as
L Olo+2p) +2(0 — 0) Y30 wy

w; = fork#j€2,..,N. 2
U]] N(U—9)+U or #]E PR ()

Hence, exclusion of firm j occurs if and only if w; > w;.



Moving backward to the contracting stage, U maximizes the sum of D1’s direct sales profit and the

wholesale revenue collected from D; — i.e.,

N
L0AX PY(wy, .., wy)zy T (wy, .., wy) + ijx}/l (wa, .., wN) .
Sale profit J=2

Wholesale revenue

Differentiating with respect to w; (j =2,..,N) by the Envelope Theorem, we obtain

PO g, OF 01 () [ vr () N 220
. 258 P Vo, (3
9Xxe awj L1 ( ) t v Z aw] ‘Tj ( ) + kZ_ka‘ aw] ( )
Network externalities (~) Strategic effect (+) Marginal whol(;;ale revenue (7?)

Taking the derivative of outputs with respect to w;, we get

OPVI(.)
VI, ,
9z1” () = O , Vi=2,.,N
3’u)j g
\Z4
ozVI (. or () _ 4
Do O _ om0 g N
awj g
OPVI(.)
VI, .
81:19 () _ dw; Vj 7& k.
3’u)j g

Substituting these comparative statics into equation (3)) and simplifying under the hypothesis of symmetry
of the non-integrated firms — i.e., w}” = w"! for every j =2,.., N — yields
via 0Qu+0o)(N +3)o—0(N +2))

4(02 —0(N +3)o+ (N +3)02)

Substituting w} ! into equation , we get the (symmetric) choke price as

vy 0(2u+0) (62 (N?—2) +0(4 — N(2N +3))o + N(N +3)0?)
v A(No— (N — 1)) (62— 0(N +3)o + (N + 3)02)

VI

Taking the difference between w"’! and W'/, we get

W VT — _ 0o (2p+o)(N(o —0) +0) <0
4(No —0(N —1)) (@ —0(N +3)o + (N £ 3)02) ~

The above expression is negative for all ¢ > 6 > 0. Hence, even with N downstream firms U has no

incentive to foreclose.



It then follows that
(2u+o)((N +3)o — 20)

XVIé
10— 0N +3)0 + (N +3)02)

The equilibrium post-merger market price is

Pwéu—kg—(a—G) <4(9

(2u+o)((N +3)o — 20) >
5 :

2_9(N +3)o + (N + 3)02)

Competitive and welfare effects. We are now in the position of assessing the competitive and welfare
effects of the merger.

U’s pre-merger profit is
* A N(2u + ‘7>2
16(N(c —0)+ o)

T
U’s post-merger profit is, instead,

VI a (N +3)0(2u+0)°
16(62 — (N +3)o + (N + 3)02)’

™

Taking the difference of post-merger profit with pre-merger profit levels, we get

Vi . (2 + 0)2 ((N + 3)02 - 02N)
T 7T T A6((N + 1)o — ON) (62 — O(N + 3)o + (N + 3)02)’

which is positive for all ¢ > 6 > 0.

Moreover,
(2p+0) (0(30 —20) + N (8 — 0)?)
4((N +1)oc —6ON) (62 — (N + 3)o + (N + 3)0?)

which is positive for all o > 6 > 0.

XVI*X* —

> 0,
Next, since in a Cournot model with linear demand the expression for consumer surplus is C'S () =
X?2/2. Therefore, the merger benefits consumers.

Remark on developers. As discussed in the benchmark model, our model can be interpreted as a two-
sided industry with indirect network externalities where developers hold expectations about consumers
and vice-versa. Hence, the mass of active developers in the vertical separation case and in the vertical
integration case is then given as A* £ ¢X* and AV £ XV with

AVI—A*:(b(XVI—X*) > O7
since XV! > X*. In the following, we detail how N impacts mass of developers in each regime.

Proposition 1 In both regimes, the mass of active developers increases with the number of sellers —

10



. * \Z}
i.e., % >0 and % > (0. Moreover,

o (AVI _ A*)

ON < 0.

Proof. Differentiating A% and AY! with respect to N, we get

oA* o(2u+ o)
N = CIN -0 o2 "
oAVT s 0o(20 — 0)(2u + o)
ON  T4(62 - 0(N +3)o + (N + 3)02)?

