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Abstract

This paper examines a supplier’s incentive to foreclose non-integrated retailers in markets featuring

network effects. Regardless of whether vertical contracts require a fixed fee or they feature a unit

input (wholesale) price, we find that the vertically integrated supplier has no incentive to foreclose the

non-integrated retailers fully. Furthermore, the non-integrated retailers’ participation in the market

rises as network effects gain importance. While vertical integration is profitable and benefits consumers

when the supplier offers linear wholesale contracts, vertical integration is profit and consumer surplus

neutral under two-part tariffs. Interestingly, in presence of an incumbent ecosystem, when network

externalities are large, the integrated supplier finds it profitable to subsidize the non-integrated retailer

(i.e., to offer negative wholesale price) to strategically steer demand away from the incumbent.
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1 Introduction

A large share of the products that people consume today is purchased on the internet. Among these

products, many require users to subscribe to online services before enjoying their benefits entirely — e.g.,

access to user manuals, collaboration tools, web communities and newsletters, as well as subscription to

online assistance, software upgrades, etc. In short, they feature network externalities — i.e., the individual

benefits that these goods and services produce increase with the number of people who consume similar

or compatible products.

Firms producing such products have gradually transformed into indispensable networks that aggregate

large numbers of buyers and sellers (the so-called ‘user base’), thereby exploiting complementarities and

ecosystem effects that traditional sectors cannot factorize.1 Such aggregative role of platforms is often

seen as the bright side of the digital era. Yet, network externalities typically favor the emergence of

dominant focal networks (see, e.g., Halaburda et al. (2020), Jullien & Sand-Zantman (2020)). Examples

of such platforms include Google in the search engine market, Facebook in the social media platform

market, and Amazon in the online marketplace, among many others.

The growing influence of these tech giants poses new policy and intellectual hurdles. In particular,

understanding how network externalities affect the conduct of such platforms, the performance of the

industries in which they operate, and consumer welfare are questions of paramount importance to design

a well-grounded regulatory architecture for the digital sector.

The economic literature has largely recognized the crucial policy relevance of network externalities.

Stemming from Katz & Shapiro (1985), many models have explored 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), the welfare consequences of targeted advertising in online markets (see, e.g., Bergemann

& Bonatti (2011), Bergemann & Bonatti (2015), Hoffmann et al. (2020)), agglomeration vs segmentation

in platform markets (see, e.g., Biglaiser et al. (2019), and Karle et al. (2020)), information acquisition,

information sharing and market design (see, e.g., Bergemann et al. (2021), Bergemann et al. (2018),

Bergemann & Bonatti (2019), Padilla, Piccolo & Vasconcelos (2020), Padilla, Piccolo & Vasconcelos

(2021), among others), etc.

However, existing models in this literature have often overlooked the competitive and welfare effects

of vertical integration in markets featuring network effects. Notwithstanding, the last few years have

witnessed prominent waves of mergers by network providers.2 These mergers had attracted considerable

antitrust attention, especially when the integrating platforms held a dominant position in their markets.

The main concern is that post-merger, a platform may use its gatekeeper role to disadvantage the rivals

hosted within its network.

1See Cremer et al. (2019), Competition policy for the digital era.
2See Argentesi et al. (2019) and Gautier & Lamesch (2020) for a detailed discussion on mergers in digital markets.
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While being reasonable in principle, it should be acknowledged that this concern is based on the

traditional foreclosure logic (see, e.g., Ordover et al. (1990)) that abstracts from the presence of network

externalities. To what extent is vertical foreclosure still a concern in markets where network effects play an

important role? Do consumers in these markets prefer integrated networks over decentralized ones? What

is the impact of network externalities on the competitive and welfare consequences of vertical integration

in an environment with competing ecosystems?

We consider a platform (supplier) providing an essential input (or, equivalently, the right to access

its network) to multiple retailers competing à la Cournot in an environment where the demand function

features network externalities à la Katz & Shapiro (1985) — i.e., its intercept positively depends on

the consumers’ expectation about the network’s aggregate output. In contrast to the existing vertical

contracting models, we assume that each consumer’s utility derives from consumption of the good increases

with the number of other people consuming the same good (or participating in the same network). Within

this framework, we examine the platform’s incentives to vertically integrate with one retailer and foreclose

the non-integrated (independent) retailers. Following the industry practice in many digital markets, we

assume public contracts and consider both linear wholesale contracts and two-part tariffs.3

Our objective is twofold. First, we study the link between a supplier’s post-merger incentive to

foreclose rivals and the extent of network externalities. Second, we are interested in assessing the impact

of vertical integration on consumer surplus and how network effects shape this relationship.

We find that, regardless of whether vertical (listing) contracts require a fixed fee or they only feature

a linear wholesale price, the vertically integrated supplier has no incentive to fully foreclose the non-

integrated retailers as long as there are positive (even small) network effects. Moreover, we also find that

the incentive to marginalize rivals falls with the extent of these effects — i.e., the market participation

(output) of each independent retailer increases with the degree of network externalities. The standard

foreclosure logic fails because, by not fully excluding rivals, the integrated platform can impact the

consumer’s expectations regarding the network size, thereby fostering their willingness to pay and the

overall network’s size. In other words, the vertically integrated platform anticipates that if consumers

observe an excessively high wholesale (or listing) price that marginalizes the rivals’ output, they will revise

beliefs on the network output downward at the expense of the platform itself who will experience a loss

of business both on its direct and indirect distribution channel.

Furthermore, we also show that while vertical integration is profitable and benefits consumers with

linear wholesale contracts, it is profit and consumer surplus (CS) neutral when the supplier offers two-

part tariffs. The reason why under linear wholesale contracts, the merger is profitable is standard: it

mitigates double marginalization by enabling the integrated retailer to operate at zero input cost. And,

for the same reason, the merger also unambiguously benefits consumers. Both these positive effects

magnify as network externalities become stronger. When consumers are relatively more willing to pay

3Public contracts capture the idea that in many digital industries, such as the e-commerce, hardware devices, payment
systems, health services etc, listing contracts are long term and are hard to change or renegotiate (see, e.g., Karle et al.
(2020)).
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for products with larger network size, the supplier has a stronger incentive to reduce wholesale prices

to increase demand. Clearly, vertical integration magnifies such an incentive because the platform faces

less double marginalization given that the integrated retailer operates at marginal cost. In this sense,

our model suggests that vertical integration can be interpreted as a commitment device that platforms

use to convince potential customers (e.g., by announcing listing or wholesale contracts more favorable to

third-party retailers) that its network will be large and compelling.

The neutrality result arising under two-part tariffs can also be easily understood. Even if the supplier

does not integrate, it fully internalizes downstream profits via the fixed fee and controls the retailers’

output decisions by setting appropriate wholesale prices (recall that with public contracts, there is no

opportunism problem à la Hart et al. (1990)). As a result, a vertically separated supplier can always

replicate the outcome of a vertically integrated one and vice-versa — i.e., the merger is neutral from the

supplier’s point of view. As a result, since aggregate output must be the same with and without vertical

integration, consumers are indifferent too — i.e., the merger is also CS neutral.

Building on these insights, we then extend the model to consider an environment in which the upstream

supplier faces competition from an integrated incumbent. In this setting, we find that the supplier has

an even stronger incentive not to foreclose the non-integrated retailer. The reason is that, when facing

competition from an incumbent, the supplier has a strategic incentive to commit to lower the wholesale

price charged to its non-integrated retailer in order to reduce the incumbent’s output. Interestingly, this

wholesale price can even be negative for large network externalities– i.e., the supplier subsidizes the non-

integrated retailer. Even in this case, the merger is profitable and CS-increasing under linear wholesale

contracts since it mitigates double marginalization and welfare neutral under two-part tariffs.

Summing up, our analysis suggests that the traditional foreclosure logic does not apply in markets

featuring network externalities. Whether wholesale or listing contracts are linear or non-linear, vertical

integration may either be profit and CS-increasing or have neutral effects on consumer surplus and profits.

Notably, even in contexts with competing networks, vertical integration may be valuable from a consumer

welfare perspective and revert the standard foreclosure logic.

The rest of the paper is organized as follows. After discuscussing the relevant literature, we lay down

the baseline model in Section 2, where we characterize the equilibrium with vertical separation and with

vertical integration and then compare consumer welfare and profits under the two regimes. In Section

3 we extend the model by considering competing ecosystems, non-linear contracts, discuss a two-sided

market interpretation of our model, the role of investments in quality improvements and public contracts.

Section 4 concludes. All proofs are in the Appendix.

Related Literature In this paper, we revisit the classical economic arguments related to control changes

arising from a vertical merger in the context of digital markets. Specifically, we examine how the intro-

duction of network externalities may impact an ecosystem supplier’s post-merger incentives to foreclose

its rivals in the downstream market. To this end, consider the classical ‘foreclosure doctrine’ first for-

mulated by Ordover et al. (1990) which argued that vertical mergers are likely to have anticompetitive
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effects because merged firms 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

by confirming their validity in a more general setting encompassing cases overlooked by Ordover et al.

(1990).4 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

previous seminal works, we show that in the presence of network externalities, even when the supplier

can commit to fully foreclose a rival, it has no incentive to do so. Further, as network externalities rise,

the downstream rival’s participation also rises.

