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Abstract

This thesis provides a theoretical analysis of how a horizontal merger affects
consumer welfare in digital platform markets. I consider a model of two com-
peting platforms and examine how consumer surplus is affected by a merger
under two possible scenarios: (i) a merger into a joint ownership of the two
platforms, and (ii) the case where the merged entity shuts down one platform.
I find that the merged entity’s decision to keep or not to keep both platforms,
is determined by the scope of the related fixed costs. The analysis shows that
consumer surplus cannot increase as a result of a merger into a joint ownership
of the platforms. In case the merged entity shuts down one platform the effects

on consumer welfare are ambiguous.
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1 Introduction

As more and more economic activities take place virtually, two-sided markets (also
referred to as ‘platform markets’) have become increasingly prevalent. Examples are
e-commerce marketplaces, digital media markets (such as newspapers, magazines
and streaming services), online advertising platforms and online intermediation of
real estate, travels and jobs. At the same time, antitrust authorities have become
increasingly concerned with the high concentration in these types of markets, not
least in the case of horizontal mergers. The aim of this thesis is to analyze how a

horizontal merger affects consumer surplus in digital platform markets.

There are two core attributes that distinguish two-sided markets from standard one-
sided markets. First, there is a two-sided aspect since a platform serves two different
groups of consumers. Second, there are indirect network effects: greater involve-
ment by consumers in one group increases the value of the platform to consumers
in the other group. A platform creates value by internalizing these network effects

and thereby enabling the interaction between the groups.

In the presence of network effects, consumers tend to value larger market players,
sometimes to the extent that all consumers end up joining the same platform (Cail-
laud & Jullien|2003). Two-sided markets therefore tend to be highly concentrated. In
contrast to one-sided markets, less competition may not imply less efficient market

allocations.

While it is widely recognized that the one-sided logic is therefore inappropriate for
the analysis of mergers in two-sided markets, the theoretical literature on the effects
of horizontal mergers in two-sided markets is quite scarce. The focus in both the-
oretical and empirical merger analyzes has often been on the newspaper industry.
The aim of this thesis is to extend this line of research by considering a merger
between digital platforms more generally. My analysis departs from previous theo-
retical attempts to address mergers in two-sided markets in two ways. First, I do not
assume a specific relationship between the consumer groups’ respective preferences

over platform types or intensity of indirect network effects Second, I address the

n [Leonello| (2011) indirect network effects are assumed to be present on only one side of the



incentives for the merged entity to keep both platforms under a joint ownership ver-
sus to shut down one platform and operate the remaining one. In contrast to Tan &
Zhou| (2019) that conclude that merging platforms have no incentives to shut down
one platform, I find that the profits can be higher for a merged entity that shuts
down one platform if the fixed costs associated with the maintenance of a platform

are high.

Fixed costs are indeed of importance in digital two-sided markets. Most online
platform markets are characterized by high fixed costs and near zero marginal costs
(Duch-Brown| 2017). It is therefore relevant to consider the role of fixed costs in
the merged entity’s decision to keep, or not to keep, both platforms. For the same
reason it is plausible to assume that platforms’” incentives to merge are primarily

motivated by savings in fixed costs.

As already mentioned, indirect network effects may lead to a monopoly situation
in platform markets. More platforms can co-exist in a two-sided market when plat-
forms offer differentiated services or when consumers have the possibility to pa-
tronize more than one platform (Evans & Schmalensee|2017). In line with several
previous studies, I consider a merger in a market with differentiated platforms and
assume that consumers of both groups join only one platformﬂ Specifically, I con-
sider a merger between two digital platforms that are horizontally differentiated in
terms of the services they provide and where consumers have heterogeneous pref-
erences over platform types. In markets where consumers of one group only value
a platform by its ability to enable the interaction with consumers of the other group
(as is the case in e.g. e-commerce marketplaces) the horizontal differentiation can be
reflected in differences in layout or other features affecting the platform experience.
In markets where platforms provide content in addition to the ability to interact on
the platform (as is the case in e.g. online advertising markets, the digital newspa-
pers industry or online markets for travel intermediation) the platforms may differ
in what type of content they provide (consider for example two travel intermedi-

ation platforms that offer information on different types of travel destinations and

market. |Leonello| (2011) and |Cosnita-Langlais et al.| (2016) assume that the groups have perfectly

symmetric preferences over platform types
2In the literature, this is referred to as ‘single-homing’ whereas the case where consumers patron-

ize more than one platform is referred to as ‘'multi-homing’.



thereby attract different types of consumers).

Initially, the mere purpose of this thesis was to perform a merger analysis in the
described setting. To derive the pre-merger equilibrium I followed a model of two
competing platforms located at the endpoints of the Hotelling line presented in a
seminal article by Armstrong| (2006). This model is well-established and has been
adapted in previous studies on mergers in two-sided markets. I found that the

model may be inappropriate for a merger analysis unless it is slightly modified.

For a merger analysis to be relevant the competing platforms must share a market
segment where they compete for consumers. In the opposite case, the platforms
enjoy positions as local monopolists and the lack of strategic interaction between
the platforms implies that their profit maximizing strategies will be unaffected by
a merger. In a duopoly setting with platforms located at the extreme points of the
Hotelling line this implies that the assumption of a covered market must be satisfied.
I find that this assumption may be incompatible with the necessary condition for a
unique market sharing equilibrium in the model proposed by Armstrong| (2006)
which had two major implications for the thesis. Firstly, I conclude that the model
is not useful for the analysis of markets where consumers of one group only value a
platform by its ability to enable the interaction with consumers of the other group.
In particular I find that consumers on at least one side of the market must obtain
some benefit from joining a platform in addition to the benefit of interacting on
the platform in order to ensure compatibility between the conditions for a covered
market and the condition for a unique market sharing equilibrium. Such stand-
alone benefits can be motivated if the platforms offer some content in addition to
the provision of interaction possibilities. Second, the finding that the absence of
stand-alone benefits implies a contradiction between these conditions is intrinsically
interesting and the question arises whether horizontal differentiation is sufficient to

explain competition in two-sided markets absent such benefits.

This thesis is therefore divided into two parts. In the first part I present Armstrong’s
(2006) model of competing platforms and show that stand-alone benefits are neces-
sary for an adequate derivation of the pre-merger equilibrium. In the second part I
address a horizontal merger in this setting and derive the post-merger equilibrium

under two possible scenarios: a merger into a joint ownership of the two platforms



and the case where the merged entity shuts down one platform. While my primary
aim is to analyze the effects of a merger on consumer welfare, I will also give some
attention to the results derived in the first part of the thesis. In particular, I dis-
cuss what we may conclude from the observation that the condition for a unique
duopoly equilibrium and the condition for overlapping market areas are contradic-
tory in case users only value a platform by its ability to enable the interaction with

users of another group.

As for the merger analysis, the focus is exclusively on possible impacts on prices
and thereby the consumer surplus. This is motivated by the fact that antitrust au-
thorities tend to use the consumer surplus, and not the total surplus, as the relevant
welfare measure in merger assessments. There are obviously a number of other rea-
sons for why antitrust authorities may be concerned with mergers in concentrated
markets. The EU Horizontal Merger Guidelines mention reduced choice, deterio-
ration in quality as well as reduced incentives for innovation. Such effects are not

considered in this thesis.

The remainder of this thesis is organized as follows. In section 2 I overview the
existing literature on two-sided markets generally, and on horizontal mergers par-
ticularly. In sections 3 and 4, which constitute the first part of this thesis, I present a
model of competing platforms proposed by Armstrong| (2006) and show that stand-
alone benefits for at least one side of the market are necessary for the equilibrium
to be compatible with the assumption of a covered market. Sections 5 and 6 discuss
the choices and the decisions of the merged entity. In section 7 I analyze the effects
of a horizontal merger on the consumer surplus. Finally, section 8 discusses the
main findings and conclusions as well as the limitations of the analysis conducted

in this thesis.

2 Literature Review

The observation that the one-sided market logic is inappropriate to explain the eco-
nomic characteristics of two-sided industries was first made by [Rochet & Tirole

(2003). By combining elements from the literature on network externalities, that



mainly focuses on user adoption and network size, and the multiproduct literature
that stresses product cross-elasticities, the authors laid the foundations for the sub-
sequent literature on two-sided markets. The authors emphasize the price structure
of market intermediaries (or platforms) In particular, they show that both pri-
vately and socially optimal pricing can entail below marginal cost pricing on one
side, and higher markups on the other side because the price structure is set as to
bring both sides of the markets "on board". Other seminal work include Caillaud &
Jullien (2003), Rochet & Tirole (2006) and |Armstrong (2006)H A substantial part of

the recent literature on two-sided markets builds on these early contributions.

Caillaud & Jullien! (2003) analyze platform markets in an environment where inter-
mediaries take the roles as matchmakers. They consider the case where agents have
a higher valuation for a matchmaker with a large pool of agents of the other group
since that increases the probability of a match. It is shown that when homogeneous
intermediaries compete in fixed fees and usage fees, the only equilibrium is that one

of the intermediaries attracts all consumers and that this outcome is efficient.

In other environments agents value a matchmaker by the composition of its pool of
agents rather than its size. Damiano & Li (2008) find that matchmaking platforms
can control the composition of their pools of agents by the sorting role of prices.
The vertical platform differentiation that arises enables two platforms to coexist in
equilibrium. Indeed, vertical and horizontal differentiation are primary reasons for

the occurrence of competition in two-sided markets (Evans & Schmalensee 2017)).