Moreover, taking the difference we have

oAV A ¢o (0 —0) (o +2u)x(N,o,0)
ON  ON  4(62—0(N +3)o + (N +3)02)* (N(o — 0) + 0)?

where

%(N,0,0) 2 N?0° - N?¢>+6° - 90° — 6No*
+1100?% — 56%0 + 3N?00% — 3N?6%0 + 10Nbo? — 4N6?0,

. . . . . VI *
which is decreasing in N and negative at N = 2. Hence, %AN < %%v .

As the number N of sellers increases, consumers and developers expect fiercer competition, increasing

their expectations of the ecosystem’s size. This increases the value for the ecosystem for both developers
and consumers, and thus, their participation of developers increases. Interestingly, although an increase in
the number of sellers tends to spur developers in both regimes, it does more so under vertical separation —
i.e., aggregate output rises faster with N under vertical separation than vertical integration. The reason
is that since the aggregate output is lower under vertical separation than vertical integration and outputs
are strategic substitutes, an entrant can produce more when its rivals produce relatively less. Hence, the
impact of an additional competitor in the downstream market is stronger under vertical separation than
vertical integration. This means that the difference between the mass of developers pre- and post-merger

falls as the number of sellers rises.

3 Participation fee to developers

In this section, we introduce an access price for developers — i.e., in the two-sided market version of the
model, we allow the platform to charge a fee to each developer that joins it.

As in the benchmark model, the demand side features network externalities and is modeled a la [Katz
& Shapiro| (1985)).

11



The inverse demand function is therefore
P(A® X) & maX{O,,u+ % + yA° faX}.
The utility of a developer of type k is
v(k) =X —1—k

where ¢ is the benefit that developers obtain from interacting with every additional consumer, X°€ is the
total mass of expected consumers on the platform and [ is the fee charged by the platform for developers
joining its ecosystem. Developers affiliate with the platform only if they obtain positive value from doing
so. Therefore, the mass of developers affiliating with the platform is A(X€, 1) = ¢X¢ — .

The timing of the game is as in the baseline model, with the only caveat that when U sets contracts

for sellers it also sets the fee to developers. As in the baseline model, we make the following assumption.

A2 max{v,¢} <o <1.

3.1 Equilibrium under vertical separation

For given wy, we and [, seller D; (i = 1,2) solves

max (P (A® X) — w;) x;.

x; >0

Differentiating with respect to xz;, and imposing rational expectations — i.e., A® = A* = ¢X* — [ and

X°¢ = X*— it is easy to show that sellers’ first-order conditions imply

1 = . . =2 2 l_
() & (M SR ) i

2
2n+0—> 1w — 271
X* (wl7w27 l) é Zl’: (whw*iv l) = — )
prt 30 — 2v¢

A*(wwa:l) é ¢X*(w17w27l) _l7
and

P* (w1, ws,1) & P(A* (wi,ws, 1), X* (w1, ws,1)) = p + % + YA (w1, we, ) — o X* (wy,we, ).

We can now turn to characterize equilibrium fees under vertical separation. U solves

max [A*(wy,ws,l) + g w;x; (wi, w_;,1).
W1, Wl N — e’ i=1.2
Developer revenue 0

Wholesale revenue

12



Differentiating with respect to w; and [, we have

OA* (wq, wa, oxr (w;, w_;, 1 ox* . (w_;, w; )
l—( w2, ) + (wi,w_i)—i—wi—l( is Wi ) +w_i—l( i» i) =0 Vi=1,2.
awi 8wz~ 8wi
Volume effect on the developer side (—) Margin + Volume effects on the consumer side Strategic Effect (+)
and
OA* (w1, wa, (wi, w_g,1
l—( 8l, ’ ) + A*(wl,wg,l) + Z wz v b ) =0.
—_————
i=1,2

Margin effect on the developers side (+)

Volume effect on the developer side (—) Volume effect on the consumer side (—)

The above first-order conditions reflect the impact of higher fees (w1, wy and [) on U’s profit. There
is a trade-off between upstream margins and downstream volumes, and the impact of the fee under
consideration (either w; or [) on the other side of the market. For given D;’s output, a higher w; increases
the revenue earned by U on each unit of sale made by D;. At the same time, by increasing w;, U exerts
downward pressure on D;’s output, thereby reducing its revenue. In addition to these two effects, by
increasing w;, U also positively impacts D_;’s demand because outputs are strategic substitutes and
contracts are public, thereby increasing the fee that U collects from D_;. Finally, because of indirect
network externalities there is an additional negative effect triggered by an increase of w;. Specifically, a
higher w; lowers developers’ demand as they expect less consumer participation on the platform: a cross-
side effect. By the same token, when considering the derivative of the platform’s profit with respect to [,
we observe that apart from the standard margin and volume effect, there is also an impact on consumer
participation. Specifically, an increase in [ lowers consumer participation on the platform as they expect
lower developer participation.