This paper also contributes to the literature on markets featuring network externalities (seminal works

include Caillaud & Jullien (2003), Rochet & Tirole (2003), Armstrong (2006), among others). More

relatedly, a recent stream of literature focuses on how platform entry in competition with third parties

hosted by the platform impacts competition. 5 Academic rhetoric on the welfare impact of entry has

not been conclusive. Some works found that platform entry in competition with third parties can be

pro-competitive.6 Hagiu & Spulber (2013) suggest that platforms facing unfavorable demand conditions

have more incentive to enter into the seller product space. Hagiu et al. (2020) found that platform

entry constraints third party 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 parties also opens the channel for well known negative effects such as foreclosure of rivals.7

De Corniere & Taylor (2014) show that entry through a vertical merger between a search engine platform

and a publisher can lead to full foreclosure of rival publishers. Padilla, Perkins & Piccolo (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 parties arise when the gatekeepers face

saturated demand and this may be detrimental to consumers.8

The closest paper to ours is Pouyet & Trégouët (2016) which considers the impact of a vertical merger

between a platform and its manufacturers in presence of network effects. As in our paper, they find

that network effects dampens the incentive to foreclose rivals. In contrast to us, they allow downstream

firms access to an entrant platforms and therefore full foreclosure is not a concern.9 In our setting, the

ecosystem supplier is a monopolist and can credibly commit to foreclose rivals. We find that the presence

of network effects ensures that full foreclosure is not a profitable strategy.

4The results of Ordover et al. (1990) were based on two simplifying assumptions: upstream firms can commit to foreclose
and only offer linear wholesale contracts to the non-integrated rivals.

5Recent empirical works include Zhu (2019), He et al. (2020) among others.
6Gautier 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.
7van den Boom & Samranchit (2020) show that conglomerate mergers can lead to reduced entry.
8Instead, Carroni et al. (2021) consider a vertical merger between an important third-party and a platform. They find

that exclusive contracts (foreclosure of a rival platform) are less likely post-merger.
9In their setting, when entrants do not impose a competitive constraint, foreclosure of rivals can be a possibility even

in the presence of network effects. This is specially in the case when the non-integrated manufacturer exerts a negative
externality on the merged firm.
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2 Baseline model

Players and environment. Consider an upstream monopolist (hereafter U) supplying an ‘essential

input’ to two downstream retailers (each denoted by Di, with i = 1, 2) operating with a one-to one

transformation technology — i.e., they convert one unit of input into one unit of output — and competing

by setting quantities.10 Notice that, the notion of input does not need to be taken literally: instead of

being a physical intermediate good, it could just be interpreted as the right to access a marketplace or a

digital platform.

The demand side is modeled as in Katz & Shapiro (1985), and it features network externalities — i.e.,

the utility that each consumer derives from consumption of the good increases with the number of other

people consuming the good. For expositional purposes, we assume that the (inverse) demand function

is linear. Hence, assuming that products are compatible with one another (mutual compatibility), the

(inverse) demand function is

P (X,Xe) , max {0, 1 + θXe −X} ,

where

X , x1 + x2,

is the actual aggregate production, and

Xe , xe1 + xe2,

is the aggregate output that consumers expectD1 and D2 to distribute. As Katz & Shapiro (1985) we

assume that consumers form expectations before firms select their output levels, but after contracts have

been offered — i.e., contract offers have a signalling content to the extent that consumers infer outputs

from contracts (more below).

The parameter θ ≥ 0 measures the extent of the network externalities — i.e., the more users on a

certain network, the more likely other users are interested in joining that network. Further, we assume that

θ < 1, which ensures that the inverse demand function is well-behaved. Specifically, for any admissible θ,

the price charged to consumers is decreasing in the aggregate quantity.

Assuming Cournot competition is standard in the vertical integration literature. In the spirit of Kreps

& Scheinkman (1983), who show that price competition with capacity constraints leads to a Cournot

outcome, we shall characterize an equilibrium that is equivalent to the one of a game in which retailers

set prices but are capacity constrained in the downstream market because the manufacturer produces to

order before prices are set and final demand is realized (Rey & Tirole (2007)).11

10We consider a duopoly only for illustrative purposes. It can be shown that our results remain true qualitatively with
N > 2 retailers (proofs are available upon request). Padilla, Piccolo & Shekhar (2021) examine 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.

11Alternatively, one could imagine that the transformation activity is sufficiently time consuming that a downstream firm
cannot instantaneously reorder the manufacturer’s product and satisfy customers when their demand is larger than expected,
or reduce it when demand is unexpectedly low.
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Marginal costs, upstream and downstream, are normalized to 0 without loss of generality.

Industry structure. We compare two alternative industry structures:

(a) Vertical separation: D1 and D2 are separated from U , who needs to offer them wholesale contracts.

(b) Vertical integration: U vertically integrates with D1, while D2 remains an independent (non-

integrated) outlet. 12

Notice that, once integrated with D1, U has the option to foreclose D2 by setting a sufficiently large

wholesale price w2 (i.e., such that x2 = 0). Focusing on the conservative case that maximizes benefits

associated with a foreclosure strategy, we assume that D2 has no outside option, meaning that it has no

access to an alternative (even inferior) input supplier.13 Therefore, if U decides to (fully) foreclose, D2

leaves the market.

Timing, contracts and equilibrium concept. The timing of the game is as follows:

t = 1 U decides whether to merge with D1.

t = 2 U publicly offers contract(s) to its downstream retailer(s)

t = 3 Retailers decide how much to produce, profits materialize and payments are made.

Public contracts capture the idea that in some industries contracts are long term and are hard to change

or renegotiate, especially in the e-commerce and the digital industry (see, e.g., Karle et al. (2020)).14 For

example, many B2C and B2B platforms (e.g., such as Alibaba, Amazon and the Apple App Store) publicly

disclose the fees required to third party sellers and App developers who join these platforms. To begin

with, we assume linear wholesale contracts — i.e., U offers each retailer Di a wholesale price wi, paid by

Di for each unit of input acquired. Hence, when Di sells xi units of final product, the payment collected

by U is wixi.

As Katz & Shapiro (1985), our solution concept in the downstream competition game is fulfilled expec-

tations Cournot equilibrium, where each downstream firm chooses its output level under the assumption

that consumers’ expectations about each firm’s output are consistent with the equilibrium outcome —

i.e., rational expectations. Throughout, we will focus on symmetric equilibria such that, under vertical

separation, both retailers produce the same output and receive the same contract.

12For simplicity, here we do not consider partial vertical integration (see, e.g., Spiegel et al. (2013)).
13See Pouyet & Trégouët (2016) that considers a model in which the supplier is competitively constrained by the presence

of inefficient entrants.
14We discuss secret contracts in Section 3.
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2.1 Equilibrium under vertical separation

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

with both downstream firms D1 and D2. Notice that, under the hypothesis of public contracts, U does

not face the standard opportunism problem and has an incentive to raise wholesale prices above marginal

costs in order to monopolize the market.

Quantity setting stage. For given wholesale prices w1 and w2, each downstream firm Di solves

max
xi≥0

(P (Xe, X)− wi)xi. (1)

Differentiating with respect to xi, and imposing rational expectations — i.e., X? = Xe — it is easy to

show that

x?i (wi, w−i) ,
1− wi + (1− θ) (w−i − wi)

3− 2θ
∀i = 1, 2, (2)

X? (w1, w2) ,
2∑
i=1

x?i (wi, wj) =
2− (w1 + w2)

3− 2θ
, (3)

and

P ? (w1, w2) , P (X? (w1, w2) , X? (w1, w2)) = 1− (1− θ) 2− (w1 + w2)

3− 2θ
. (4)

The interpretation of the above expressions is rather simple. The quantity set by each firm is decreasing

with the own wholesale price and increasing in the rival’s wholesale price. Interestingly, the presence of

network effects depresses the positive impact on quantities arising from an increase in the linear wholesale

price offered to the rival — i.e.,

∂2x?i (wi, w−i)

∂w−i∂θ
= − 1

(2θ − 3)2 ≤ 0.

The demand expansion of firm i arising from an increase in the wholesale price charged to the rival is

mitigated in the presence of network effects. This arises from the fact a reduction in the rival’s output

also lowers consumers willingness to pay (for both products) and therefore also lowers the (equilibrium)

final price. This makes it unprofitable for a firm i to expand demand by as much when network effects

are absent. Thus, the traditional Cournot externality arising from outputs being strategic substitutes is

dampened in the presence of network externality.

Considering aggregate output, X∗(w1, w2), we notice that it is rising in θ. The intuition is that an

increase in θ is akin to improving the quality of the network which increases the consumers’ willingness

to pay. This makes it profitable for retailers to expand demand.
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Moreover, taking the derivative of P ? (w1, w2) with respect to θ, we get

∂P ? (·)
∂θ

= X? (·)− (1− θ)∂X
? (·)
∂θ︸ ︷︷ ︸
(+)

=
2− (w1 + w2)

(3− 2θ)2
(5)

The above comparative static with respect to network effects describes the two opposing forces. The first

expression represents the direct positive effect on prices from an increase in consumers’ network benefit

from the aggregate output sold by the network. The second expression is the indirect negative effect

on market price arising from the demand expansion effect from an increase in θ. The sum of these two

opposing effects determines the sign of the above. Keeping wholesale prices constant, a higher θ leads

to an increase in the market price through increased consumer willingness to pay arising from a higher

demand intercept.

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

U chooses w1 and w2 to maximize its profit. Specifically, under linear and public wholesale prices, U ’s

maximization problem is

max
w1,w2

∑
i=1,2

wix
?
i (wi, w−i) .