In other settings two different groups of agents may interact through an interme-
diary (or a platform) and the utility of one group increases in the size of the other
group. An intermediary creates value by bringing the two sides together. This ap-
plies for many traditional markets such as the credit card market and flea markets
as well as digitized markets such as e-commerce marketplaces, digital media mar-

kets (newspapers, magazines and streaming services), online advertising platforms

3In an overview article over the early literature on two-sided markets, Rysman|(2009) asserts that
it is indeed the focus on market intermediaries and in particular their pricing strategies that mainly

distinguishes the literature on two-sided markets from the literature on network effects.
*Another influential paper that develops the analysis in Rochet & Tirole| (2003} 2006) is Weyl

(2010) who analyzes monopoly pricing in platform markets. He uses insulated tariffs which allows

for heterogeneity in the agent’s valuation of the interaction on the platform.
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and online intermediation services

The perhaps the most influential article on competition in two-sided markets with
these features is Armstrong| (2006). He considers competition between two interme-
diaries in a Hotelling model of horizontal differentiation. Agents within a group
are assumed to be heterogeneous in their preferences over platform types. He also
assumes that an agent’s benefit from interacting with agents on the other side of the
platform is independent of platform type, and that this benefit is invariant between

agents within the same group.

Most previous studies on horizontal mergers in two-sided markets consider a set-
ting where different groups of consumers interact through a platform and where
platforms offer horizontally differentiated services. The literature on the theoret-
ical welfare effects of horizontal mergers (henceforth only 'mergers’) in two-sided
markets, is quite scarce and the focus in theoretical as well as empirical work has
often been on mediamarkets and in particular the newspaper industry. There are a
number of empirical studies on mergers in two-sided markets that consider these
market-types including [Filistrucchi et al.| (2012), Jeziorski (2014) and [Van Cayseele
& Vanormelingen: (2019)E|

An early and somewhat specific contribution to the theoretical literature on mergers
in two-sided markets is (Chandra & Collard-Wexler (2008). The authors consider
a model of two competing newspapers and two advertisers of differentiated prod-
ucts. Readers are distributed over the Hotelling line and it is assumed that readers’
demand for products and newspapers are correlated. Key to their result is their
assumption of below marginal cost pricing on the reader side of the market. The
advertisers have low willingness to pay for the attention of marginal readers. Hence,
the revenue generated by marginal readers may be insufficient to cover the subsidy
they get by the newspaper. As a result, the duopoly equilibrium may imply higher

prices for both sides of the market than the prices set by a monopolist that internal-

5See [Rochet & Tirole (2003) for a more examples of traditional industries as well as new economy

industries with these features.
SFilistrucchi et al| (2012) study the Dutch newspaper market, Van Cayseele & Vanormelingen

(2019) consider the Belgian newspaper industry and [Jeziorski| (2014) estimates the effects of a merger

in the US radio industry.



izes this effect

Mergers in two-sided markets are analyzed in a similar fashion in [Leonello (2011).
Her model is particularly well suited for the newspaper industry although the anal-
ysis applies more generally to other settings She considers a case where two com-
peting platforms merge into a joint ownership with some degree of interoperability
between the platforms. Specifically, the merged entity offers consumers the possi-
bility to interact with users on both platforms. It is shown that the merger can be
welfare enhancing even absent efficiency gains if the indirect network effects are
sufficiently strong. Cosnita-Langlais et al. (2016) extend her analysis by consider-
ing competition between four adjacent platforms in a spatial model a la Salop. The
authors assume perfectly symmetrical groups of agents and that a merger results
in marginal cost reductions for the platforms that merge. The authors show that a
merger may lead to lower prices in the presence of efficiency gains if network effects

are sufficiently strong.

Chandra & Collard-Wexler (2008), Leonello| (2011) and Cosnita-Langlais et al.| (2016)
all assume that a merger between two platforms implies joint ownership of the two
merging platforms. Correia-da-Silva et al.| (2019) consider the case where the num-
ber of active platforms is reduced as a result of a merger. Specifically, they consider a
merger in a two-sided market where k € {1, ..., K} homogeneous platforms compete
a la Cournot. The extent to which agents on one side benefit from the interaction
with agents on the other side of a platform depends on which of the platforms that
is joined. As a result, the platforms charge different prices but the same external-
ity adjusted prices in equilibriumﬂ It is shown that consumers on both sides of the
market benefit from a merger if the pre-merger externality adjusted prices are below

marginal costs on both sides of the market.

Chandra & Collard-Wexler| (2008) find empirical evidence that supports this result by using data

from the Canadian newspaper industry.
8For instance, she assumes that only one side of the market obtains benefits from the interaction

with agents of the other side and that both groups are symmetrical with respect to their preferences

for platform types.
9Platform k charges price pi-‘ to side i € {1,2} of the market. The externality adjusted price is

defined as p¥ — a;n* ; where ; is the benefit side i obtain from interacting with agents on the other

side of the platform and 7n_; is the number of agents on the other side of the platform.



The choice of the merged entity to either shut down one platform or keep both is not
investigated in the above-mentioned papers, but rather assumed to be exogenously
determined. This issue is in part considered in Tan & Zhou| (2019). They provide
a more general theoretical framework by considering competition between multi-
ple platforms that serve multiple groups of agents. In an illustration of a merger
between two platforms in a market constituted of three competing platforms they
find that the joint profit of two merged platforms is higher than the individual prof-
its in the duopoly setting. Thereby they conclude that a merged platform has no

incentives to shut down one platform and compete with the remaining one.

Similar to Chandra & Collard-Wexler (2008) and Leonello| (2011) I consider a merger
between two competing platforms located at the endpoints of a Hotelling line and
assume that consumers patronize only one platform. While the focus in their studies
is on the newspaper market, I consider a merger between two digital platforms more
generally. In particular I do not assume any specific relation between the preferences
of the consumer groups or between the consumer groups’ benefits from interacting
on a platformm In addition I investigate the choice of the merged entity to shut
down one platform or keep both under a joint ownership. In contrast to [Tan &
Zhou| (2019) I assume that platforms have fixed costs and that fixed costs are higher

for a merged entity that operates two platforms.

19The analysis in Chandra & Collard-Wexler| (2008) is specifically adapted to the conditions in the
newspaper market. |Leonello| (2011) considers the case where consumer groups have equal prefer-

ences and where only one group benefit from the interaction.



Part 1

Duopoly in a two-sided market

3 A model of two competing platforms

The analysis follows a model of competing intermediaries (or platforms) presented
in section 4 in |/Armstrong| (2006). For illustrative purposes, the model will here be
presented in the light of a situation where buyers and sellers interact on the plat-
forms. However, the model applies more generally to other settings where agents

of some group interact with agents of some other group.

Consider two differentiated platforms that compete for buyers and sellers. There
are two sides of the market, a buyer and a seller side that have heterogeneous pref-
erences over the two platform types. Specifically, members of both groups are uni-
formly and continuously distributed over the unit interval according to their pref-
erences over platform types. The two platforms are located at the endpoints of the
interval. To facilitate notation, let the competing platforms be denoted as platform
0 and platform 1 respectively in accordance with their location in the interval. In-
direct network effects are present, so a buyer’s valuation of a platform increases in

the number of sellers on the platform and vice versa.

The situation is modelled as a two-stage game. At the first stage the competing
platforms set their prices simultaneously. At the second stage the buyers and sellers
make a choice to join one of the two platforms, conditional on the prices set by the
platforms and on their respective expectations about the number of participants on
the other side of the platforms. In equilibrium, the expectations of the buyers and

sellers are consistent.

Let pé and p. denote the fixed fees that buyers and sellers are charged respectively
by platform i € {0,1} to join that platform. Let n and né be the respective number
of sellers and buyers that use platform i. The buyer and seller utilities on platform i

(gross of any disutility from not being able to use the most preferred platform type)



that attracts n;; buyers and ! sellers are given by:

vé = néocb - pé 1)
vl = njas — p )

where parameter x;, > 0 denotes the benefit a buyer obtains from interacting with
a seller on the same platform and similarly, parameter a; > 0 is the benefit a seller
obtains from interacting with a buyer on that platform. The parameters a}; and a5
thus measure the indirect network effects for buyers and sellers and are indepen-
dent of which platform the groups interact on. Note that these specifications imply
that consumers of one group only value a platform by its ability to enable the in-
teraction with consumers of the other group and that platforms are perceived as

homogeneous with respect to their provision of interaction possibilities.

Buyers and sellers incur a transportation cost when joining a platform that increases
linearly in their distance to the platform at rate 7, > 0 and 7; > 0 respectively. This
transportation cost is to be interpreted as the buyers” and sellers’ respective disutility
from not being able to choose their most preferred platform type, and is a measure
of the perceived horizontal differentiation between the two platforms. Since plat-
forms are perceived as homogeneous in their provision of interaction possibilities,
horizontal differentiation can in this context be reflected in differences in layout
or other features that affects the platform experience but are insignificant for the

intrinsic benefit of the interaction.

Following Armstrong’s (2006) specification of user gross utilities on the platforms
given in (I) and (2), the net utility for a buyer located at x € [0,1] from using plat-
form 0 and 1 is given by U} (x) = o) — x7, and U} (x) = v} — (1 — x) 7, respectively.
Analogously, the net utility of a seller located at y € [0, 1] from using platform 0 and
1 is given by U%(y) = v? — y7s and Ul (y) = v} — (1 — y) 15 respectively.

Users participate in the market whenever the net utility (henceforth only ‘utility”)
from joining a platform is non-negative. If both platforms yield non-negative utility
then users will join the platform that generates greater utility. Provided that every
buyer and seller is active in the market, there is a buyer and a seller in [0, 1] that is
indifferent between joining platform 0 or 1. These agents get the lowest utility from

participating in the market and it follows that the market is covered if their utility
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from joining a platform is non-negative. Armstrong|(2006) assumes that every buyer
and seller obtains a sufficiently high level of utility from participating in the market
to ensure that the market is covered. The total number of buyers is then n) + n} = 1

and the total number of sellers is given by n! + n! = 1.

Note that a covered market implies that the platforms share a segment of the market
where they compete for buyers and sellers. In the opposite case where parameter
values are such that the indifferent buyer and seller obtain negative utility and
thereby abstain from market participation, the platforms enjoy positions as local
monopolists. From a competition policy perspective, this is not a relevant case to
consider since the lack of strategic interaction between the platforms implies that

the equilibrium would not be altered as a result of a merger.