Solving the above conditions we obtain the equilibrium fee charged to sellers and developers under

vertical separation — i.e.,

v s 2n+0)30—¢(y+9)) pa (0-7)C2uto)
2(60—(v+¢)?) 2(60 — (v +¢)*)

The equilibrium output, the mass of developers that joins the platform and the market price are, respec-

tively,

N 2u+o Ara Cpto)v+9) e 2pto) (4o —o(y +9¢))
2(60 — (v+¢)%)’ 2(60 — (v+¢)%)’ 260 —(v+¢)%)

The equilibrium profit of the platform is

(2u+0)?

Qwra* + IFA* £ ,
4 (60 — (v +¢)?)

which is increasing in both consumer and developer network benefits — i.e., v and ¢.

13



3.2 Equilibrium under vertical integration

The merged entity U-D; solves

max P (A®, X)x; + WL + IAXSD)
L R e N——
Direct sales Wholesale revenue  Developer revenue

which is the sum of the profit made through the direct sales channel (i.e., the integrated unit), the revenue
collected from the independent seller Do and the fees collected from developers. The non-integrated seller

D5 solves
max (P (A®, X) — ws) z2.

x2>0

Differentiating with respect to x1 and xo, respectively, and imposing rational expectations — i.e., X¢ =
XV = dim12 zVT and A® = A*(XV! 1)— it is easy to show that under vertical integration

2wa(oc —v¢) +o(2u+ o) — 2lvyo

xYI(U)Qv l) £

20(30 — 2v¢) ’
VI s 0Q2u+0)—2wi(20 —v¢) — 2o
7 () = 20(30 — 279) )

A (wo, 1) 2 ¢z (wa, 1) + 2¥ (wy, 1)) — L.

From the above it is immediate that )/ (wg,1) > 2¥ ! (ws,1). Further, the output of the integrated entity
rises in the fee charged to the non-integrated rival while Ds’s output falls as the fee rises.
Finally, notice that ¥ (wg,1) > 0 if and only if

s 0Q2u+ o —2ly)

=0 e e

which, as expected, is decreasing in | — i.e., the high [, the lower the mass of developers and the less
worthwhile is to keep the non-integrated rival alive.
In an interior solution, aggregate output, market price and developer demand is given as
2u+ 0 —wy — 2y
XV (wq,1) 2 zy T (wa, 1) = ,

P (wy, 1) 2 P (A (wy, 1), XV (wy, 1)) :u+%—(a—’y¢)XVI(w2,l),

AV (wo, 1) 2 ¢ XV (wo, 1) — 1,

Moving to the contracting stage, U solves

max PV (wa, )2y T (wa, 1) + woxy? (wo,1) + 1AV (wy,1) .
—_———

wa,l

Direct sale profit Wholesale revenue  Developer revenue

14



Differentiating with respect to wo and [, by the Envelope Theorem, we obtain

oxy' ()] |, 9P () 0xy " ()
VI 2 VI 2

oo (1) +w + (- +
2 ey ox "1 g,
Marginal downstream revenue Strategic effect (+)

OP () OA() OXVI () vy l@A(-)@XW(-)
oA 0xc  awy U1 Ot xe —ou,

Network externalities (—) Cross-side effect (—)

=0,

and

<w28x¥f (), PO i 0! ) 22280 OX"I() v

ol ox ol 0Ac 9Xe 0l
Cross-side effect (?) Network externalities (—)
OA() XV () A
VI, oxX"" ()  0A _
A ()H(axe o Tan 0.

Volume + margin effects on the developers’ side (?)

Solving the above first-order conditions simultaneously, yields the equilibrium contract that U-D; offers

to Do and the fee charged to developer

ZN (2u+0)(50 — (27 + ¢)) <o VI— (2u+0)(50(¢ — 7) — 2v¢*)
200 — 572 — 10v¢ — 2 —

© 20(200 — 572 — 10v¢ — ¢2)
In this equilibrium, individual outputs are

LV 2 (v +9)(2n+0) Vi a 2t 0)(100 — ¢(3y +¢))
2 7 20(200 =572 — 1070 — ¢2) 1 T 20(200 — 572 — 10y — ¢2)’

Hence, foreclosure occurs only when there are no network effects — i.e., ¢ = 0. For every ¢ > 0, U-D;
has no incentive to foreclose Ds.
The merged entity U-D; has no incentive to fully foreclose its rival when network effects are in place