Differentiating with respect to wi, we have

x?i (wi, w−i) + wi
∂x?i (wi, w−i)

∂wi︸ ︷︷ ︸
Margin + Volume effects

+ w−i
∂x?−i (w−i, wi)

∂wi︸ ︷︷ ︸,
Strategic Effect (+)

∀i = 1, 2. (6)

This condition reflects the impact of higher wholesale prices on U ’s profit (wholesale revenue). As

standard in a model with (vertical) public contracts, there is a trade-off between wholesale margins

and volumes: for given Di’s output, a higher wi increases the wholesale revenue earned by U on each

unit of sale; at the same time, by increasing wi, U exerts downward pressure on Di’s output, thereby

reducing its revenue. In addition to these two standard effects, by increasing wi, U also positively impacts

D−i’s demand because outputs are strategic substitutes and contracts are public, thereby increasing the

wholesale revenue that U collects from D−i.

Solving condition (6) after imposing symmetry, we obtain the following.

Proposition 1 With linear wholesale contracts and vertical separation, the equilibrium wholesale price

denoted by w?L = 1
2 . The Aggregate output, individual output and market price are respectively given as

X?(w?L) =
1

3− 2θ
, x?i (w

?
L, w

?
L) =

1− w?L
3− 2θ

, P ?(w?L, w
?
L) = 1−

2 (1− θ) (1− w?L)

3− 2θ
.

The aggregate output, individual output, market price and supplier’s profit are rising in θ.
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The equilibrium wholesale price under vertical separation is constant in network effects. The aggregate

output, on the other hand, is rising in θ: as network effects become more pronounced, demand expands

as the linear wholesale price is unchanged while the benefits from network effects rise. As a consequence

of this demand expansion in network effects, supplier profits also rise in θ. Market price rises in θ as it

positively impacts the demand intercept akin to quality enhancement of the network.

2.2 Equilibrium under vertical integration

We now consider the case in which U and D1 merge. Throughout, we conjecture and verify ex-post that

foreclosure does not occur at equilibrium.

Quantity setting stage. In the second period, for given wholesale contract w2 offered by U -D1 to D2,

the merged entity and its non-integrated rival D2 set quantities to maximize their profits. Specifically,

U -D1 solves

max
x1

P (Xe, X)x1︸ ︷︷ ︸
Direct sales

+ w2x2︸ ︷︷ ︸,
wholesale revenue

which consists of profit made through the direct sales channel (i.e., the integrated retailer) and the

wholesale revenue. D2 solves

max
x2

(P (Xe, X)− w2)x2.

Differentiating with respect to x1 and x2, respectively, and imposing again rational expectations — i.e.,

Xe = xV I1 + xV I2 — it is easy to show that under vertical integration

xV I1 (w2) ,
1 + (1− θ)w2

3− 2θ
> xV I2 (w2) ,

1− (2− θ)w2

3− 2θ
,

where xV I2 (w2) ≥ 0 if and only if

w2 ≤ w̄L ,
1

2− θ
. (7)

Hence, exclusion occurs if and only if w2 > w̄L. Clearly, the quantity distributed by the integrated

supplier rises in the wholesale price charged to the non-integrated rival. However, as explained before,

the rate at which a higher w2 tends to increase x1 falls with the extent of network effects — i.e., xV I1 (w2)

is increasing in w2 but
∂2xV I1 (w2)

∂w2∂θ
= − 1

(2θ − 3)2 < 0.

Furthermore, the quantity of non-integrated rival falls as the wholesale price rises and the rate at

which it does so, decreases with network externalities — i.e., xV I2 (w2) is decreasing in w2 and

∂2xV I2 (w2)

∂w2∂θ
= − 1

(2θ − 3)2 < 0.

This is because the reaction functions become relatively less steep when network externalities become
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stronger. The reason is as explained above, the traditional Cournot externality (arising from outputs

being strategic substitutes) is less significant in the presence of network effects. Hence, any reduction in

x2 due to a higher w2 triggers a lower increase by the rival for large values of θ, which in turn makes

xV I2 (w2) less responsive to w2.

In an interior solution, the aggregate quantity is

XV I(w2) , xV I1 (w2) + xV I2 (w2) =
2− w2

3− 2θ
,

while the market price is

P V I (w2) , P
(
XV I(w2), XV I(w2)

)
= 1− (1− θ) 2− w2

3− 2θ
.

Again as before, holding the wholesale price constant, a higher θ expands the aggregate output and the

consumer gain from an increase in aggregate output which increases the market price.

Contracting stage. U maximizes the sum of D1’s direct sales profit and the wholesale revenue collected

from D2 — i.e.,

max
w2

P V I(w2)xV I1 (w2)︸ ︷︷ ︸
D1’s sales profit

+ w2x
V I
2 (w2)︸ ︷︷ ︸ .

Wholesale revenue

Differentiating with respect to w2, by the Envelope Theorem, we obtain

∂P (·)
∂Xe

∂XV I (·)
∂w2

xV I1 (·)︸ ︷︷ ︸
Network externalities (−)

+
∂P (·)
∂X

xV I1 (·)∂x
V I
2 (·)
∂w2︸ ︷︷ ︸

Strategic effect (+)

+

[
xV I2 (·) + w2

∂xV I2 (·)
∂w2

]
︸ ︷︷ ︸
Marginal wholesale revenue

= 0. (8)

This condition reflects the following forces. First, there is a network externality effect: by increasing

the wholesale price, the merged entity reduces the aggregate quantity, and hence (in a fulfilled expectations

equilibrium), it also reduces the positive demand intercept generated by consumers’ expectations. Second,

there is a strategic effect: by reducing D2’s quantity, a higher wholesale price impacts the retail market

price and the integrated entity’s direct sale profit. Third, a higher wholesale price has a volume and a

margin effect on the integrated entity’s wholesale revenue extracted from the non-integrated rival. The

above equation clearly shows the tension in supplier’s incentive between fostering the network size and

extracting surplus from the downstream rival D2. When network effects are large, fostering the network

size dominates and therefore wholesale prices fall in network externalities. This will be apparent in the

following analysis where we find that when network effects are high, the equilibrium wholesale price falls

with network effects.

Solving the above first-order condition with respect to w2, we obtain the equilibrium wholesale price

11



that the integrated supplier U -D1 charges to D2

wV IL , w̄L −
θ (3− 2θ)

2 (2− θ) (θ2 + 5 (1− θ))︸ ︷︷ ︸
(+)

≤ w̄L. (9)

Hence, we can state the following result.

Proposition 2 Under linear wholesale contracts, the integrated supplier has no incentive to foreclose the

non-integrated rival for every θ > 0 — i.e., wV IL < w̄L. Moreover, wV I is inverted U-shaped with respect

to θ, while D2’s equilibrium output is increasing in θ. D2 is fully foreclosed only at θ = 0.

Interestingly, we find that under linear contracts, the merged entity U -D1 has no incentive to fully

foreclose its rival when network effects play a role — i.e., for any positive, even negligible, θ. There are

two forces at play. First, by a standard monopolization logic, for given consumers’ expectations, the

integrated supplier would like to marginalize D2, by charging a higher w2, as consumers’ willingness to

pay increases (i.e., as θ grows large). Second, because contracts are public, increasing the rival’s wholesale

price depresses consumers’ expectations because they anticipate that D2’s output will be lower, which in

turn reduces the equilibrium price and U ’s profit. This can be very easily observed from equation (8).

When θ = 0, employing the Envelope Theorem, equation (8) can we rewritten as follows.

−∂x
V I
2 (·)
∂w2

[
P V I(·)− w2

]
+ xV I2 (·) = 0

The above expression has a unique solution when wV IL = wL = P V I(·) as U -D1 then sets the industry

profit maximizing quantity. In the presence of network effects, the wholesale contract is always set lower

than the level that fully forecloses the non-integrated rival as the negative network externalities effects

kicks in. Thus, ensuring that the rival is never fully foreclosed.

On the balance, wV IL is increasing in θ for low values of this parameter because consumers’ expectations

are relatively less relevant than the standard marginalization logic. On the contrary, for θ large enough,

wV IL decreases in θ because marginalizing the rival is relatively less profitable than increasing the market

price via a higher ecosystem size.

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

effects of the merger. A useful step is to first examine the impact of the merger on the equilibrium

wholesale price and firms’ market shares.

Proposition 3 The equilibrium wholesale price is higher under vertical integration than vertical sepa-

ration — i.e., wV IL > w?L. Moreover, D1’s market share increases under vertical integration while D2’s

market share drops — i.e., xV I1 (wV IL ) > x?(w?L) > xV I2 (wV IL ).
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The reason why the wholesale price increases after the merger is simple: by increasing the wholesale

price, for given retail price, the merged entity is able to divert demand form the rival to its own direct

channel, whose production cost is zero. This increase in D2’s wholesale price lowers its output in the

vertical integration case in comparison to the vertical separation case. Further, the output of D1 increases

as the marginal cost of production of D1 falls along with a diversion of output away from D2. Nevertheless,

as discussed above, in order to exploit network effects, the merged entity has no incentive to foreclose the

rival — i.e., wV I < w̄L.

Let xV I1 (wV IL ) , xV I1 and xV I2 , xV I2 (wV IL ), we can show the following comparative statics.

Corollary 1 Comparing wholesale prices and outputs under vertical integration and vertical separation,

we find that

• ∂(wV I
L −w

?
L)

∂θ ≤ 0 if and only if θ ≥ 5−
√

5
4 ;

• ∂(xV I
1 −x?L)
∂θ > 0 for every θ ∈ [0, 1);

• ∂|xV I
2 −x?L|
∂θ ≤ 0 if and only if θ ≥ 0.16.