Now, let the indifferent buyer be located at £. Then:

) = u)(2) = o) — &1, = vp — (1 - 2)1, = UL(%) = U}

1 -0
&S X== 3
S ™ ®)
Correspondingly, the indifferent seller is located at:
1 -0l
f_ 1 4
V=511 @

The market is covered if the indifferent buyer and seller obtain non-negative net
utility from market participation. Hence, every buyer participate in the market if
ud(£) = Uj(£) = U, > 0. Similarly, all the sellers participate in the market if
ud(y) = U(9) = Us > 0.

It follows that the market is covered if:
— %), >0 5)
Uszvg—yATS:vg—( -9t >0 (6)

Substituting for £ and 7 in (5) and (6) yields:

0 1
N Uy + 0 — T
4 b 2 bZ

(1 = - )
0., 1 _
GS:WZO (8)



Now, using the expressions given in (I) and (2) in the inequalities in (7) and (8), and
using that ng + nll] = 1and n? + n! =1 gives:

N may—phniay—pp -1 ap— (ph+py) — T

0, = = >0
2 2

o My — Pl mas —ps =T as— (p4pl) — T

0, = 5 - > >0

It follows that, the market is covered when the parameter values are such that the

full market participation constraints, FMPCB and FMPCS, are satisfied:

—(Ph+pp) — =0 (FMPCB)
—(p+pi) -1 >0 (FMPCS)
If this is the case, then every buyer located in [0, £] chooses to join platform 0, and

every buyer located in (%,1] chooses to join platform 1. The demand for platform

0 (equivalent to ”b' the number of buyers that use platform 0) is thus given by

n) =% = : +2 2T  and the demand for platform 1 (i.e. n}, number of buyers that

0
use platform 1) is given by nb =1-2%= 2 42 27 Analogously, the number of

sellers that joins platform 0 is given by n! = § = 2 + vs vg , and the number of
17 0
sellers that joins platform 1 is given by n! =1 —§ = 3 + %=

Hence, the number of buyers and sellers that chooses to join platform i is given by:

T
i b b
——_ 4 b b 9
m=at o ®
. 1 i _ i
n, = 5"’% (10)
S

We can now derive the respective demands for platform i for buyers and sellers,
conditional on their respective expectations of the number of participants on the
other side of the same platform. Using (1) and H and the fact that n}, =1 — n, and
ni =1—ng;'in @) and yields:

1 1

() = 3 + 5 (20— Dy = (v = p, )] (11)

() = 5 + oo (2~ Das = (o = ) (12)
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From and it can be noted that the buyers” demand for platform i depends
on the expected number of sellers on platform i and correspondingly, the sellers’
demand for platform i depends on the expected number of buyers on that platform.
We notice that a market sharing equilibrium requires some degree of product dif-
ferentiation. In the extreme case with homogeneous platforms (1, — 0 and 7, — 0)
the ratios 217;; and ZLTS become infinitely large. As has been concluded by (Caillaud &
Jullien| (2003), the only equilibrium in a setting with homogeneous platforms is that

one platform attracts all agents.

By solving the equation system and we get the expressions for the consis-

tent expectations equilibrium number of buyers and sellers:

1 ap(psi—pl) +7(p, ' —ph)

i_ —

W= 2(1pTs — aps) 13
1 as(p, = p) +Fwlps - pl)
r_

When the indirect network effects are sufficiently weak in relation to the degree of
product differentiation, such that 7,75 > apas, the number of buyers and sellers on
a given platform are decreasing functions of the user fee charged by that platform.
The network size is then monotonically decreasing in prices and there is a unique
demand level at any given price. The condition that 7,75 > apas ensures that two
platforms can be active in the same market, and will henceforth be referred to as the
Market Sharing Condition (MSC)E

TpTs > Apls (MSCQ)

Assuming that platform i has constant marginal cost, ¢, and cs, of providing the ser-
vice to buyers and sellers we get the following expression for the profit of platform
i

IT' = (pl — cs)nl + (pl, — cp)ni, (15)

1When agents have heterogeneous preferences for the platform type and there are strong network

effects, such that 7,7 < apas, the number of participants on each side of the market is an increasing

ap (ph—ph)+7s (Pl —p)) as (ph—p}) + 1 (pE—pb)
2<0CbﬂLS—TbTS) Z(Déhﬂés—ThTs)

function of the price: ni = 1 + ,and nl = 1+ . There are then

multiple equilibrium network sizes and the interior equilibrium, where né, né € [0,1], is unstable,
whereas ni,n! = 0 and ni,n. = 1 are stable equilibria. This creates tipping effects and a situation

where one of the platforms in the market attracts all the users (Belleflamme & Peitz|2010).

13



The competing platforms anticipate the buyers and sellers behavior and choose their

prices simultaneously. Thus, platform i solves the following problem:

max IT' = (pi —cs)(l—k as(pbi_pé)+7b(Psi_Pé)>

Pl 2 2(TpTs — apits)
- 1 ay(ps’ = pl) +7(p, ' — pl)
1
) (= 1
+(ph =) (2 + 2(TyTs — apits) ) (16)
The first order conditions are:
orr’ <1 s (py ' — pp) + w(ps’ — pé)>
apl 2 2(TpTs — apits)
C i) mp—e)
2(pTs — apis)  2(TpTs — apits)
— 1 N asp, ' — pylas +ap) + 1 (ps" — 2ps + ¢s) + apcy _0 a7
T _ (1 ay(ps’ = pY) + (' — Pé))
apé 2 2(pTs — apits)
_ wsm—e)  alpi-o)
2(tpTs —apes)  2(TpTs — apls)
PN 1 + apps ' — pe(ap +as) + Ts(p, " —2p), + cp) + ascs _0 (18)
The second order conditions are:
ZHi
J = <0 (19)
op}, TpTs — Kpls
91T
-1 <o (20)
opL TpTs — Apls
) ) aZHi aZHi aZHi 2
I
Ipy?  Ops Ip},ops
2 _ 2
_ TsTp . (ap + as) - 41,75 — (ay +oc52) S0 @)
(TpTs — apes)?  4(TpTs — apas) 4(TyTs — apis)

14



Conditions and hold by the Market Sharing Condition, (MSC). Condition
is satisfied if, and only if:

47y Ts > (ap + ag)? (EC)

This is a stricter restriction on the indirect network effects than (MSC). It follows
that it is necessary and sufficient that is satisfied for and the second
order conditions for a maximum to hold, and this condition is therefore referred to
as the Equilibrium Condition (EC)H

If holds, platform i’s profit maximizing choice of prices (pé, pl), given the com-
bination of prices set by the competing platform, is an interior critical point for
platform i’s profit function. Platform i’s best response to its competitor’s prices can
then be solved from the system of first order equations and (I8).

By imposing symmetry, p} = p, i = py and pi = p; = ps, Armstrong (2006) finds
that:

1 —appp — ps + Tes + apcp

S+ —0

2 2(TTs — apits)

o
= ps =0+ Ts — T—:(as +pp—cp) (22)

1 _asps - Tspb + Tscb + “sCs .

S+ —0

2 2(TpTs — aps)

14
= Pb =Cb+Tb—;s(“b+Ps—Cs) (23)

S
Solving the system of first order equations yields:

pS = Cs + TS - ab (24:)
Py =Cp+ Ty — s (25)

Now, the equations in and reduce to:

ni = (26)

(27)

0 ~.

n

NI =N =

12(EC) corresponds to assumption 8 in |Armstrong| (2006) and is assumed to hold throughout the

analysis.
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In a symmetric equilibrium each platform will serve an equal share of buyers and

sellers.

The derived equilibrium is consistent with the assumption that the platforms share
a market segment if the parameter values are such that the market is covered in
equilibrium. Recall the constraints for a covered market, (FMPCB) and (EMPCS). By

inserting the equilibrium prices set by the platforms into these expressions we obtain

the restrictions on the parameters such that the market is covered in equilibrium:

ap 4205 — 31 —2¢c5 > 0 (FMPCB*)
as + 20, — 375 —2c5 > 0 (FMPCS*)

Hence, conditions (FMPCB*) and (FMPCS¥), together with (EC) must be satisfied in

this model. By solving these conditions for a5 we getﬁ

3 1
Qs = 5Ty +Cp — 5% (28)
DCS < 2\/ TbTS - DCb (30)

For fixed values of 1, T, ¢; and cs, the conditions can be illustrated graphically in
(ap, s)-plane. In Figure 1 below, 7, and 15 are set to 7, = 7, = T, where T is some

positive constant, and ¢, and cs are set equal to 0.

13The inequality in is equivalent to 1D since &y, a5, T, Ts > 0.
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Figure 1

Xs
37 - as =
FMPCS*
%T b \ \\
) FMPCB*
(0,0) S &p
EC

The shaded area below the dashed line represent the set of combinations of (a;, &)
for which the Equilibrium Condition (EC) is satisfied. The light shaded area above
the full market participation constraints for buyers and sellers represents the set
of combinations of (&, as) for which the market is covered. Notice that any pair
(ap, as) that satisfies is incompatible with a covered market.

When assuming that marginal costs for serving both sides of the markets are pos-
itive, the intercept of the full market participation constraints of buyers and sellers
increase. The result is an upward shift in these constraints, further away from the
set of combinations of («ay, as) for which is satisfied.

The presentation in Figure 1 assumes that buyers and sellers are equal with respect
to their preferences for platform type. Nonetheless, it can be shown that there exist

no parameter values such that the conditions for a covered market in equilibrium,

(EMPCB*) and (FMPCS*); and the necessary and sufficient condition for a unique

market sharing equilibrium, (EC); are compatible. The result is summarized in

Proposition 1.

Proposition 1 The second order conditions for an interior solution in the model proposed
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by |Armstrong| (2006) are not compatible with the assumption of a covered market in equilib-

rium.