—i.e., w‘L/] < w for every positive, even negligible, ¢. The remaining equilibrium outcomes are

xVI A (2u + o) (50 — 79) AVI & 5(v + )2+ o)
(200 — 5v* = 107¢ — ¢?)’ 2(200 — 572 — 107¢ — ¢2)

and
pvi a (2u+0)(100 — $(3y + ¢))

2(200 — 572 — 10v¢p — ¢2)

Competitive and welfare effects. We can now assess the effects of the merger. First, recalling that

15



consumer surplus is increasing in the aggregate output, we can show that

(21 + 0) (1002 + 43¢ + 27%¢? — 6709 + 7¢° — 40¢?)

VI y* _
e ) e NG T P =) § (P SV o) B

which is always positive since ¢ > max {7, ¢}. Hence, consumers benefit from vertical integration.

Next, consider developer surplus. Under vertical separation, developers obtain

(v +¢)?(2u + 0)?
8 (60 — (v + ¢)2)*’

¢X*—l*
DS* £ / (6X* — I* — k)dk =
0

while under vertical integration they obtain

pXVI—VI 2 2
DSVI L / (¢XVI _lVI —k)dki — 25(7+¢) (2,&—{—0’) 5
0 8 (200 — 572 — 107¢ — ¢?)

Comparing these expressions, we have

(v + )22+ 0)? (50 — 2¢°) (2502 — 52 — 107 — 3¢?)

DSV — DS* = : -
2(200 — 5% = 107¢ — ¢?)" (60 — (v + ¢)?)

> 0.

Since o > max {7, ¢}, this difference is always positive. Hence, developers also benefit from the merger.

4 Participation fee to consumers

Finally, we modify the baseline model by allowing U to charge a participation fee (hereafter denoted by
T') to consumers that buy from a seller operating within its network. The rest of the assumptions are as
in the baseline model with the only caveat that in the second stage U also sets T' (as seen above).

The expected utility of a consumer of type r buying from D; is
w(XP)E2r+0X—P, T, i=1,2.

Under the above specification, D; and Dy have positive demand only if the following ‘no arbitrage con-
dition’ holds
P —0X°+T=P,—0X“+T.

As a result, it must be P = P, = P. Consumers, therefore, patronize either Dy or Ds if and only if

r>r*2P—-0X°+T.
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The total demand for the product distributed within U’s network is

CPHT—0X°— (- %)

9

X(PT,X)21—-Prfr<r*=1

o
whose inverse is

P(X¢, X,T) émax{o,u+%+exe—T—ax}.

It is immediate to see that the fee T' charged to consumers reduces their willingness to pay. Therefore, as
we will argue below, its effect will be equivalent to an increase in X (i.e., as reflected by a reduction of

the fees charged to the sellers).

4.1 Equilibrium under vertical separation

For given w; and way, D; (i = 1,2) solves

max (P (X¢ X, T) — w;) z;.
x; >0
Differentiating with respect to x; (holding X¢ constant) and then imposing rational expectations — i.e.,
X* = X¢ — it is easy to show that sellers’ first-order conditions imply
s 2w_i(0—0) —2w;(20 —0) +0c(2u+o0) —2T0

B ) —ivT = ) v‘:1727
2 (wi,w—i, T) 20(30 — 20) !

2
X* (wr,wy, T) 2 fo (wi, w_, T) = r 2i=12 "
i=1

30 — 20

and

P* (wy,wa, T) 2 P (X* (wi,ws), X* (wi,ws, T)) = pu + % T — (0 —0) X* (wr,ws).

Moving backward to the contracting stage, U chooses wi, we and T to maximize

* *
max E wixy (wi,w_;, T) + TX* (w1, ws,T)
wy,we,T s N—
=4 Consumers’ participation fees

vV
Wholesale revenue

Differentiating with respect to w;, we have

ozt (wi,w_;, T) Ox*; (w—s, w;,T) OX*(wi,we, T) ,
o} (wi, w—, T) + wi———F—"— + w_j—— + T — =0, Vi=1,2,
8w,~ 8101' 8wi
Margin + volume + strategic effects on the wholesale revenue (?7) Effect on participation fees (—)

which simply reflects the negative impact of the sellers’ fees on the direct revenue made by the platform

on its customer base, over and above the effects identified in the baseline model.
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Differentiating with respect to T', we have

oz} (wi,w—;,T) OX™* (w1, ws, T) )
; ’ ’ X* T T et = =1,2.
1,2132 (s oT + (w1> w2, ) + oT Oa Vi ;

Margin + volume effects on participation fees (?)