The first result, on the comparative static of the difference in wholesale prices under vertical integration

and vertical separation with respect to θ, is immediate from the fact that wV IL is inverted U -shaped in

θ, while w?L is constant. The second result, which compares how the difference in D1’s outputs with and

without vertical integration varies with θ is also rather intuitive. Vertical integration eliminates double

marginalization, and the higher θ the stronger is this effect. Finally, regarding the effect of θ on the

difference between D2’s output with and without vertical integration, the result shows that this difference

falls in θ when θ is not too small. The intuition is as follows. In contrast to the vertical separation case,

the equilibrium wholesale price is inverted U -shaped with respect to θ under vertical integration. Hence,

θ must have a non-monotone effect on impact D2’s output too. Specifically, an increase in θ impacts D2

as follows
∂xV I2 (wV IL )

∂θ︸ ︷︷ ︸
Direct effect (+)

+
∂xV I2 (wV IL )

∂w2

∂wV IL
∂θ︸ ︷︷ ︸

Wholesale price effect (?)

.

The direct effect is always positive as it increase the demand intercept, thereby accommodating an ex-

pansion in D2’s output, and this effect is always larger in the vertical integration case than in the vertical

separation case. Instead, the wholesale price effect is positive for θ being sufficiently large and negative

otherwise. Therefore, when θ is small, the wholesale price effect has a different sign than the direct effect.

As a result, D2’s output increases with θ at a slower rate under vertical integration than under vertical

separation for θ < 0.16, and the opposite holds otherwise.

We can now turn to study the effects of vertical integration on profits.
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Corollary 2 With linear wholesale prices, vertical integration is always profitable and CS-increasing,

tough it reduces the profit of the non-integrated retailer. However, the loss of this retailer is inverted-U

shaped with respect to θ and it becomes negligible as θ approaches 1.

As standard in the literature, with linear wholesale contracts, the merger is profitable because it enables

U to eliminate one source of double marginalization — i.e., D1’s input cost drops to zero – and for the same

reason, it also unambiguously benefits consumers. Network effects magnify the benefits from elimination of

double marginalization on both the consumers and the supplier. Further, to fully exploit network effects,

the integrated supplier chooses not to foreclose its downstream rival as a commitment device to convince

consumers that its ecosystem will be large, and hence, compelling to them. Although full foreclosure does

not occur in equilibrium, the non-integrated retailer is worse off under vertical integration: the supplier

extracts a larger fraction of its surplus via a higher wholesale price. However, as intuition suggests,

this loss decreases with θ when this parameter is sufficiently large, since for large network externalities

the difference between D2’s output with vertical separation and vertical integration falls with θ, and it

becomes negligible when network externalities are sufficiently large (θ → 1).

3 Extensions

In this section we show that the analysis developed above and its main insights remain true, and sometimes

even strengthen, when some of its underlying assumptions are relaxed.

3.1 Competing networks

In this section we introduce a vertically integrated incumbent (hereafter I ) that competes with D1 and D2

in the downstream market. The (inverse) demand functions are derived by the following utility function

describing the preferences of a representative consumer

U (·) , (1 +A)xI + (1 + θXe
U )
∑
i=1,2

xi −
1

2

∑
i=1,2

x2
i + x2

I

− x1x2 − xI
∑
i=1,2

xi − px +m,

where

px ,
∑
i=1,2

xipi + xIpi,

m is the representative consumer’s income, Xe
U ,

∑
i=1,2 x

e
i denotes the consumers’ expectation about

the size of U ’s ecosystem, and

X ,
∑
i=1,2

xi + xI ,

is the aggregate output, which includes the incumbent’s output xI .
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The parameter A > 0 reflects the incumbency advantage of I over U — i.e., the parameter A can

be interpreted as I’s established network size or, in brief, its consumer base. Differentiating U(·) with

respect to outputs we obtain the inverse demand functions

P (Xe
U , X) , max {0, 1 + θXe

U −X} ,

and

PI (X) , max {0, 1 +A−X} . (10)

As before, we focus on equilibria such that consumers’ expectations are fulfilled and, under vertical

separation, D1 and D2 produce the same output and receive the same contract offer. We restrict attention

to the region of parameters in which I produces positive outputs and second-order conditions are satisfied.

A1 Network externalities are not too strong and I’s incumbency advantage is not too pronounced —

i.e., θ < 4−
√

5
2 and

1 > A > A , max

{
0,

14θ − 4θ2 − 7

15 + 4θ2 − 18θ

}
.

Imposing that I’s network is not too large guarantees that U ’s ecosystem is active on the market. On

the contrary, A not too small guarantees that I is not foreclosed in the pre-merger regime. The remaining

assumptions are as in the baseline model. The only caveat is that we assume that contracts are fully

public in the sense that even the incumbent can observe them — e.g., in many platform markets such

as Amazon and the Apple App Store commissions charged to third party sellers and App developers are

publicly advertised, and therefore observable to all market participants.

The logic of the analysis is similar to that of the baseline model. The key difference is the presence of

the incumbent, whose maximization problem is

max
xI

PI (X)xI .

Differentiating with respect to xI , we have

x?I (x1 + x2) =
1 +A−Xe

U

2
,

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

Following the same logic as before, we can summarize the results in the following proposition (for brevity,

the analysis is relegated to the Appendix).
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Proposition 4 With an integrated incumbent, the equilibrium under vertical separation is such that

w?U ,
1−A

4
,

X?
U ,

1−A
4(1− θ)

,

x?I ,
3 + 5A− 4(1 +A)θ

8(1− θ)
.

With w?U being decreasing in A and constant in θ, X∗U is in θ and decreasing in A, and x?I is increasing

in A and decreasing in θ.

As intuition suggests, the (equilibrium) wholesale price is decreasing in A . As the incumbent’s

consumer base grows large, its output increases, thereby reducing D1 and D2’s output since quantities

are strategic substitutes. As a result, U ’s must lower the wholesale price in order to shield against the

increased competitive pressure exerted by a more prominent incumbent. Using similar arguments, the

aggregate output produced within U ’s network falls with A while the incumbent’s output increases in this

parameter.

Under vertical integration we have.

Proposition 5 With an integrated incumbent, the merged entity U -D1 has no incentive to foreclose D2

even when θ = 0. The equilibrium wholesale price is

wV IU ,
(1−A)(3− 4θ)

11 + 4(θ − 4)θ
,

with wV IU < 0 if and only if θ > 3
4 .

In line with the baseline model, the integrated supplier U -D1 does not foreclose D2. Interestingly,

with competing networks, this is true even in the absence of network effects — i.e., at θ = 0.15 The reason

is that dealing with D2 is a commitment device vis-à-vis the incumbent to expand output. Indeed, wV IU
is even negative for θ > 3

4 : in this parameter region, U commits to subsidize D2 to lower I’s output.

Comparing outputs, we find the following.

Proposition 6 xV I2 and xV I1 are increasing in θ. Moreover, when θ > 3
4 , the output of D2 is even higher

than that of the integrated supplier — i.e., xV I2 > xV I1 . The output of the incumbent, xV II , is decreasing

in θ.

The interesting result here is that, when network effects are sufficiently large, the output of the non-

integrated retailer can be even higher than the output of the integrated retailer. Hence, with network

externalities and competing networks, the standard foreclosure logic not only fails, but it is even reversed:

15This result is also confirmed in a differentiated Bertrand competition setting, see, e.g., Padilla et al. (2021).
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the integrated supplier has an incentive to subsidize its non-integrated retailers to squeeze the incumbent’s

market share. The intuition for the remaining comparative statics is standard.

3.1.1 Competitive and welfare effects with competing networks

We are finally in the position of studying the competitive and the welfare effects of the merger.

Proposition 7 With competing networks, the following is true:

• With strong network externalities (θ > 1/2): wV IU < w?U and xV I2 > x?2;

• With weak network externalities (θ ≤ 1/2): wV IU ≥ w?U and xV I2 ≤ x?2.

This proposition shows rather clearly that, with competing networks, the foreclosure logic fails when

network externalities are strong enough — i.e., D2 produces more under vertical integration than under

vertical separation. The intuition for this is as follows. In the presence of an incumbent network, vertical

integration becomes a strategic tool to credibly commit to expand production via the announcement of

low wholesale price.

We can thus turn to characterize the competitive and welfare effects of vertical integration. Notice

that, under the utility function U (·), consumer surplus is

CS(X) ,
X2

2
.

We can show the following.

Proposition 8 With an incumbent network, the merger is always profit-increasing and CS-increasing

Moreover, D2’s profit is higher under vertical integration than under vertical separation when θ > 1/2 .

The gain in consumer surplus is decreasing in A.

Consistently with the baseline model, the merger is profitable because it allows U to eliminate one

source of double marginalization while controlling I ’s output by choosing an appropriate wholesale price;

and it is also CS-increasing because in addition to eliminating double marginalization, when θ is sufficiently

large, it also expands D2’s output via a lower (sometimes even negative) wholesale price. As intuition

suggests, the gain in consumer surplus is decreasing in the incumbent’s customer base A. Finally. the

effect on D2 result follows immediately Proposition (7). When θ > 1/2, the linear wholesale price charged

to D2 is lower than the pre-merger level. as a result, D2’s output, and thus its profit, increases in the

post-merger regime.

3.2 Two-part tariffs

In this section, we consider non-linear wholesale contracts. Specifically, U offers each retailer Di a two

part-tariff, Ci , (wi, Fi), specifying a linear wholesale price wi — i.e., the price paid by Di for each unit
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of input — and a fixed fee Fi . Hence, when Di sells xi units of final product, the payment collected by

U is wixi + Fi.

Clearly, the outcome of the quantity competition game does not change compared to the baseline

model since fixed fees are sunk at the stage in which firms set outputs. Hence, we can directly focus on

the contracting problem.

We make the following additional assumption.

A2 Network externalities are not too strong — i.e., θ < 1
2 .

This assumption ensures that wholesale prices are always positive and that the solutions of the firms’

maximization problems are always interior.