Proof. See appendix n

The result is not surprising. Firstly, in case consumers of one group only value a
platform by its ability to enable the interaction with consumers of the other group,
then indirect network effects must be sufficiently high in relation to the degree of
platform differentiation to ensure that the platforms’ share market areas. Second,
consumers perceive platforms as homogeneous in their provision of interaction pos-
sibilities. As mentioned in the beginning of this section, horizontal differentiation
can in this context be reflected in differences in for example layout or similar fea-
tures. There is no reason to assume that consumers of any group have very strong
preferences for one platform or the other in such contexts. This conflicts with the
requirement that the degree of platform differentiation must be sufficiently high to

ensure a unique market sharing equilibrium.

The model presented by Armstrong (2006) is then not very useful for a merger
analysis. One way to ensure that the second order conditions for an interior solution
are compatible with the conditions for a covered market is to assume that buyers
or sellers obtain some benefit from using a platform independently of the number
of agents on the other side of the platform. This is motivated when platforms
provide additional content that consumers value. While this precludes an analysis
of mergers in markets that lack such features like most e-commerce marketplaces,
there are many other digital platform markets where the assumption fits. Examples
include digital newspapers and magazines, online advertising platforms (such as
blogs and online streaming markets) or platforms providing intermediation services
as well as information to users (consider for example online travel intermediaries
that provide users with information on travel destinations while also enabling the

interaction between travellers and accommodation providers).

In the following section I extend the buyers” and sellers’ respective gross utilities
from using a platform with a constant benefit representing users” valuation of the

intrinsic quality of a platform. It is shown that when such stand-alone benefits are
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present, the benefits from interacting on a platform can be lower and still ensure
full market participation. In this case, the conditions for a covered market and the

second order conditions for an interior solution can hold simultaneously.

4 Introducing stand-alone benefits

Consider the model presented in the previous section, but now suppose that buyers
and sellers also obtain a constant, non-negative, stand-alone benefit from participat-
ing on a platform, and that this benefit is independent of the number of participants
on the other side of the platform. This is to be interpreted as the benefit users obtain

by the platforms’ provision of some additional content.

Letting a user’s stand-alone benefit from using a platform be independent of which

platform is joined, the gross utilities (1) and (2) on platform i expands to:

wé =58y + néocb — pé (31)

w' = ss + néas — pé (32)

where s, > 0 and ss > 0 denote the stand-alone benefit that a buyer and a seller

derive respectively from joining any of the two platforms.

Recall that buyers and sellers are continuously and uniformly distributed over the
unit interval according to their preferences over platform types and that the two
competing platforms are located at the extreme points of the interval. In this con-
text, platforms may be differentiated in terms of how the provided content appeals
to consumers. Newspapers that serve readers and advertisers may for example
differ in terms of political position, travel intermediaries may provide information
on different types of travel destinations and blogs can be differentiated in terms of

content and thereby attract different types of readers and advertisers.

A buyer and a seller will choose to join the platform that yields the highest utility.
As before, the indifferent buyer and seller is located at £ and § respectively. By the

modified specifications of the gross utilities it follows that the respective location of
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the indifferent buyer and seller is given by:

1w —w)

x=§+ bZTbb (33)

1w —wl

J=5+—5— (34)
S

As long as every buyer derives non-negative utility from joining a platform, every
buyer located at x € [0, %] chooses to join platform 0, and every buyer located at
x € (%,1] joins platform 1. Similarly, when every seller obtains non-negative utility
from participation, then all sellers located at y € [0, 7] choose to join platform 0, and
every seller located at (7, 1] joins platform 1. The number of buyers and sellers that

join platform i is then given by:

my= o+ @} o (35)
T % (36)
Now using and in and (36):
n§;=%+né“b_p;’_2(;"_i“b_pb_i)=%+—U§’2_T:b_i (37)
nk = % + ks — P _2(Zb s = ps) — % + v 2-:5 i (38)

where the last equalities follow from the definitions in (I) and (). Note that
and are identical to (9) and (10). As a consequence, the subsequent steps in the
derivation of the consistent expectation equilibrium network sizes and the equilib-
rium duopoly prices will be identical to the corresponding steps in section 3| Hence,
when the gross utilities on the platform are extended with stand-alone benefits the
equilibrium duopoly prices and network sizes will nevertheless be given by (24),
[25), and (27), repeated here for the convenience of the reader:

Ps = Cs + Ts — &y

Po=2Cp+ Tp — &s



In section 3| it was established that the equilibrium is characterized by these equa-
tions when the market sharing condition and the second order conditions for a
maximum are both satisfied and that this is the case if and only if the Equilibrium
Condition hold. It should be evident that this applies also in the case with

extended gross utilities.

So far, the analysis based on the gross utilities in and has been identical to
the analysis in section |3l What is different is the utility of the indifferent buyer and
seller. Recall that platforms have an overlapping market area where they compete
for buyers and sellers only if the market is covered and that this is the case when

the indifferent buyer and seller obtain non-negative utility from joining a platform:

U, =w) — 21, =wp — (1 —%)7, > 0 (39)
U =w? — gt =w! —(1-9)15>0 (40)

We can use the expressions for the location of the indifferent buyer and seller, (33)
and (34), into the expressions above:

0 1_
N Wt w, — T

U, = 5 >0 (41)
R A
Us = =—F——20 (42)

Using and 1) and the fact that ng + n; =1land n?+n! =1in and
yields:

= (P ) — T+ 2s
a, = (Py sz) b2 3)
lj[s — Dés_(pg+p251,)_Ts+255 ZO (44)

Hence, a covered market implies that the extended full market participation con-

straints are satisfied for buyers and sellers respectively:
ap— (Ph+pp) — T +25 > 0 (FMPCB?)
as — (pd + pg) — T + 255 > 0 (FMPCS2)

Inserting the equilibrium prices and the corresponding network sizes into the full

market participation constraints (FMPCB2) and (FMPCS2) gives:
ap 4205 — 37+ 2(sp —¢p) >0 (FMPCB2%)
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It should be evident that, unless both s, and ss; are equal to O the restrictions on
the parameters such that the market is covered in equilibrium given by
and are less restrictive than the corresponding conditions in section 3:
(FMPCB*) and (FMPCS¥). Hence, if stand-alone benefits are sufficiently large for at
least one side of the market, there exist parameter values that satisfy the conditions
for a covered market in equilibrium, (FMPCB2%¥) and (FMPCS2%), and the necessary

and sufficient condition for a unique market sharing equilibrium, (EC).

The intuition is that if stand-alone benefits from using a platform are sufficiently
high for at least one of the groups, the indirect network effect can be lower for
that group and still ensure full market participation. The upper restrictions on
the indirect network effects given by can then be consistent with full market
participation for both groups.

For fixed values of 13, T, ¢}, ¢s, Sp and sg, the conditions (FMPCB2%), (FMPCS2%) and
(EC), can be illustrated graphically in («p, as)-plane. Solving for as in (FMPCB2)

and (FMPCS2%) yields:

3 1
s > 5T — (sp—p) = 5 (45)
as > 3T — 2(ss — ¢5) — 2a (46)

Figure 2 below illustrates the conditions in (&, as)-plane in the case when buyers
and sellers are equally differentiated and the stand-alone benefits are higher than

marginal costs for both sides of the market:
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Figure 2

Ks

[stfxb

NFMPCS2*

. FMPCB2*

The shaded area below the dashed line is the set of combinations of («;, as) for which
condition is satisfied; and the shaded area above the full market participation
constraints is the set of pairs («}, as) for which the market is covered. From Figure
2 it can be observed that sufficiently high positive stand-alone benefits decrease
the intercepts of the full market participation constraints of buyers and sellers and
there is an overlapping segment where the full market participation constraints and
condition are satisfied simultaneously. The darkest shaded area in the figure
represent the set of combinations of («;, a5) for which all conditions are satisfied for

fixed parameter values.

Now suppose instead that only one side of the market, say buyers, obtain a stand-
alone benefit from using the platform. Again, we can illustrate the conditions for
a covered market together with the equilibrium condition in (ay, xs)-plane for fixed

values of the other parameters.

Figure 3 below illustrates the case where buyers and sellers are equally differenti-
ated, stand-alone benefits for sellers and the marginal costs of serving the seller side
of the market are zero, and the stand-alone benefit for buyers exceeds the marginal

cost of serving the buyer side of the market.
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Figure 3: 1, = 75

3TS 1 “S — “b
AN FEMPCS2*

FMPCB2*

When buyers obtain sufficiently high stand-alone benefits from joining a platform,
the intercept of the full market participation constraint for buyers decreases. For
any given value of «s, the benefit buyers obtain from interacting on a platform, &y,

can now be lower and still ensure that every buyer participate in the market.

There is an overlapping segment, represented by the darkest shaded area, where all
conditions are satisfied. Interestingly, the conditions are all satisfied for parameter

values such that aj, > & in the case that buyers and sellers are equally differentiated.
We conclude the following.

Proposition 2 Sufficiently large stand-alone benefits for at least one side of the market are
necessary to ensure that the second order conditions for an interior solution are compatible

with the conditions for a covered market.

In case only one group k € {b,s} obtains stand-alone benefits from joining a platform the

following conditions must hold:

3
s> 5 (VT = V) + et s (47)
3T 4+ 2c_—4/T7 <0 (48)
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Proof. See appendix ]

Having established that the equilibrium is consistent with the assumption of a cov-
ered market in the presence of stand-alone benefits we can now proceed with the

analysis of a merger in markets where such benefits are present.

Part 11

A horizontal merger

Suppose that the two competing platforms described in the previous section merge
into a monopoly. I will assume that a merger between the two firms does not lead
to a reduction in marginal costs of serving the two sides of the market for any of
the platform types, 0 and 1. Any gains from the merger are assumed to be due to
reductions in fixed costs. These presumptions are motivated by the fact that fixed
costs are typically high while marginal costs are typically low in digital platform
markets. It is therefore reasonable to assume that the effect on marginal costs from

a merger are negligible and that any gains are motivated by savings in fixed costs.