Wholesale volume effect (—)

As expected, a higher T has an indirect effect on U’s wholesale revenue since it reduces the individual
output of each seller, but it also impacts the participation fees collected by the platform directly from
consumers.

Solving the above first-order conditions, the following holds.

Proposition 2 With linear contracts and vertical separation, there is a continuum of equilibria — 1.e.,
every pair T* and w* is optimal as long as
2u+o

T* *: .
+w 1

All these equilibria are equivalent in terms of individual and aggregate output — i.e.,

A 2u+o X* A 2u+o

4(30 — 26)’ ~ 2(30 —20)°
The multiplicity of equilibria can be easily understood: U can extract surplus from consumers either
by increasing T and gain on the participation fees, or by increasing w; and wy so to extract a higher
wholesale revenue. In a symmetric equilibrium, these instruments have the same marginal benefit as
this benefit is equal to the aggregate output, and the same marginal cost since from the expression of

X* (wy,wy,T) it is easy to see that T" and w; have the same marginal impact on aggregate output.

4.2 Equilibrium under vertical integration

Under vertical integration, the merged entity U-D; solves

max P (X¢ X, T)x1 + Wo X9 + TX
z1>0 ;,L ~—— ~~ ’
Direct sale revenue ~ Wholesale revenue ~ Consumers’ fees

D5 solves
max (P (X X, T) — wa) z2.

x2>0

Differentiating with respect to x1 and xo, respectively, and imposing rational expectations — i.e., X¢ =
> i_1o2) T — it can be shown that

s 2(we+T)(0—0)+0o(2u+0) VI
— > x2
20(30 — 20)

x}/I(w% T)

(wq, T) = max {07 o(2u+ o) —2(wz +T)(20 — 0) } '

20(30 — 26)
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In an interior solution, aggregate output is

20+ 0 —we —T
30 — 20 ’

XVI(w27T) £ Z ZL‘}/I(WQ,T) =
i=1,2

and the market price is

20+ 0 — wo

PVT (ws, T) 2 P (XY (ws, T), XV (ws, T),T) = p+ 2 — (0 — 6) T
P

2

Moving backward to stage t = 2, the platform solves

max PVI(wg, T).I'YI('UJQ, T)+ wzmgf (we,T) + TXVI('UJQ, T).

wa, T

Differentiating with respect to ws, by the Envelope Theorem, we obtain

0xy ' ()] L OP() yr 0y’ ()  OP()OXVI() vy 7073 (wa, T)
2 x

VI
Ty () tw xy( )+ =0.
2 ) Ows ax 1 90y oxXe  owy 1 U Ows
~—— —
Marginal wholesale revenue Strategic effect (+) Network externalities (—) Effect on participation fees (—)

The intuition for this condition is, mutatis mutandis, similar to that discussed in the vertical separation
case, and will be omitted for brevity.

Differentiating with respect to T', by the Envelope Theorem, we obtain

OP()  oP()0xy! () yr.y , OP()OXVI() vy oxy ()
<8T Tox or ) Ot axe _ar Ut wop
N—— —m

Network externalities (—) Effect on wholesale revenue

Margin effect on direct sales (?)
1

02y (ws, T)
orT

Margin and volume effects on participation fees (7)

+ XV (we, T) +T = 0.

The access fee charged to consumers has a volume and a margin effect on the revenue collected by the
platform from its final users, and indirect effects on the wholesale and the direct sale revenues. The

following then holds:

Proposition 3 Under vertical integration, there is a continuum of equilibria — i.e., every pair TV and

w"! is optimal as long as

Oo (30 — 20)(2u + o)
4(20 — 6) (62 + 50 (0 — 0))

()

VI 4wV 2 @ — <w, V0el0,0].
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These equilibria are equivalent for what concerns individual and aggregate output — i.e.,

VT2 0(2u+0) LV A (24 + 0)(50 — 36)
2 402 +50(0—0)) Tt 402 +50 (0 —0))

s (o —20)(2u+0)
X @ 50 0—0)

Moreover, U-D1 has no incentive to foreclose Do for every 6 > 0.

The intuition behind the multiplicity of equilibria is as in the case of vertical separation and hinges
on the substitutability between T" and ws. Notice that individual and aggregate outputs in both regimes
— i.e., with and without vertical integration — are as in the benchmark model. Hence, the competitive

and welfare effects of the merger are identical to the ones discussed in the benchmark model with T" = 0.
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