Vertical separation. We can now turn to characterize equilibrium contracts under vertical separation.

U chooses C1 and C2 to maximize its profits — i.e.,

max
(Ci)i=1,2

∑
i=1,2

[wix
?
i (wi, wj) + Fi] ,

subject to Di’s participation constraint

Fi ≤ [P ? (w1, w2)− wi]x?i (wi, wj) , ∀i = 1, 2.

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

above maximization problem rewrites as

max
wi

P ? (w1, w2)X? (w1, w2)︸ ︷︷ ︸
Industry profit

.

Hence, under two-part tariffs, U maximizes aggregate industry profits. Differentiating with respect to

wi, we obtain the following first-order conditions

∂P ? (·)
∂Xe

∂X? (·)
∂wi

X? (·)︸ ︷︷ ︸
Network externality effect (-)

+
∂X? (·)
∂wi

(
∂P ? (·)
∂X

X? (·) + P ? (·)
)

︸ ︷︷ ︸
Industry profit maximization w/o network effects

= 0, ∀i = 1, 2. (11)

The above expression clearly shows that the network externality effect reduces wholesale prices. At θ = 0,

the network externality effect vanishes. As a result, the wholesale prices are set to maximize industry

profit at θ = 0. Instead, when network effects are present, the network externality effect reduces the

incentive to set wholesale prices to lower output to an industry profit maximizing level (when network

effects are not considered).

As standard in a model with (vertical) public contracts, there is a trade off between volumes and profit

margin: by increasing the wholesale price wi, U exerts downward pressure on the aggregate quantity,
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thereby reducing sales; at the same time, a lower aggregate quantity increases the market price which, in

turn, expands U ’s profit margin.

Solving the first-order condition (11), we can show the following proposition that characterizes the

equilibrium with vertical separation.

Proposition 9 With two-part tariffs and vertical separation, there is a unique symmetric equilibrium

such that

w?T ,
1− 2θ

4 (1− θ)
> 0, ∀i = 1, 2. (12)

with w?T being decreasing in θ.

The equilibrium wholesale price under vertical separation is decreasing in θ: as network effects become

more pronounced, expanding demand via lower wholesale prices becomes relatively more profitable because

consumers are relatively more willing to pay when the ecosystem’s size is large.

Substituting w?T into the retail market outcome as in equations (2)-(4) and differentiating with respect

to θ we can obtain the following comparative statics.

Proposition 10 With two-part tariffs, aggregate output and U ’s profit increase in θ.

As explained above, relatively stronger network effects tend to increase demand, aggregate output and

industry profits.

Vertical integration. Next, consider the vertical integration case. Assuming an interior solution, the

merged entity U -D1 solves the following maximization problem

max
C2

P V I (w2)xV I1 (w2) + w2x
V I
2 (w2) + F2 (13)

subject to D2’s participation constraint

F2 ≤
[
P V I (w2)− w2

]
xV I2 (w2) .

Substituting D2’s binding participation constraint into U -D1’s maximization problem and rearranging

terms, the above maximization problem rewrites as

max
w2

P V I(w2)XV I(w2)︸ ︷︷ ︸
Industry profit

.

Once again, under two-part tariffs, the integrated supplier fully extracts the rival’s profit via the fixed

fee and thus chooses the wholesale price to maximize the industry profit. Differentiating with respect to
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w2, by the Envelope Theorem, we get

∂P V I (·)
∂Xe

∂XV I (·)
∂w2

XV I (·)︸ ︷︷ ︸
Network externality effect (−)

+
∂P V I (·)
∂X

∂XV I (·)
∂w2

xV I2 (·)︸ ︷︷ ︸
strategic effect (+)

= 0 (14)

which can be rewritten as

∂P V I (·)
∂Xe

∂XV I (·)
∂w2

XV I (·)︸ ︷︷ ︸
Network externality effect (−)

− (P V I(·)− w2)
∂XV I (·)
∂w2︸ ︷︷ ︸

strategic effect (+)

= 0. (15)

This condition reflects the same forces discussed above. Solving the above first-order condition with

respect to w2, we obtain the equilibrium wholesale price that U -D1 charges to D2

wV I =
1− 2θ

2(1− θ)
, w̄L −

θ (3− 2θ)

2 (2− θ) (1− θ)
≤ w̄L. (16)

Let xV I2

(
wV I

)
, xV I2 , we can show the following.

Proposition 11 For any θ > 0, the integrated entity has no incentive to foreclose the non-integrated

rival — i.e., wV I < w̄L so that xV I2 > 0. Moreover, wV I is decreasing in θ and xV I2 is increasing in θ.

Foreclosure occurs only in the absence of network externalities — i.e., wV I = w̄2 and xV I2 = 0 at θ = 0.

This proposition demonstrates that the no foreclosures results discussed in the paper hold under two-

part tariff contracts as well. It shows that with network externalities, the vertically integrated supplier

does not find it profitable to fully foreclose the non-integrated rival even if it can fully extract its profit. The

reason hinges on the presence of network externalities: foreclosing D2 depresses consumers’ expectations

about the ecosystem’s size and hence their willingness to pay, thereby reducing the integrated supplier’s

profit. This can easily be observed when considering equation (14). At the θ = 0, the network externality

effect is absent and the expression for the first order condition is given as

−(P V I(·)− w2)
∂XV I (·)
∂w2

= 0.

From the above, it is immediate that at θ = 0, the supplier sets w2 to ensure xV I2 (·) = 0 — i.e., w2 =

wL = P V I(·) . Therefore, at θ = 0, D2 is foreclosed. Instead, when θ > 0 , the negative effect of the

network externality effect kicks in which lowers the wholesale price ensuring that D2 is never foreclosed.

As a result, wV I is decreasing in θ and xV I2 is increasing in θ.

3.2.1 Competitive and welfare effects

We now turn to study the competitive and the welfare effects of the merger. A useful step is to first

examine the impact of the merger on the equilibrium wholesale price and firms market shares.
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Proposition 12 The equilibrium wholesale price is higher under vertical integration than vertical sepa-

ration — i.e., wV I > w?. Moreover, D1’s market share increases post-merger while D2’s market share

drops post-merger — i.e., xV I1 > x? > xV I2 .

The reason why the wholesale price increases after the merger is simple: by increasing the wholesale

price, for given retail price, 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 foreclose the rival — i.e., wV I < w̄.

Corollary 3 With two-part tariffs, θ unambiguously stifles the difference between wholesale prices and

outputs with and without vertical integration.

The above corollary shows that as network effects rise, the traditional incentive to increase rivals’ costs

mitigates. Hence, the negative impact on the non-integrated firms’ quantity levels is lower for (relatively)

large network effects.

We can then turn to study the competitive and welfare effects of the merger.

Proposition 13 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 retailers’ output decisions and consumers’ expectations through the

choice of the wholesale prices. Essentially, when contracts are public, the vertically separated supplier

can always replicate the market outcome obtained under vertical integration — i.e., by setting w1 = 0 and

w2 = wV I . Hence, U ’s profit is the same before and after the merger, implying that vertical integration

does not impact aggregate output either.

3.3 A two-sided approach with developers

This section shows that the results obtained above can be interpreted with a two-sided markets perspective

where the presence of developers determines network externalities. The hypothesis is that developers value

positively the presence of consumers and vice-versa.16

Suppose that consumers value the presence of developers on the ecosystem instead of the presence of

other consumers on the network as in the baseline model. The (inverse) demand function is as follows.

P (X) = 1 + γDe −X,
16See Casadesus-Masanell & Ruiz-Aliseda (2008) which models a two-sided market a la Katz & Shapiro (1985) in a different

context.
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where De denotes the consumer belief regarding the total mass of developers active on the ecosystem,

and γ is the marginal utility from the presence of an additional developer.

The developers’ participation on the other side of the market is modeled as follows. Developers are

distributed according to their random outside option, hereafter denoted by k, which distributes according

to a cumulative distribution F (·), whose probability distribution function is f(·).17 A developer of type

k obtains the following utility from developing a product for the network

u(k) = φXe − k

where Xe denotes the mass of expected consumers on the platform. φ is the value that developers associate

to each additional consumer on the platform. For simplicity, we assume that developers are not charged

an entry price by the platform for offering products to consumers.18

Developers are active on the ecosystem as long as they make positive expected profits given their belief

on the total consumer demand on the network — i.e.,

u(k) > 0 ⇒ k < k , φXe.

Assuming that F (·) is uniform over [0, 1], the above condition determines the mass of developers as

D = φXe.

Hence, once accounting for the developer market, the main change in the expressions is that now the

network effect is given as γφ instead of just θ as in our benchmark model. All the results in our benchmark

model are robust to this change.

3.4 Endogenous network effects

Up to this point, we assumed that the parameter θ is exogenous. However, in practice, one could imagine

that suppliers can engage in costly activities to improve their ecosystems — e.g., investments support-

ing advertising and promotional campaigns, R&D activities aimed at strengthening the network quality

and imposing better compatibility standards among different products belonging to it, etc. With linear

wholesale contracts, allowing U to choose (at a cost) θ can only benefit consumers because the merger is

profit increasing — i.e., U has a greater incentive to set θ high when vertically integrated — and the gain

in consumer surplus is growing in the extent of network externalities. Hence, adding an investment stage

in which, after having decided whether to integrate or not, U also endogenously set θ, can only increase

consumer welfare and D2’s output (i.e., it reduces the extent of partial foreclosure).