5 The choices of the merged entity

If the two firms merge the market becomes a monopoly. I assume that platforms’
location do not change as a result of a merger which implies that platforms continue
to offer the same services. Consumer preferences over platform types are unaffected
by the merger. Now suppose the merged entity can choose to either shut down one

of the platforms or to keep both platforms under a joint ownership.

Let the monopoly profits of a single-platform monopolist and a two-platform mo-
nopolist be denoted IT{* and IT} respectively. The merged entity will choose to shut

down one platform if, and only if, IT{" > IT7'.
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5.1 Single-platform monopoly

The profits of a single-platform monopolist that charges fixed fees to users that

participate on the platform is of the form:

I = (ps — cs)ns + (pp — cp)p — f1 (49)

where f; is the monopolist’s fixed costs.

In this setting there is only one platform in the market that buyers and sellers can
choose to join. As before, the preferences of buyers and sellers are uniformly and
continuously distributed over the interval [0,1] and the gross surplus of a buyer
and a seller on the platform are again given by and (32). Suppose that the
monopolist chooses to shut down platform 1 so that the only platform in the market
is located at 0. As before, the net utility of buyer located at x € [0,1] is given by
U, = wy, — xT, from using the platform, and a seller located at y € [0, 1] obtains net
utility Us; = ws — yTs from joining the platform. A buyer located at x € [0, 1] chooses
to join the platform if U, = w;, — x7, > 0 and a seller located at y € [0, 1] chooses to
join the platform if Us = ws — yts > 0.

At initial pre-merger prices, the monopolist serves half of the market. When plat-
form 1 is shut down, buyers and sellers located in (3,1] will join the monopolist’s
platform if it yields non-negative utility, and abstain from usage otherwise. I will
consider the case when it is optimal for the monopolist to serve the whole market.
The consumers located in (3, 1] will join the monopolist’s platform if the price is suf-
ficiently low to compensate for the disutility arising from joining a less preferable
platform. In addition, buyers must expect that a sufficiently large number of sellers
choose to join the platform and vice versa. These expectations must be considered

in the price setting of the monopolist for the analysis to be complete.

The buyer that is indifferent between joining the platform and abstaining participa-
tion is located at £:

Hb:wb—ﬁrb:0<:)£:% (50)
b

The indifferent seller is located at #:



All the buyers located in [0, £] and all the sellers located in [0, ] choose to join the

platform. The number of buyers and sellers that participate on the platform is thus

given by:
N Wy
pu— = — 2
mp=%= (52)
. Ws
ne=§=— (53)

By using and in the expressions above we obtain the number of buyers and
sellers conditional on their expectations about the number of participants on the

other side of the platform:

_ Syt apns — pp

ny T (54)
ny = Ss“‘sfﬂ (55)
S

Solving the system of equations gives the fulfilled expectations equilibrium number

of users on the platform:

Ts(Sp — pp) + &p(Ss — ps)

= 56

" TpTs — Kpls (56)

e — Tb(ss_ps)+“s(sb_pb) (57)
s Tst - lxbas

The monopolist anticipates the behavior of the buyers and sellers and solves:

1
max I = Py [(Ps —¢s)(T(ss — ps) +as(sp — pp))
+ (po— o) (ts(su — po) + aw(ss = ps)) | = i (59)

The derivation of the optimal prices and the conditions for when it is optimal for
the monopolist to serve the entire market is tedious and is therefore relegated to ap-
pendix The profit maximizing monopoly prices coincide with full participation

in equilibrium when:
27 (55 — ¢5) + (ap + ) (sp — ¢) > 41T — (@ + a5)°? (59)
275(sp — cp) + (a0 + as) (85 — €5) > 41T — (s + as)? (60)

It is only optimal for the monopolist to serve the entire market when the total bene-
fits from joining a platform are sufficiently high for both buyers and sellers relative

to their degree of platform differentiation.
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The monopoly prices are then:

Po="5Sp+ap—Tp (61)
Ps = Ss + s — Tg (62)

The monopoly profits are then given by:

1= (sp+ap—1—cp) +(ss+as — T —cs — f1)

=Sp+Sstas+a,—T—Ts—c,—cs—f1 (63)

5.2 Two-platform monopoly

The profit of a two-platform monopolist that charges fixed fees is of the form:

I = (pf — c)nl + (pp — o)y + (ps — ) + (pp—co)my, — fo (64)
where f is the fixed costs of the two-platform monopolist.

It is assumed that f, > f;. A substantial part of the fixed costs, in particular in the
digital economy, arise from capital costs and costs related to research and develop-
ment (R&D) and the maintenance of a platform (Duch-Brown [2017). It is logical to
assume that the fixed costs of a monopolist operating two platforms are at least as

high as the fixed costs of a single-platform monopolist.

As before, buyers and sellers are uniformly and continuously distributed over the
interval [0, 1] with respect to their preferences, and the platforms are located at the
extreme points, 0 and 1 respectively. At initial, pre-merger, prices, the monopolist

serves the entire market where each platform serves an equal share of consumers.

I will again consider the case where it is profit maximizing for the monopolist to opt
for a covered market. Since marginal costs are unaffected by the merger there is no
reason to assume that the monopolist will charge asymmetric prices. Hence, p; =
p% = pp and p! = p? = ps. Recall that under full market coverage, symmetric prices
imply that the consistent expectations equilibrium network sizes always equals

for both sides of the market. That is, platforms serve an equal share of buyers and
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sellers in equilibrium. The best the monopolist can do is then to set the highest

prices that the indifferent buyer and seller can accept, that is, the price that gives

the indifferent users zero utility.

By the full market participation constraints, (FMPCB2) and (FMPCS2), it then fol-
lows that the utility of the indifferent buyer and seller is given by U, = %[ab —2py —

T, + 25p] and Us = %[as — 2ps — Ts + 2s;] respectively. The two-platform monopolist

will set the fees according to:

1
—[ab—2pb—rb+25b] =0

2
1
= pp = 5l — 5 +25)
1
E[“S _2p5 _TS +255] :0

1
e ps — E[DCS _T5+255]

The monopoly profit of a two-platform monopolist is then:

1 1 1 1
I = (ps — Cs)i +(pp — Cb)i + (ps — Cs)§ +(pp — Cb)i —f2

= (ps—cs)+(pp—cv) = f2
= (Gl =% +25) ) + (3la — 1+ 250 — @) — fo

1
:E(“s‘f’“b_'fs_Tb)+55+5b_cs_cb_f2
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6 The decision of the merged entity
The merged entity is better off shutting down a platform and keeping only one, if
and only if:

' =as+ap — T — T+ 5 +8s —Ccp — s — f1 >

(s +ap —Ts —Tp) +Ss+5p — s — cp — fo =11}

N| =

1
<:>§<065+06b—T5—Tb)+f2—f1 >0
= astay—T—T+2(f—f1) >0 (68)

Since f, > f; the last term on the left hand side of the inequality sign is always

non-negative. In particular, the following holds.

Proposition 3 Let Af = f, — f1 denote the difference in fixed costs. The merged entity will

choose to shut down one platform if, and only if:
1
Asz(Tb—l—Ts—ocb—txs) (69)
and keep both platforms under a joint ownership otherwise.

Also, the merged entity will choose to keep both platforms for any parameter values that
satisfy the conditions in the model if:

A < (VT — V) (70)

Proof. The expression in follows from the definition of Af and the inequality in
(63).

By condition (EC) it follows that, for any 1, 75, &p, &5 > 0:

Tb—l—Ts—tXb—Dés>Tb—|—Ts—2\/TbT5:(\/T_—\/?S)z

This implies that it is necessary that the following condition is satisfied for to
hold:

A > 5 (VT — VB 71)
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From this it follows that can never hold if:

A < 5(VT— VB @)

First, note that in absence of fixed cost (Af = 0), condition will always hold.
Hence, in case there are no fixed costs, the merged entity always choose to keep

both platforms which coincides with the conclusion in [Tan & Zhou (2019).

Second, we observe that a merged entity is more likely to keep both platforms if the
difference in fixed costs is small. If a merger is associated with large savings in fixed
costs, the merged entity is more likely to choose to operate both platforms under
a joint ownership. However, by condition it can be noted that if the indirect
network effects are strong in relation to the buyers” and sellers” degree of platform
differentiation, then it may be more profitable for the merged entity to shut down

one platform even for small differences in fixed costs.

From condition it can be noticed that in case there are large asymmetries be-
tween the buyers’ and sellers” degree of platform differentiation, the merged entity
is better off keeping two platforms even when the cost of maintaining a second

platform is large.

7 Merger analysis

I will analyze how the merger affects the consumer surplus. As mentioned in the
introduction this is an appropriate focus since antitrust authorities tend to use the

consumer surplus as the relevant measure of welfare in merger investigations.

In order to examine the effects of a merger on the consumer surplus it is necessary
to derive the consumer surplus in the pre- and post-merger state. The consumer

surplus is the sum of the total buyer and seller surpluses:

CS = BS + S5 (73)
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where BS and SS denote the buyers” and sellers’ respective surpluses. The total
surplus of a group is given by the sum of each group-member’s net surplus from

joining a platform.

Recall that buyers and sellers are continuously and uniformly distributed over the
unit interval. Platforms are located at the endpoints of the interval in the case there
are two platforms in the market. Recall also that the share of buyers and sellers that
joins platform 0 is given by ng and n? respectively, and the proportion of buyers and
sellers that joins platform 1 is given by n; = 1 —n) and n} = 1 — n! respectively.
The net surplus of a buyer located at x € [0,1)] is given by U = w) — xT;, and the
net surplus of a buyer located at x € (n),1] is given by U} = w} — (1 — x) T,

The total buyer surplus is given by the sum of the net surpluses of all individual
buyers that use platform 0 and 1. Hence, the total buyer surplus when there are two

platforms in the market is given by:
né . 1 .
BS, = / Ui (x)dx + / U (x)dx
0 nj,
no 1 .
= / (wy, — x13)dx + / (w," — (1 —x)1p)dx
0 ny

n . , 1 , ,
= /0 "(sp+ iy — p, — XTp)dx + /ni (sp+ng'ay—p,' — 1 +x1)dx  (74)
b

Analoguously, the total seller surplus is given by:
né . 1 .
55 = | Uiy + [ U (w)ay
g
ni 1 )
= | @l =y + [ @5 = (1 - y)m)dy
s

nk . . 1 . )
— /o (ss +nyas — ps — yTs)dy + /i (ss + 1y s — p5' — T +yw)dy  (75)
ng

In case there is only one platform in the market that is located at one of the endpoints

of the unit interval, the total surplus of buyers and sellers is respectively given by:
o o nl , ,
BS; = / Uy (x)dx = / (w}, — xTp)dx = / (sp + nsap — pp, — x7p)dx (76)
0 0 0
and

1 n1

Vlé . ng . s ] i
5S4 :/O u;(y)dy:/o (w;—yrs)dyz/o (s +mpas — ps —yw)dy  (77)
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7.1 Pre-merger surplus

To obtain the pre-merger buyer and seller surpluses we insert the duopoly prices,
4) and (25), and corresponding network sizes, (26) and (27), in (74) and (75):

1
2 1
BSP™® = /02<5b + EDC;, —(cp+ 1 —as) — XT3 )dx

1 1
+ ﬁ (sp + 7% — (cp+ T —as) — T + x73)dx
2

1
2 1 1 1
:/()z(sb+§o¢b+ocs—cb—Tb—xrb)dx—}—/l (sb+§ocb—i—zxs—cb—2rb—|—x’fb)dx
2

1 5
=sptoaptas—c— 7 (78)

1

2 1
gspPre — /02(55 + Eﬂés - (Cs + T — “b) _yTS)dy

1 1
+/1 (55 + 50‘5 - (Cs + T — “b) — T +yTS)dy
2

N|—

1 1 1
= /0 (ss + 54 +ap—cs—Ts —yYTs)dy + /1 (ss + Sl +ap —cs — 2T + yTs)dy
2
1 5
=S+ szs +ap —cs — ZTS (79)
The pre-merger consumer surplus is given by the sum of the buyers” and sellers’
pre-merger surpluses:

5
CSP™® = BSP™ + SSP"® =5 + 55 + 3 ap+as) — (cp +¢5) — Z(Tb +17)  (80)

5
7.2 Post-merger surplus

721 Two-platform monopoly

To obtain the buyer and seller surpluses under a two-platform monopoly we insert

the monopoly prices given in 1} and and the network sizes, nll, =nl = n% =

n —Z,m and.
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1
t 2 1 1
BSSOS = /0 (sp+ 5% — E(ocb — Ty + 25) — X7 )dx

1 1 1
+ /1 (sp + 7% ~ E(sz — Ty +2sp) — T + X7 )dx
2

21 1 1
:/ (—Tb—be)dx+/ (== +x1)dx = =1, (81)
0 2 142 4

1
2 1 1
5ot = /0 (85 + 5o — 5 (@5 — T+ 255) —ym)dy

1 1
+ 1 (Ss + EOCS _(OCS - TS + 255) - TS +yT5)dy
2
= %(1’(— T5)dy + 1(—1T+ T)dy = =T,
= 0 5l Yts)ay % 5 Ts YTs)ay = s

(82)

The post-merger consumer surplus is given by the sum of the buyers” and sellers’

post-merger surpluses:

Csht = BSE™ 4850 = ~ (7, + 1) (83)

ANy,

7.2.2 Single-platform monopoly

To obtain the buyer and seller surpluses under a single-platform monopoly that
covers the entire market we insert the monopoly prices given in and and
the network sizes, n, = n; = 1, in and (77):

1
BS{™ = / (sp+ap — (5p — ™ +ap) — x7p)dx
0

1
= [ —x)dx =57 69

1
SSfost _ /O (Ss + ag — (Ss — Ts + (Xs) - yTs)dy

1
= [ -y =3 69

34



The post-merger consumer surplus is given by the sum of the buyers” and sellers’

post-merger surpluses:

1
CSP™ = BS|™ + 8S1™ = 2 (% + ) (86)

It is now uncomplicated to prove the following.

Proposition 4 The consumer surplus is always higher under a single-platform monopoly

that serves the entire market than under a two-platform monopoly.

Proof. From and it is easily noted that the consumer surplus under a single-
platform monopoly that covers the entire market is twice as high as the consumer

surplus under a two-platform monopoly that covers the entire market:

2
Csi;osf _ (Tb +Ts) — Z(Tb + Ts) —=2. ngost

N =

Obviously, the consumer surplus is higher under a two-platform monopoly that
serves the entire market than under a two-platform monopoly with partial market

coverage. Hence, proposition 4 follows. [ |

7.3 Comparison of pre- and post-merger surpluses
7.3.1 Two-platform monopoly

It is also straightforward to show the following.

Proposition 5 The consumer surplus can never increase as a result of a merger when the

merged entity chooses to keep two platforms.

Proof. Recall that parameter values must satisfy the full market participation condi-
tions (FMPCB2*) and (FMPCS2%), repeated here for the convenience of the reader:

ap + 205 — 31, —2¢p + 255, > 0
g + 20, — 3T —2¢c5 + 255 > 0
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It follows that their sum must be non-negative:

2(sp+ss—cp—cs) +3(ap+as—1— 1) >0

3 3
<:>sb—|—ss—cb—cs—|—§((xb+zxs)—E(Tb—krs) >0

3 5 1
<:>Sb+ss_cb_cs+§(“b+“s)_Z(Tb+TS>_Z(Tb+TS> >0

= CSP"e —CSh™ >0

— CSPre > Csh™ (87)

where the second latest equivalence follows from and (83). The pre-merger con-
sumer surplus is at least as high as the post-merger surplus under a two-platform
monopoly with full market coverage. Hence, the consumer surplus cannot increase
after a merger when the merged entity’s optimal choice is to keep both platforms.
Since the consumer surplus cannot increase as a result of a merger into a two-
platform monopoly under the assumption that it is optimal for the merged entity to
serve the whole market, it should be evident that it will neither increase in the case

that the price setting results in a partially covered market. n

7.3.2 Single-platform monopoly

The consumer surplus increases as a result of a merger from a duopoly to a single-

platform monopoly if:

csP > cspre (38)

Inserting the expression for the pre- and post-merger surplus, and yields:

1 3 5
E(Tb +Ts) > s+ 55 + 5(0‘17 +as) — (cp +¢s5) — Z(Tb +15)
7 3
< s, +5s < cp+Cs+ A_L(Tb + 1) — E(sz +as) (89)

where 7(7, + T;) — 3 (2 + &) > 0 by the Equilibrium Condition (EC). The consumer
surplus increases as a result of a merger into a single-platform monopoly if the

stand-alone benefits are sufficiently low. However, recall that the conditions for
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a covered market implies a lower bound on the stand-alone benefits. By the full

market participation conditions we have that:

3 1

Sp > Cp + ETb — Eﬂéb — K (90)
3 1

Ss 2 Cs + ETS - Eas - [Xb (91)

It is the case that the upper bounds on the stand-alone benefits given by (89), are
compatible with the lower bounds on the stand-alone benefits given by the con-
ditions for a covered market@ Hence, it is possible that the consumer surplus
increases as a result of a merger into a single-platform monopoly that covers the
entire market. For fixed values of the other parameters it can be illustrated in a

(5p, ss)-plane:

Figure 4
Ss
FMPCB2
cp+ s+ 5 (T + ) — 3 (ap +as) 1
Cs+ 3T — 305 — e FMPCS

(0,0) Sb

3 1
Cp+5Tp — 50 — Qs

The shaded area represent the set of combinations of (s, ss) for which the full mar-
ket participation conditions are satisfied for buyers and sellers. The darker shaded

triangular shaped area is the set of combinations of (s, ss) for which the conditions

14There exist combinations of parameter values that satisfies ,(]FMPCBZ*]),(]FMPCSZ*]) and 1)

The solution set is of little practical relevance and is therefore not included in this thesis. The solution

in the case with perfect symmetry is displayed in appendix (B.2) for the interested reader.
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for a covered market are fulfilled and for which the consumer surplus increases as a
result of a merger into a single-platform monopoly. Note that the opposing restric-
tions on the stand-alone benefits implies that the a pair (s, s;) must be sufficiently
close to the full market participation constraints of buyers and sellers in order to
satisfy both the conditions for a covered market and the condition for a post-merger

increase in consumer surplus.
The result can be summarized as follows.

Proposition 6 The consumer surplus increases as a result of a merger into a single-platform

monopoly that covers the entire market if the following conditions are all satisfied:

7 3
Sp+ S5 < Cb+CS+Z(Tb+TS) — E(IXH—IXS)

3 1
Sp > Cp+ =Tp — =p — Q&g

2 2
s>c+3r—a—a
s — Ls 25 25 b

Consider for a moment the first inequality in proposition 6 and rewrite it as:

3 7
sb+ss+§(¢xb+ucs) < Cb+CS+Z(Tb+TS)

The stand-alone benefits and the benefits from the interaction must be sufficiently
low in relation to the marginal costs and the degree of product differentiation for
the consumer surplus to increase as a result of a merger into a single-platform
monopoly. This may at first seem counterintuitive since a high degree of product
differentiation implies that consumers with the highest preferences for the platform
type that is shut down also have considerably lower preferences for the platform
type that remains on the market. It can be explained by the assumption that it is
optimal for the monopolist to serve the whole market. Recall that in the case that
the optimal monopoly prices coincide with a covered market, the single-platform

monopolist set their prices according to:
Pk = Sk + a0 — Tk ke {bs}

The prices increase in the stand-alone benefits and the indirect network effects, and
decrease in the degree of platform differentiation. The single-platform monopolist

sets the prices to each group equal to the total benefit of joining its platform less
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the degree of perceived platform differentiation. Since the monopolist cannot price
discriminate, it subsidizes every consumer by 7, which is the minimum compensa-
tion so that the consumer with the lowest preferences for the monopolist’s platform
type is exactly compensated for the disutility of choosing his or her least preferred

platform type. The net utility of an agent in group k, that is located at x € [0,1] is:
Wy = Tp — XT (92)

It follows that the net utility of every agent located at x € [0,1) increases in the
degree of platform differentiation:

dwk

Tk _1-x>0 for any x € [0,1) (93)
di

and by that, the consumer surplus.