17We assume the standard regularity conditions for well behaved demands.
18The results do not change with the inclusion of a positive ecosystem entry price to the developers.
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3.5 On the role of public contracts

So far, we have considered public contracts. While this choice has been driven by the very simple fact that

listing contracts are usually public in many prominent platforms — e.g., Amazon and the Apple app store

— one may wonder how our results change under secret contracts. While the conclusion that the standard

foreclosure logic fails survives both with secret linear and two-part tariff contracts — i.e., the supplier

still has an incentive to keep the non-integrated retailer alive in order to exploit complementarities and

foster the network size — the effect on consumer surplus becomes slightly more complicated and depends

on the type of contracts. The reason is as follows. With linear wholesale price, vertical integration

still mitigates double marginalization, and this effect is magnified by network externalities. Yet, with

secret two-part tariffs, the standard opportunism problem drives wholesale prices to marginal costs in

the vertical separation case, whereas vertical integration may still lead to partial foreclosure, thereby

harming consumers. Hence, while our results are likely to remain valid with linear wholesale contracts,

the beneficial effect of vertical integration on consumer surplus is likely to be overturned with secret

two-part tariffs.

4 Conclusions

This paper has argued that the traditional vertical foreclosure logic fails when considering downstream

markets featuring network effects. In particular, we have shown that when the utility that each consumer

derives from consumption of the good increases with the number of other people consuming the good, ver-

tically integrated suppliers have no incentive to foreclose the non-integrated rivals fully, and the incentive

to marginalize them partially falls with the extent of network externalities — i.e., the market participation

(output) of the nonintegrated retailer increases with the degree of network externalities. Furthermore, we

have also argued that while vertical integration is profitable and consumer surplus enhancing when the

supplier can offer linear wholesale contracts, it is profit and consumer surplus neutral with two part tariffs.

Interestingly, results are robust when introducing competing networks. Finally, we have also shown that

our results do not hinge necessarily on positive externalities among consumers but can also be interpreted

in a two-sided setting with content developers on the other side.

5 Appendix

Proof of Proposition 1. Assuming a symmetric equilibrium, the expression in equation (6) can be

rewritten as
1− 2w?L
3− 2θ

= 0,

whose solution yields w?L = 1
2 . Substituting w?L into the expression for aggregate output, we obtain

X?
L , X

?(w?L) =
1

3− 2θ
.
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Differentiating X?
L with respect to θ

∂X∗L
∂θ

=
2

(3− 2θ)2
,

which is always positive.

Finally, the equilibrium market price is

P ?L ,
2− θ
3− 2θ

.

which is also increasing in θ.

It can be verified that U ’s profit is

π?U ,
1

2(3− 2θ)
,

which is clearly increasing in θ. �

Proof of Proposition 2. The first-order condition (8) can be rewritten as

−4θ − 2((θ − 5)θ + 5)wV IL + 5

(3− 2θ)2
= 0,

whose solution yields

wV IL ,
5− 4θ

2(5− (5− θ)θ)
,

with wV IL < wL. Therefore, D2 is never foreclosed for any θ ∈ (0, 1).

Differentiating wV IL with respect to θ

∂wV IL
∂θ

=
2θ(2θ − 5) + 5

2(5− (5− θ)θ)2
≥ 0 ⇔ θ ≤ 5−

√
5

4
.

Substituting the equilibrium wholesale price into outputs and market price, we have

xV I2 =
θ

2(5− (5− θ)θ)
< xV I1 =

5− 3θ

2(5− (5− θ)θ)
,

XV I
L =

5− 2θ

2(5− (5− θ)θ)
,

and

P V IL =
5− 3θ

2(5− (5− θ)θ)

It is immediate to see that xV I2 > 0 if and only if θ > 0. Finally, differentiating with respect to θ, we get

∂xV I2

∂θ
=

5− θ2

2(5− (5− θ)θ)2
> 0,

which concludes the proof. �
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Proof of Proposition 3. Taking the difference between the equilibrium wholesale price under vertical

integration and vertical separation, we have

wV IL − w?L =
(1− θ)θ

2(5− (5− θ)θ)
≥ 0.

Moreover,

xV I1 − x?L =
5θ2 − 14θ + 10

2(3− 2θ)(5− (5− θ)θ)
> 0. (17)

and

xV I2 − x?L = − (5− 3θ)(1− θ)
2(3− 2θ)(5− (5− θ)θ)

< 0, (18)

which concludes the proof. �

Proof of Corollary 1. The sign of the derivative with respect to θ of the difference wV IL −x? is immediate

since x?L = 1
2 . Moreover, it is easy to show

∂(xV I1 − x?L)

∂θ
=

(2− θ)
(
20− 45θ + 36θ2 − 10θ3

)
2(3− 2θ)2(5− (5− θ)θ)2

> 0,

and
∂(xV I2 − x?L)

∂θ
= −6θ4 − 32θ3 + 59θ2 − 40θ + 5

2(3− 2θ)2(5− (5− θ)θ)2
≥ 0 ⇔ θ ≥ 0.16,

which concludes the proof. �

Proof of Corollary 2. The post-merger profit of U is

πV IL , P V IL xV I1 (wV IL ) + wV IL xV I2 (wV IL ) =
5

4(5− (5− θ)θ)
.

Comparing profits with and without vertical integration

πV IL − π?U =
5− 2θ2

4(3− 2θ)(5− (5− θ)θ)
> 0.

Before comparing consumer surplus, it is useful to compare the aggregate output under vertical inte-

gration and vertical separation — i.e.,

XV I
L −X?

L =
5 + 2θ (3− θ)

2(3− 2θ)(5− (5− θ)θ)
> 0.

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

CS (X) =
X2

2
.
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Therefore, the difference between consumer surplus with vertical integration and vertical separation is

CSV IL − CS?L =
(5− 2θ (3− θ)) (25− 2θ (13− 3θ))

8(2θ − 3)2(5− (5− θ)θ)2
> 0.

The profit of each downstream firm under vertical separation is

(P ?L − w?L)x?L =
1

4(3− 2θ)2
.

The profit of D2 under vertical integration is

(P V IL − wV IL )xV I2 =
θ2

4(5− (5− θ)θ)2
.

Taking the difference between the two profits we have

(P ?L − w?L)x?L − (P V IL − wV IL )xV I2 =
(1− θ)(5− 3θ) (5− θ (2 + θ))

4(3− 2θ)2(5− (5− θ)θ)2
> 0.

Differentiation the above difference yields

(2− θ)
(
125− 380θ + 395θ2 − 154θ3 + 6θ4 + 6θ5

)
2(3− 2θ)3(5− (5− θ)θ)3

,

which is positive if and only if θ ≤ 0.771 and negative otherwise. �

Proof of Proposition 4. Solving the first-order conditions associated with D1, D2 and I’s maximization

problems, and imposing rational expectations, we have

xi(wi, wj) =
1−A− wi − wj − 1

4 (1− θ)
+
wj − wi

2
∀i, j = 1, 2,

with

XU (w1, w2) =
1−A− w1 − w2

2 (1− θ)
,

and

xI(w1, w2) =
3A+ w1 + w2 + 1− 2(1 +A)θ

4 (1− θ)
.

U ’s profit is ∑
i=1,2

wixi(wi, wj).

Differentiating with respect to wi yields

1−A− 2(wi + wj)

4(1− θ)
− wi + wj = 0, ∀i, j = 1, 2
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Imposing symmetry, we get

w?U =
1−A

4
. (19)

Hence,

X?
U =

1−A
4(1− θ)

, (20)

x?I =
3 + 5A− 4(A+ 1)θ

8(1− θ)
, (21)

P ?U =
(1−A)(3− 2θ)

8(1− θ)
, (22)

P ?I =
3 + 5A− 4(A+ 1)θ

8(1− θ)
. (23)

Showing that X?
U is decreasing in A and increasing in θ is immediate. Differentiating x∗I with respect

to A and θ yields

∂x?I
∂θ

= − 1−A
8(1− θ)2

< 0

∂x?I
∂A

=
5− 4θ

8(1− θ)
> 0.

The above inequalities hold under A1. �

Proof of Proposition 5. Solving the first-order conditions associated with D1, D2 and I’s maximization

problems, and imposing rational expectations, we have

xV I1 =
1−A− 2θw2 + w2

4− 4θ
, (24)

xV I2 =
1−A− (3− 2θ)w2

4(1− θ)
, (25)

XV I
U =

1−A− w2

2(1− θ)
, (26)

xV II =
1 + 3A− 2(A+ 1)θ + w2

4(1− θ)
. (27)

Setting xV I2 = 0, we obtain the choke (wholesale) price wU = 1−A
3−2θ > 0.

The profit of the merged entity U -D1 is

P (·)x1 + w2x2.

Differentiating with respect to w2 and solving the corresponding first-order condition we have

wV IU =
(1−A)(3− 4θ)

11− 4(4− θ)θ
≤ 0 ⇔ θ ≤ 3

4
. (28)
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Differentiating wV IU with respect to θ

∂wV IU
∂θ

=
4(1−A) (1− 2θ (3− 2θ))

(4(θ − 4)θ + 11)2
≥ 0 ⇔ θ ≤ 3−

√
5

4
.

Comparing the post-merger linear wholesale price with the choke wholesale price, wU = 1−A
3−2θ , we

obtain

wV IU − wU = − 2(1−A)(1− θ)(1 + 2θ)

(3− 2θ) (11− 4θ (4− θ))
,

which is negative for every θ ∈ [0, 1]. �

Proof of Proposition 6. Substituting wV IL into the equations (24)-(27) and the (equilibrium) market

prices, we obtain

xV I1 =
(1−A)(7− 6θ)

22− 8(4− θ)θ

xV I2 =
(1−A)(1 + 2θ)

22− 8(4− θ)θ

xV II =
4(A+ 1)θ2 − 2(9A+ 7)θ + 15A+ 7

22− 8(4− θ)θ
,

so that

XV I
U =

2(1−A)(2− θ)
11− 4(4− θ)θ

.