8 Discussion and Conclusion

In this thesis, I have analyzed a horizontal merger from a duopoly to a monopoly in
a two-sided market, with digital platform markets in mind. In the first part of the
thesis, I derived the pre-merger equilibrium by following an analysis of competition
in two-sided markets proposed by Armstrong| (2006). I found that the model where
the consumer groups only value a platform by its ability to enable their interaction
is not useful for a merger analysis. Given the restrictions on the parameters for a
unique market sharing equilibrium, the platforms don’t share market areas in equi-
librium in these settings. I then established that stand-alone benefits for at least one
side of the market are necessary to ensure that the conditions for an overlapping
market area are compatible with the necessary conditions for a unique market shar-
ing equilibrium. This precluded an analysis of mergers in markets that lack such
benefits such as e-commerce marketplaces. I thus considered the effects of a hori-
zontal merger in digital platform markets where the assumption fits, as for example
the digital newspapers market and the market for online advertising platforms and

online intermediation.

In the second part of the thesis, I derived the post-merger equilibrium under two

possible scenarios: a merger into a joint ownership of the two platforms and the
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case where the merged entity shuts down one platform. I found that the merged
entity has incentives to shut down one platform if the fixed costs from maintaining
a platform are sufficiently large. If a merger is related to large savings in fixed costs
the merged entity is more likely to keep both platforms. In the absence of fixed
costs, the merged entity has no incentives to shut down one platform and operate
the remaining one, which goes in line with the conclusions in [Ian & Zhou! (2019).
The finding that the decision of the merged entity is dependent on fixed costs is
relevant since high fixed costs prevail in many two-sided industries, particularly in

digital two-sided markets.

An important finding is that the consumer surplus always decreases as a result of
a merger into a joint ownership of the platforms. It can then be concluded that
mergers in these types of markets should raise concerns when there are high sav-
ings in fixed costs related to the merger. Also, by the result in proposition 3, an-
titrust authorities should be particularly vigilant if the market is characterized by
two asymmetric sides in terms of how the two consumer groups perceive the de-
gree of platform differentiation. In such environments, it is more profitable for the

merged entity to keep two platforms even absent large savings in fixed costs.

My conclusions concerning the effects on consumer welfare from a merger into a
joint ownership of the two platforms contrast with previous studies that find that
such mergers may be welfare enhancing (e.g. (Chandra & Collard-Wexler (2008),
Leonello| (2011), Cosnita-Langlais et al. (2016)). My results are conditioned on the
assumption that the merged entity does not make the platforms interoperable and
that there are no efficiency gains. I maintain that efficiency gains are presumably of
little relevance for a merger analysis in the types of markets I consider. In digital
platform markets marginal costs are close to zero to begin with. However, it may
be relevant to consider the scenario where the merged entity makes the platforms
interoperable. In the model, interoperability could be represented by a decrease
in consumers’ disutility cost from choosing a less preferred platform type. As is
also highlighted in Correia-da-Silva et al.| (2019), the merged entity would then have
to find an optimal balance between the benefits of network effects generated by

interoperability and the benefits of platforms” differentiation.

I also found that the consumer surplus can increase as a result of a merger into
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a single-platform monopoly that covers the entire market if the total benefits from
joining the platform are sufficiently small in relation to consumers’ perceived de-
gree of platform differentiation. While this may at first seem counter-intuitive, it is
explained by the price setting of a single-platform monopolist that serves the en-
tire market. Under complete market coverage, the monopoly platform compensates
each consumer for their disutility cost from choosing a less preferred platform type.
At the same time, the monopolist’s profit maximizing prices only coincide with full
market coverage when the consumers’ perceived degree of platform differentiation
is small in relation to their total benefits from joining the platformﬁ These conflict-
ing conditions should be investigated more thoroughly to identify when (or if) they
coincide. By the analysis in this thesis we may just conclude that it is ambiguous

whether a merger into a single-platform monopoly will increase consumer surplus.

Similar to many previous studies of horizontal mergers in two-sided markets I have
assumed that agents only patronize one platform. This is arguably a specific as-
sumption, in particular in the case of digital two-sided markets. The case where
consumers have the possibility to join more than one platform should be addressed
in the research on mergers in two-sided markets to fully comprehend the effects of

increased concentration in digital platform markets.

Some concluding remarks should also be made regarding the first part of this thesis.
First of all, the conclusion that the model proposed by Armstrong| (2006) is incom-
plete absent stand-alone benefits suggests that adaptations of this model should be

completed with such parameters, as for example in Belleflamme & Peitz| (2010).

Second, a model with stand-alone benefits have limited areas of applications. The
prevalence of stand-alone benefits implies that users obtain some utility from using
the platform irrespective of the number of participants on the other side of the mar-
ket. This is motivated if the platforms provide some content or service in addition

to enabling the interaction between the groups of consumers.

However, many digital two-sided markets lack such features and in many cases

15Recall that in sectionit was established that it is only optimal for a single-platform monopolist
to serve the entire market when total benefits from joining a platform are sufficiently high for buyers

and sellers.
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agents only value a platform by its ability to enable the interaction with other groups
of agents. What we can conclude is that when agents patronize only one platform,
horizontal platform differentiation may be insufficient to enable the co-existence of
more platforms in equilibrium in such environments. Undoubtedly, there is a need
for more research on these market types, especially due to the high prevalence of
digital markets with the only function to enable the interaction between two or more

groups of consumers.
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Appendices

A

A1 Proof for Proposition 1

The necessary and sufficient condition for a market sharing interior solution to exist
is:

41T > (s + ap)? (A.1.1)

The market is covered in equilibrium if the following two conditions hold:
ap + 205 — 31, —2¢c, > 0 (A.1.2)
g + 20 — 3T —2¢c5s > 0 (A.1.3)
Where ay, a5, 75, 7s > 0 and ¢p, ¢s > 0. Conditions (A.1.2) and (A.1.3) can be rear-

ranged as follows:
ap + 205 > 31+ 2¢, > 37 (A.14)

as + 20 > 375+ 2c5 > 375 (A.1.5)

Given that ¢y, ¢s > 0 the rightmost inequality in (A.1.4) and (A.1.5) will always hold.

To summarize, it must hold that:

4775 > (s + ap)? (A.1.6)
xp 4205 > 31 (A.1.7)
ag + 20 > 375 (A.1.8)

Let S denote the set of possible solutions to the system of inequalities (A.1.1), (A.1.2)
and (A.1.3), and let P denote the set of possible solutions to the system of inequali-

ties (A.1.6), (A.1.7) and (A.1.8). It should be evident that S C P. If it can be shown

that P = @, it immediately follows that & = @ and by this it can be concluded that

(A.1.1), (A.1.2) and (A.1.3) are contradictory.
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Solving for 1, and 7 in (A.1.7) and (A.1.8) yields:
T < 1zx + th
b > 3 b 3 S
T < lzx + goc
5 X 3 s 3 b
It then follows that:

1 2 1 2
4TbTS S 4(50% + gﬁés)(gﬂés + gﬁéb)
8 5
= _(“129 T+ 5 &pis + 0‘52,)

9 2
From condition 1) we had that 47,75 > (as + ocb)2 = oc% + 2,5 + a®. Hence, we

get that it is necessary that the following hold for the conditions to be satisfied:
2 2 8 2 5 2
ay 4 2005 + 0° < 41,15 < §(sz + 5t +a3)

It is therefore necessary that the following hold:

8 5
a2+ 2apas + a2 < (af + Sapas +a?)

9 2
8 4
= a? + 2w +al < 6(&% + 2aps 4 a2) + g%bs
1 4
= §(o¢% + 2apas + a2) — g%s < 0

= zx% + 2o + a? — 4oy <0

= af — 205 +aZ = (@ — a5)* < 0

Now it is easily noticed that this is a contradiction. Since the necessary conditions

for a solution the system of inequalities (A.1.6), (A.1.7) and (A.1.8) are contradic-

tory, it is straightforward to conclude that there exist no solution to this system of
inequalities. Thereby P = @ and since P C § it follows that § = @ and that (A.1.1),

(A.1.2) and (A.1.3) are contradictory.

A.2 Proof for Proposition 2

The necessary and sufficient condition for a market sharing interior solution to exist
is:

47T > (s + ap)? (A.2.1)
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The market is covered in equilibrium if the following two conditions hold:
ap + 205 — 31 +2(sp —cp) >0 (A.2.2)

as 420, — 37T+ 2(ss —¢s) >0 (A.2.3)

Where ay, a5, Ty, Ts > 0 and sy, ss, ¢, ¢s > 0.
Condition (A.2.1) is equivalent to:

23/ T > ap +
since all parameters are positive.

Now let s; = 0. Then the system of inequalities (expressed in terms of &) reduces

to:
s < 24/TpTs — Ap (A.2.4)
3 1
as > =1 — (sp—cp) — =ap (A.2.5)
2 2
g > 3T + 2¢5 — 20y, (A.2.6)

Note that (A.2.4), (A.2.5) and (A.2.6) are stricter restrictions on the parameters than
(A.2.1), (A.2.2) and (A.2.3). If parameter values can satisfy the conditions when

only one side of the market obtains positive stand-alone benefits, it follows that
there also exists parameter values that satisfy the conditions when both side of the
market obtain positive stand-alone benefits. It therefore suffices to examine the case

where only one side of the market obtains stand-alone benefits.

Now, I find the restrictions on the parameters such that conditions (A.2.5) and
(A.2.6) are exactly satisfied by setting the conditions to equality and finding their

point of intersection, P = (ocl,; ,al).

3 1
ol = 2T~ (sp —cp) — sz{; (A.2.7)

al =37+ 2cs — 208 (A.2.8)
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3 1
= 5T~ (sp —cp) — Eocll: =37 + 2¢5 — 2045
4 2
— oclI; =27 — T+ ng-f- g(sb —cp)

(A.2.9)

4 2
— al =37 +2¢, — 221 — T + 3+ 30 =)

4 2
=27, — Ts — §(sb —cp) — 3Cs (A.2.10)

The point of intersection satisfy condition (A.2.4) if:

«x{: +af <277

4 2 4 2
— 2T, — T + 3Cs + g(sb —cp) +21 — T — g(sb —cp) — 3Cs < 2/TpTs

2 2
= T+ T — 350 + §(Cb +¢5) < 2/TpTs

3
< Sp > E(Tb —2/TpTs +T5) +cp+cs

:;¢ﬁ_¢iﬂ+%+% (A2.11)

Now, condition (A.2.11) ensures that there exist parameter values that satisfy the
three conditions for aj, as € R. For there to exist ap, a5 > 0 that satisfy the three
conditions given that s; = 0 it must also be that and are both satisfied
for any ayp, a5 > 0. This is the case if intersects the horizontal axis for a lower
ap than when the conditions are represented in («;, as)-plane for given values
of the other parameters. intersects the horizontal axis for a; = 2,/7,Ts. Then,
for there to exist ap, as > 0 that satisfy the three conditions it has to be that:

af*0(2y/TT) = 37 + 2, — 4y T < 0 = af?H(2/TT) (04)

Hence, given that s; = 0, it is necessary that the following two conditions hold for

there to exist solutions to the system of inequalities:

3
sp > E(\/?b_\/?S>2+Cb+Cs (95)
3T5 + ZCS - 4\/ TbTS < 0 (96)

By symmetry, proposition 2 follows.
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B

B.1 Profit maximization of a single-platform monopoly

Find the prices that solve the following problem:

1

m_ _ _ _
a1 = TpTs — Xplhs [(Ps ) (T(5s = ps) +ai5(56 = o)

+ (py = o) (Ts(sp = o) + (s = ps))| = fu

The first order conditions are:
oI} B 1
s TpTs — Apls

[=27ps + T (ss + ¢5) — pplap + as) +assy +apep] =0 (B.1.1)

oy 1

B o - - =0 (B.12
apb TyTs — pls [ 2Tst + DCS(CS Ps) + lxb(Ss ps) + TS(Sb —+ Cb)] 0 (B )

The second order conditions are:

921" 2
L g (B.1.3)
ap; TpTs — Kpls
oAIT™
L 2L ) (B.1.4)
ap; TpTs — Apls

92TI™ 9211
H(pp ps)| = =5 —5

By condition (EC) it follows that (B.1.3) through (B.1.5) hold and that the solution to

the first order conditions are the profit maximizing prices.

P , an (p )’
IpsOpy (pTs — “b“s)z

— >0 (B.1.5)

Solving for ps and py, in (B.1.1) and (B.1.2):

1
pPs = Z_Tb (s +5s) + apep + assp — (ap + as) o) (B.1.6)

1
=5 [Ts(cp + 8p) + asCs + apss — (ap + as) ps] (B.1.7)

S
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Solving the equation system gives equilibrium monopoly prices:

_ (27Ts — apas) (cs + 8s) + Ts(ap — as) (cp — sp) — a2cs — “%SS (B.1.8)
Ps 47,1 — (ap + ag)? -

_ (27T — aptrs ) (cp + 5p) + T (s — &) (€5 — 55) — ey, — a2sy (B.19)
Po 41,75 — (ap + “5)2 o

Rewrite (B.1.8) as follows:

(21T — aptts — a2)cs + (2T, T — apts — 25)Ss + Ts (ap — as) (¢ — Sp)

2T — apes — o (27T — apas — a2)cs + Ts(ay — as) (cp — sp)
4Ty Ts — (ap + as)? ’ 4Ty Ts — (ap + as)?
L 2myT — i — o ) (27T — apas — a2)cs + Ts(ap — @) (cp — sp)
P AT — (ap 4as)2 41,75 — (o + as)?

(cs —55)(2TpTs — apors — a2) + Ts(p — s) (¢ — 5p)

=85+ B.1.10
’ 47y Ts — (ap + as)? ( :
Similarly, (B.1.9) can be rewritten as:
—5) (2T Ts — —a2) + 1 (s — —
pe = 5+ (cp —5) (2T Ts — apas — ajy) + Tp (s — ap) (s — Ss) (B.111)

47T — (ap + as)?
From (B.1.10) and (B.1.11) we get that:

S — ps = — (cs — 55) (2T Ts — aptts — a3) + T5(wp — as) (cp — 5p) (B.1.12)
4Ty Ts — (ap + as)?

(cb — sp) (2TpTs — apts — a?) + Ty (a5 — ) (cs — )
47,15 — (ap + as)?

Sp — Pp = — (B.1.13)

By using (B.1.12) and (B.1.13) in (56) and we obtain the equilibrium network

sizes:

_ 27y (ss — ¢s) + (ap + as)(sp — ¢p)
? 41,15 — (“b + “s)z

(B.1.14)

ny = 275(sp — cp) + (@ + as) (55 — ¢s)

B.1.15
47,5 — (a0 + “5)2 ( )
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It is optimal for the monopolist to serve the whole market when the parameter
values are such that the respective equilibrium network sizes of buyers and sellers

are at least 1 in equilibrium. This is the case when the following hold:

27y (ss — ¢s) 4 (@ + as) (sp — ¢p) > 47T — (a0 + 5)? (B.1.16)

275(sp — ¢p) + (ap + as) (85 — ¢5) > 41T — (ap + “s)z (B.1.17)

It is optimal for the monopolist to opt for a covered market when the total benefits
from joining a platform are sufficiently high for both buyers and sellers relative to

their degree of platform differentiation.

Now, since the market is defined by n;,n; € [0,1], we derive the monopoly prices

when (B.1.16) and (B.1.17) hold with equality:

27y (ss — ¢s) + (ap + as) (s — ¢p) = 47,Ts — (ap + a05)? (B.1.18)

275(sp — cp) + (ap + as)(ss — ¢5) = 41T — (ap + as)z (B.1.19)

Solving for (ss — ¢s) in (B.1.19) we get that

o AT — (wp t a)” — 2T(sp — ¢) (B.1.20)
S S Déb_i_as o

Using (B.1.20) in (B.1.18) yields:

81215 — 27 (ap + 2 —47,75(sp — ¢p
41T — (g + )? = —L° ( ™ jr){x d ) + (ap +as)(sp — cp)
S

= ATy Ts (0 + ) — (a0 +as) = 87T — 21 (o + s)* — 41T (5 — ¢p) + (@ + a5) (5, — )
= (41T — (ap +as)?) (5p — cp) = (a0 +a5)® — 27 (a + a0s)? — 47y T (a, + ) + 87T
= ((ap + as) — 21) ((ap + a5)* — 41 T5)
> 5, —Cp = 2Ty — ap — Qs

47,7 — (ap + 0g)? — 22T, — ap, — &
— 5, — s = bls (b S) S( b b S):sz_ab_txs
lxb_'—“s

Solving for c; and cs:

cp =5Sp — 2T + ap + g (B.1.21)
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Cs = Sg — 2Ts + ap + s (B.1.22)

Now using (B.1.21) and (B.1.22) in the equilibrium monopoly prices given in (B.1.8)
and (B.1.9):

1
AT — (ap + as)
+ To (o — ) (=27 + &y + ) — a2(ss — 2T + ap + as) — arss]

B 1
47T — (ap + “s)z

[47,TsSs — 20,0555 — 4TbT52 4+ 20p05Ts + 2T Tt — oc%zxs + 27, Tseg — ocbzxg

— 2Ty Ty + 2T Ts ks + Tszx% — Tslpls + Toptts — Tsrxf — a?ss + ZTSag — zngxb — (xg’ — oc%ss]

1
B 41,75 — (ap + “s)z
B 1
B 41,75 — (ap +as)

(47 Ts — 2apas — a7 — a?) (ss — Ts + as)]

51(4TTs — (ap + ws)?)(ss — Ts + as)]

=S;— Tg+ s

1
B 41,75 — (ap + )

Pb 5127 — apas) (255 — 275 + oy + as)

+ 1y (s — ) (—27Ts + &y + o) — a3 (s — 27 + ap + as) — aZsy]
- 1
47,7 — (ap + ag)?

[47, TSy — 200058, — 4TST§ + 2005 T + 2T Ts s — txgsz + 27, Tty — ocsoc%

— 2Ty Tstks + 2T Tk + szx_f — Tppls + TpXpis — Tb(x% — (xisb + 2Tb(x§ — a%as — ag — a?sb]
B 1
AT — (p + as)?
B 1
AT — (ap + as)?

[(47yT6 — 2ps — & — a3) (s — Ty + )]

(4775 — (o + @5)®) (5p — T + ap)]

=S, — Ty +

In the case that it is optimal for the one-platform monopolist to serve the whole

market, the monopoly prices will be given by:

Ps = S5 — Ts + Qs (B.1.23)

Pp=5Sp — Tp +ap (B.1.24)
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B.2 A perfectly symmetrical case

The system of inequalities in the perfectly symmetric case: s, =ss = s, ¢, =¢cs = ¢,

ap = a5 = &, T, = Ty = T. The system of inequalities reduces to:

T>0n

30 —31—2c+2s>0

7
2S—2C—{—3(X—§T<O

Solving for s in (B.2.2) and (B.2.3):

s < 7T+c—3(x
4 2

3 3
> I
S_2T—|—C 2“

(B.2.1)

(B.2.2)

(B.2.3)

(B.2.4)

(B.2.5)

It follows that there are infinitely many solutions to the system of inequalities for

parameter values that satisfy:

a>0

T>wn

O§c§s+§a—§r

2 2
3T+ —3¢x<s<7r+c—3¢x
D L 2
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(B.2.6)
(B.2.7)

(B.2.8)

(B.2.9)
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