As a result,

P V I =
(1−A)(7− 6θ)

22− 8(4− θ)θ

P V II =
4(A+ 1)θ2 − 2(9A+ 7)θ + 15A+ 7

22− 8(4− θ)θ

Differentiating xV I1 , xV I2 and xV II with respect to θ, under A1, have

∂xV I1

∂θ
=

(1−A)(23 + 4θ(3θ − 7))

(4(θ − 4)θ + 11)2
> 0,

∂xV I2

∂θ
=

(1−A)(19− 4θ(1 + θ))

(4(θ − 4)θ + 11)2
> 0,

∂xV II
∂θ

= −(1−A)(21− 4θ(4− θ))
(4(θ − 4)θ + 11)2

< 0.

Finally, it is easy to show that

xV I1 − xV I2 =
(1−A)(3− 4θ)

4(θ − 4)θ + 11
≥ 0 ⇔ θ ≤ 3

4
,
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which concludes the proof. �

Proof of Proposition 7. Comparing the wholesale prices under vertical integration and under vertical

separation, we obtain

wV IU − w?U =
(1−A)(1− 2θ)(1 + 2θ)

4(4(θ − 4)θ + 11)
≥ 0 ⇔ θ ≤ 1

2
.

Similarly, comparing the output of D2 under vertical integration and under vertical separation, we get

xV I2 − x?2 = − (1−A)(1− 2θ)(7− 6θ)

8(1− θ) (4θ2 − 16θ + 11)
≥ 0 ⇔ θ ≥ 1

2
,

which concludes the proof.�

Proof of Proposition 8. U ’s profit in the vertical separation case is

w?UX
?
U =

(1−A)2

16(1− θ)
.

Similarly, the profit of the vertically integrated supplier is

P V IxV I1 + wV IU xV I2 =
5(1−A)2

44− 16(4− θ)θ
.

Taking the difference

P V IxV I1 + wV IU xV I2 − w?UX?
U =

(1−A)2 (9− 4θ (1 + θ))

16(1− θ) (11− 4θ (4− θ))
,

which is strictly positive under A1.

Consumer surplus in the vertical separation case is

CS? =
(5 + 3A− 4(1 +A)θ)2

128(1− θ)2
.

By contrast, under vertical integration we have

CSV I =
(15 + 7A− 2(9 + 7A)θ + 4(1 +A)θ2)2

8(11− 4(4− θ)θ)2
.

Taking the difference of the total consumer surplus in the case vertical integration with vertical separation,

CSV I − CSS , yields the expression

CSV I − CS? =
(1−A)(5− 8θ + 4θ2)(115− 4θ(64− θ(43− 8θ)) +A(61− 4θ(44− θ(37− 8θ))))

128(1− θ)2(11− 4(4− θ)θ)2
,

which is always positive under A1 and decreasing in A. �
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Proof of Proposition 9. Solving the first-order conditions in (11) for a symmetric equilibrium, we

immediately obtain the wholesale price described in (12), which is clearly decreasing in θ. �

Proof of Proposition 10. Substituting w?T into (2), (3) and (4), we have

x?T =
1

4 (1− θ)
< X?

T = 2x?T ,

and P ?T = 1
2 , with x?T and X?

T being increasing in θ.

Further, differentiating U ’s profit with respect to θ, by the Envelope Theorem, we have

P ?T
∂X?

T

∂θ
,

which is positive since X?
T is increasing in θ. �

Proof of Proposition 11. Solving the first-order condition in (14), we obtain

wV IT =
1− 2θ

2(1− θ)
,

which is clearly decreasing in θ.

Recall that wL = 1
2−θ is the choke (wholesale) price such that xV I2 (wL) = 0. Hence, any w2 > wL

implies that D2 is fully foreclosed. It is immediate to verify that, for any θ > 0, wV IT < w2 and thus

xV I2 (wV IT ) > 0.

Next, substituting wV IT into the output functions we have xV I1 = 1
2

xV I2 = xV I1

θ

1− θ
< XV I

T = xV I1

1

1− θ
,

and P V IT = 1
2 .

Finally, it is immediate to verify that equilibrium outputs are increasing in θ. �

Proof of Proposition 12. To begin with, notice that

wV IT − w?T =
1− 2θ

4(1− θ)
, (29)

which is positive under A2. Similarly, comparing outputs, we have

xV I1 − x?T =
1− 2θ

4(1− θ)
> 0, (30)

xV I2 − x?T = − 1− 2θ

4(1− θ)
< 0,

which concludes the proof. �
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Proof of Corollary 3. Considering equations (29) and (30), notice that

wV IT − w?T = xV I1 − x?T = −(xV I2 − x?T ).

Therefore, in order to study the impact of θ on these differences it is enough to compute

∂(wV IT − w?T )

∂θ
= − 1

4(1− θ)2
< 0,

which yields immediately the result stated in the corollary. �

Proof of Proposition 13. It is immediate to verify that X?
T = XV I

T and that P ?T = P V IT . 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. �
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Online Appendix: N downstream firms case

Consider the upstream monopolist (hereafter U) supplying an essential input to N downstream retailers

(each denoted by Di, with i = 1, .., N) that convert each unit of input into a unit of output and compete

by setting quantities. U offers each retailer Di a linear wholesale tariff, Ci , (wi). Hence, when Di sells

xi units of final product, the payment collected by U is wixi.

Following Katz & Shapiro (1985) which features network externalities, the (inverse) demand function

is

P (X,Xe) , max {0, 1 + θXe −X}

where

X ,
N∑
i=1

xi,

is the actual aggregate production, and

Xe ,
N∑
i=1

xei ,

is the aggregate output that consumers expect retailers to distribute.

Vertical separation

Quantity setting stage. For given wholesale prices wi, each downstream firm Di solves

max
xi≥0

(P (Xe, X)− wi)xi. (45)

Differentiating with respect to xi yields the following system of N first order conditions.

P − wi − xi = 0 for i = 1, .., N (46)

substituting the expression for P (X,Xe) and rewriting, we get

1 + θXe −
N∑
i=1

xi − wi − xi = 0.

Summing up these N FOCs and imposing rational expectations yields the total industry output as

X? ,
N∑
i=1

x?i (w) =
N −

(∑N
i=1wi

)
N(1− θ) + 1

. (47)

Substituting the equilibrium total output X∗ in equation (46) and solving for xi, we get the individual

out of firm Di as

x?i (w) , 1− (1− θ)

N −
(∑N

k=1wk

)
N(1− θ) + 1

− wi.
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Similarly substituting X∗ in to the expression for P yields the expression for market price as a function

of linear wholesale prices which is given as

P ? (w) , P (X?, X?) = 1− (1− θ)

N −
(∑N

i=1wi

)
N(1− θ) + 1

 .

Contracting stage. Under linear wholesale prices and vertical separation, U ’s maximization problem

is

max
w1,...,wN

N∑
i=1

wix
?
i (wi, w−i) .

Differentiating with respect to wi, we have

x?i (wi, w−i) + wi
∂x?i (wi, w−i)

∂wi︸ ︷︷ ︸
Margin + Volume effects

+

N∑
j 6=i

wj
∂x?j (w−i, wi)

∂wi︸ ︷︷ ︸,
Strategic Effect (+)

∀j 6= i = 1, ..N. (48)

Computing the derivative of quantities with respect to wi yields

∂x∗i
∂wi

=
(1− θ)

N(1− θ) + 1
− 1,

∂x∗j
∂wi

=
(1− θ)

N(1− θ) + 1
.

Substituting these into the expression in equation (48) and simplifying the expression after imposing

symmetry, we get
1− 2w∗

N(1− θ) + 1
= 0.

From the above, it is immediate that the solution to the above expression is w∗L = 1/2. Substituting w∗L
in the aggregate output expression in equation (47), we get

X∗L , X
∗(w∗L) =

N

2(N(1− θ) + 1)
. (49)

Under the assumption of symmetry, dividing the above expression for aggregate output by N gives us the

output of each firm as x∗(w∗L) = 1
2(N(1−θ)+1) .

The equilibrium profit of supplier U is given as

w∗LX
∗
L =

N

4(N(1− θ) + 1)
.
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Taking the derivative of X∗(w∗L) with respect to θ, we get

∂X∗L
∂θ

=
N2

2(N(1− θ) + 1)2
> 0. (50)

The above expression is positive for all 1 > θ > 0. Therefore, we also demonstrate that supplier profit is

rising in θ as w∗L = 1/2 is constant in θ.

Vertical integration

We now consider the case in which U and D1 merge.

Quantity setting stage. In the second period, for given wholesale contract Cj offered by U -D1 to Dj

for j ∈ 2, .., N , the merged entity and its non-integrated rivals Dj set quantities to maximize their profits.

Specifically, U -D1 solves

max
x1

P (Xe, X)x1︸ ︷︷ ︸
Direct sales

+

N∑
j=2

wjxj︸ ︷︷ ︸,
wholesale revenue

(51)

which consists of profit made through the direct sales channel and the wholesale revenue; while each Dj

for j ∈ 2, .., N solves

max
xj

(P (Xe, X)− wj)xj for j = 2, .., N. (52)

Differentiating the profits of U −D1 as expressed in equation (51) and profits of each Dj as expressed in

equation (52) with respect to x1 and each xj respectively, yields the following system of N equations

P − xV I1 = 0 (53)

1 + θXe −XV I − xV I1 = 0

and

P − wj − xV Ij = 0 for j ∈ 2, .., N (54)

1 + θXe −XV I − wj − xV Ij = 0.

As before, summing the N first order conditions expressed in equations (53) and (54) while imposing

rational expectations yields the aggregate output as

XV I(w2, .., wN ) ,
N∑
i=1

xV Ii =
N −

∑N
j=2wj

N(1− θ) + 1
. (55)

Further, substituting XV I in the market price yields

P V I (w2, .., wN ) , P
(
XV I(w2, .., wN ), XV I(w2, .., wN )

)
= 1− (1− θ)XV I(w2, .., wN ).
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Employing P V I (w2, .., wN ) in the first order expressions in equation (53), yields

xV I1 (w2, .., wN ) ,
1 + (1− θ)

∑N
j=2wj

N(1− θ) + 1
. (56)

Clearly, the quantity distributed by the integrated supplier rises in the wholesale price charged to the

non-integrated rivals.

Similarly, employing XV I(w1, .., wN ) in the expression for the first order condition in equation (54) yields

xV Ij (w2, .., wN ) ,
1 + (1− θ)

∑N
k=2wk

N(1− θ) + 1
− wj . (57)

Comparing equations (56) and (57), it is immediate that xV I1 (w2, .., wN ) > xV Ij (w2, .., wN ).

Further, we solve xV Ij (w2, ., wj , ., wN ) = 0 to obtain the choke wholesale price given as

wj ,
1 + (1− θ)

∑N
k 6=j wk

(N − 1)(1− θ) + 1
for k 6= j ∈ 2, .., N. (58)

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

Contracting stage. U maximizes the sum of D1’s direct sales profit and the wholesale revenue collected

from Dj — i.e.,

max
w2,..,wN

P V I(w2, .., wN )xV I1 (w2, .., wN )︸ ︷︷ ︸
D1’s sale profit

+

N∑
j=2

wjx
V I
j (w2, .., wN )︸ ︷︷ ︸ .

Wholesale revenue

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

∂P (·)
∂Xe

∂XV I (·)
∂wj

xV I1 (·)︸ ︷︷ ︸
Network externalities (−)

+
∂P (·)
∂X

xV I1 (·)
N∑
k=2

∂xV Ik (·)
∂wj︸ ︷︷ ︸

Strategic effect (+)

+

[
xV Ij (·) +

N∑
k=2

wk
∂xV Ik (·)
∂wj

]
︸ ︷︷ ︸

Marginal wholesale revenue (?)

= 0. (59)

Taking the derivative of quantities, as expressed in equations (56) and (57), with respect to wj , we get

∂xV I1

∂wj
=

(1− θ)
N(1− θ) + 1

> 0,

∂xV Ij
∂wj

=
(1− θ)

(N(1− θ) + 1)
− 1 < 0,

∂xV Ik
∂wj

=
(1− θ)

N(1− θ) + 1
> 0 for j 6= k ∈ 2, .., N.

Substituting these comparative statics into equation (59) and simplifying under the assumption of sym-
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metry of unintegrated rivals, (wV Ij = wV I) yields

−2θ + (θ − 1)N(2wV I − 1)− 2((θ − 3)θ + 3)wV I + 3

((θ − 1)N − 1)2
= 0.

Solving the above first order condition for the equilibrium wholesale price yields

wV IL =
N + 3− θ(N + 2)

2 ((N + 3)(1− θ) + θ2)
.

Substituting wV IL into equation (58), we get

wV IL =
N2(1− θ)2 + 3N(1− θ) + 2θ(2− θ)

2((N + 3)(1− θ) + θ2)((N − 1)(1− θ) + 1)

Taking the difference of the equilibrium price and the choke wholesale price, we get

wV IL − wV IL = − (N(1− θ) + 1)θ

2((N + 3)(1− θ) + θ2)((N − 1)(1− θ) + 1)
< 0.

The above expression is negative for all 1 > θ > 0. Hence, we confirm the result that foreclosure does not

occur post-merger.

Further, taking the derivative of wV IL with respect to θ, we get

∂wV IL
∂θ

=
2(θ − 3)θ + (θ − 1)2N + 3

2 (θ2 − θ(N + 3) +N + 3)2 .

The above expression is negative for

N >
1

2

(√
17 + 3

)
and θ >

N + 3

N + 2
−

√
N + 3

(N + 2)2
.

and positive for θ < N+3
N+2 −

√
N+3

(N+2)2
. Therefore, we confirm that the linear wholesale price is inverted U

shaped in θ.

Substituting the equilibrium wholesale price wV IL into xV Ij , xV I1 , XV I and P V I , get

xV Ij =
θ

2 (θ2 − θ(N + 3) +N + 3)
,

xV I1 =
θ + (θ − 1)N − 3

−2(θ − 3)θ + 2(θ − 1)N − 6
,

XV I
L =

−2θ +N + 3

2 (θ2 − θ(N + 3) +N + 3)
, (60)

P V I =
θ + (θ − 1)N − 3

−2(θ − 3)θ + 2(θ − 1)N − 6
.
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It is immediate from the above that xV Ij > 0 when θ > 0. Further, at θ = 0, we observe that xV Ij = 0 for

all j > 1.

Taking the derivative of xj with respect to θ, we get

∂xV Ij
∂θ

=
3 +N − θ2

2 (θ2 − θ(N + 3) +N + 3)2 > 0.

The quantity of the unintegrated rival is rising in θ.

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

effects of the merger.

The pre-merger profit of U is given as

w∗LX
∗
L =

N

4((1− θ)N + 1)
. (61)

The post-merger profit of U is given as

P V I(wV IL )xV I1 (wV IL ) + wV IL xV I2 (wV IL ) =
N + 3

4 (θ2 − θ(N + 3) +N + 3)
. (62)

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

∆Π =
3 +N −Nθ2

4(N(1− θ) + 1) (θ2 − θ(N + 3) +N + 3)
> 0.

The above is positive for all 1 > θ > 0.

Taking the first derivative of this difference in profits with respect to N yields

∂∆Π

∂N
= −(1− θ)(9 + 6N(1− θ)− 9θ + θ2 + θ3 +N2(1− θ)2(1 + θ))

4(1−N(1− θ))2((3 +N)(1− θ) + θ2)2
.

The expressions in the numerator of the fraction are always positive for 1 > θ > 0 and N ≥ 2. Therefore,

we can conclude that the difference in profits falls in N .

Further, taking the derivative of the above expression with respect to θ yields

∂2∆Π

∂N∂θ
=

β

2(1−N(1− θ))3(3 +N(1− θ)− (3− θ)θ)3
.

where β , ((1− θ)2(N4(1− θ)2 +N3(1− θ)(9− 4θ + θ3)− 3N2(9− θ(11− 4θ))) +N(1− θ)(27− θ(58−
θ(59− θ(24− θ − θ2)))) + θ(15− θ(27− θ(16− 3θ)))).

In the above expression, the numerator as well as the expression (3 + N(1 − θ) − (3 − θ)θ)3 in the

denominator are always positive for N ≥ 2 and 1 > θ > 0. Therefore, the sign of the above depends on

the sign of (1−N(1− θ)). This expression is negative for θ < N−1
N and positive otherwise. Thus, we can

conclude that ∂2∆Π
∂N∂θ > 0 for θ > N−1

N and negative otherwise.

Employing the expressions in equation (49) and the expression in equation (60) and taking the differ-
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Figure 1: The sign of ∂2∆Π
∂N∂θ

52



ence in aggregate quantities, we get

XV I
L −X∗L(w∗L) =

−2θ + θ2N − 2θN +N + 3

2(θN −N − 1) (−θ2 + 3θ + θN −N − 3)
> 0.

The above is positive for all 1 > θ > 0.

The expression for consumer surplus is given as

CS =
X2

2
.

Therefore, the difference between the vertical integration consumer surplus and vertical separation con-

sumer surplus can be expressed as

∆CS = CSV I − CSS∗ =

(
(XV I

L )2 − (X∗L)2
)

2
.

=
(3− 2θ +N(7 + 2N − 2(4 +N)θ + 3θ2))(3 +N − 2θ − 2Nθ +Nθ2)

8(1−N(1− θ))2((3 +N)(1− θ) + θ2)2

Taking the derivative of the difference in consumers surplus with respect to N yields

∂∆CS

∂N
=

1

4

(
N − 1 + 2θ

((3 +N)(1− θ) + θ2)2
− (N − 1)(3 +N)(1− θ)

((3 +N)(1− θ) + θ2)3
− N

(1 +N(1− θ))3

)
. (63)

The above expression positive for θ sufficiently large. We plot the region where this occurs for 2 > N > 25

and θ ∈ [0, 1].

Taking the derivative of the difference in consumers surplus with respect to θ yields

∂∆CS

∂θ
=

1

4

(
(3 +N − 2θ)3

((3 +N)(1− θ) + θ2)3
− 2(3 +N − 2θ)

((3 +N)(1− θ) + θ2)2
− N3

(1 +N(1− θ))3

)
> 0. (64)

The above expression is always positive for any 1 > θ > 0 and N ≥ 2.

Taking the derivative of ∂∆CS
∂N with respect to θ yields

∂2∆CS

∂θ∂N
=

1

4

(
33− 8θ −N(3N − 2 + 8θ)

((3 +N)(1− θ) + θ2)3
+

3(N − 1)(3 +N)(3 +N(1− θ)− θ)
((3 +N)(1− θ) + θ2)4

)
−1

4

(
6

((3 +N)(1− θ) + θ2)2
+

3N2

(1 +N(1− θ))4

)
.

The above is positive for sufficiently large θ.
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Figure 2: The sign of ∂∆CS
∂N
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Figure 3: The sign of ∂2∆CS
∂N∂θ
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